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The Relativistic Structure of SU(6) . .

. o ,
.. R.: Delbourgo, Abdus Salam a.nd J. Straﬁthdéé )

International Centre fpf Theoretical. Physics,. 'I‘riés;te

It is shown that a relativistic basis for invariaﬁce under
SU(6) exists only if the group structure is extended to U+(6) ® U (6)
for any interaction térma,'_ "The notipn of inhomogeneous. externsion
U5(6) ® U;(6) ie introduced. This extension leaves the kinetis energy
terms invariant, though it still does not provide a fully satisfactory:
theory. S k » ‘
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THE RELATIVISTIC STRUCTURE OF _SU(6)

1. -Introduction =

We wish to examine in this note the relativistic baeisl
of recent general1eat1ona of Higner's supermultiplet theory2
to elementary particle physics. We start with the agssumption
that so far as the relatlvistic and internal-eymmetry structures
are concerned it is suff1c1ent to' start with an elementary
multiplet of D1rac sp1nors —— elementary in the sense that it
corresponﬂs to-the fundamental representation of the internal
symmetry concerned. More specifically:for the internal eymmetry
group U(ij, this fundamental representation corresponds to a
Dirac set of three Sakata-like)quarks. Our assumption then
amounts to saying that so far as group theory is concerned all
particles can be onsidered as composed from Dirac quarks,

There are three questions to be studied:

"(A) The structure of the "algebras" formed from the Dirac

matrices and the :mternaI symmetry generators T .

\
A\

(B) For wh1ch ones of these ."alge'bra.e“ are the kinetio energ

: a.nd the mass terms 1n a free Dirac Eamiltonlan invariant?
(c) Th.e;’,typ‘ee,_of“1nteraction Eamlilt_onians‘_(i‘f any) ,4i'nyariant

. for each: "algebra”.

.......
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e

“which the (E‘uclidean) group of rotatione in 4-d1meneions splits

2. The Structure of the Gombined Algebras

G:Lven a eet of hermitian Dirac matricee 'Y“/and 1ntern9.1

symmetry generatore 3 -fv, note that

[7"1' 7P1] = LT 1“}[1' T‘J + '[7* 1‘]{1* T‘}

For the fundamental (- fold) repreeentation of any unitary
group U(‘n,), the nm. matrices T span the entire hermitian haeis
and therefore both \ [T‘ 'T’] and {T',T’} are expreesi‘ble
as the linear sums, of the 'T‘ 's themselvee. So 13 tr:Lv:Lally the
caee also with the full set’ of the 16 Dirac matr1cee. Specialismg
to U(3) ( c. for the nine matricee Ti , 120, Lo '8 ), it
is ‘clear from the above. that the 144 matrices ‘ 'YAT"" (A ;l, ';IG,‘
AZ 0, .,9) in general provids the set of generators for a U(12)

struoture.

It is easy to see from the results for the anticommutators -
of the Dirac 75 given in the Appendix that the general U(12)

group contains two U(6) sub-groups each ‘generated by.-the 36

matrices,

WHe) : i(um)ﬁ L (g+4"rs)0' »T,‘A :
u..“_)! g(u-i%)T‘, (l-t?’s}"}-vT | ‘ (1)

The orucial.remark. is. that since G ?;. )O—PV . is s . o
set of a.ntieymmetrio eelf—dual matrices,: there are. only three

independent ones_smong these; and likewise for ( l-4f,—)0;v
Clearly a U(6)-1nvar1ant parity-coneerving theory must neceesarily
possess.. LL*(—)‘H. eymmetry. » U (6) and u” ,(6) clearly are straight:
generalisatione of SU (2) and SU (2) .

the twa sub-groups 1nto

The releve.nt natrices are. unimodular
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partn'le, Calogero shows that the "even"

For a free D1rac
v (1n the Foldy-Wouthuyeen eense)

and
;f;or 8 Lorentz metrw Jone must therefore first resort to. the
components of the W;,; and W}t

"unitary trick" of Weyl, i.e., go to a Euclidean metric,

N 1g:eneral:i.ae U (2) U (21)1 to- U"'(6) and 07(8) and then pass back repredent respect1ve1y

o the Lorentz metric ', Adopting an obvious nomenclature’ we ) : l-
shall call UX(6 ' : Wy = E‘ﬁ';, +mc.,' , Wy = pF

) the homog”’"ewq—qﬂmetm group:in contrast to the . t

’ ' ‘eﬁu Wb‘- m + Eo— o : W‘o - 8" g

L’ﬂ’ﬁm groups we consider in the next section.
' : ! t
o and & " are. the longxtudlnal (a.long ?_ ) and trensverse

In the rest-frame therefore W’ and WFV N
future paper we

Here
components of spin 6..

possess ‘the eeme phye1ca1 significance. In a
hope to come hack to the complete algebra of theee epin operators.

. ) "Algehras" of the second kind based on the 1nhomogeneoue

‘»ratber than “the’ homogeno’us Lorentz group are generated if we combine

. genera-l relativ1stic #gpin operators" wlth the T s, 'I‘he "gpin “
: operators" are products of the Dirac Matrices with' momentum; one s
. example is the set of the Pauli-Lu’banski operator (whiech in the ‘

'reetci‘rame of a partlcle give ite ‘intrinsio spin), ’

3. Invariance of the Lag’rangians“ k ’1

(A) 'I‘he Free Lagrangian : .
The Pauli-Lu’banski operator v’;‘ and’ Calogero operator vJ&
D - 7p #v

!
~ possess the remarka'ble property that the Dirac opera.tor

! commutes with these. Thue

, W}" = “;" rv?& G'YP bx , (h‘ W}¢‘:O ) . . (2)
» | f’t. m 'm)\la

_'smeé, : .
[w,, w, - p w, ; ' St
o V-] pope TR, ‘ : ) is invariant for UW’ (6) (with generators T \ATF_T Yo ‘Likewise
W.Wﬂ “a () }v ¥ v) dotining P g = LG N, the +¢rms Frbb and Telote
¢ : ¢ 3" o (3) ' are invarient for U* (6) (generatore T" wt T4y respectively.
‘ This is of course not true of the ness term fm(\{/&qi-{- \h_\l/z)

A new U(6) a.lgebza4.’s" generated by the 36. éuantities 'T" ‘ WI"T"‘ : ‘ _
S P ,
| ince W, (1ike O"V ) commute with 15 , 1t is also possi’ble to ' , Consider now the alge'bra.s U (6) generated 'by the T
set up tbe groups . u"(6) with the generators : and the Dirac matrices. 'I‘he transfomations : :
“;U. 6) « L(Iti')')T : 9 S : o : 3 i
W lo 5T 'lt4TW'T. X - =(1+3% T, + it T
’ ( S) , . \PL i+ 32 afw PV t 40 d,
' L : (4)

p]bu

) Now the Wig are only one. exa.mple of the general class of - |
. apin-operators" inotber operator has been described by Calogero > \hl (" * |
this is the teénsor = ‘ o : | |

Wip == 4 €uvap Vsl by
Aw"'i”' 3 Coprs Wy = S ACA AR
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‘even when taken in oon.)unction with the Lorentz transformation - ' (vith @ = ~P+ )s the interaction part of the parity conserving

e ——
do not leave the free Dirac Lagrangian invariant 7., In fact _ ‘ : » \\,(1', 'WI)\P \Y')’P‘[ﬂ‘/Xq, IPT 4/) (W 15‘]"4/.)(‘?), f’.T \P) (5)
q,_fb‘h) “pv ? T‘ ‘71'}#)",/ ' o

where the summa.t:.on is to 'be carried over 4'-. ] to 8. 'I"he is invariant. for vt (6) ®U (6) trensformations.  There.is a
total of 72 currents of which only: the SU(3). ninefold (F};‘T“‘sb

conclusion therefore is that g0 far as the free Lagrangian is
o is ‘conserved. The divergences of these currents are listed in-:...: -

~ concerned, the group Uw(é) is the . only which leaves the
Lagrangian 1nvariant v (6) leaves the kinetic energy R , the Appendix. A : 4
term unchanged but not the mass term, vhile for the covariant ’ : ST R ol o R o

© 4. Invariance of SUT(3)® SUT(3) under SU(6) - :

The considerations of section 3 leave us w1th a dilemma. '
'What is the - U(6) group of Gursey, Radicati and Sakita, Af it -
is not Uw(é)" If we are willing to give up covariance of the
group-structure (though of course not of the 'basm Lagrangian)

a'nmu-covaria.nt su'b-group of the structure U+(6) 6 U (6) is

groups UF (6) (defined with Dirao matrices ,MV eto.y rather
than the spin matrix W”“) the free Lagngla.n possesses no specially

desira'ble tra.nsformat ion charact er.

(B) The Interaction Lagrangian : : — o
It is at this stage that our difficulties start. It has
80" far appeared impossi'ble to oonstruct an interaction Lagrangian

provided by the 36 generators.

1nvolv1ng a produot of a finite number of field -operators which is . : A : T4, cr T‘ (4 j= 0,1, s ,' o, b- L2 3)

Anvariant for’ U,;-(6) or Uw(6) It would seem therefore that : . This structure coincides with the’ httle-—groun U”.(6) for the rest fm’g-o.‘.
Thus the set of transformations, o el e e

-

v if U (6) is . a relatively ezact symmetry of nature, only an S-matrix
vtype of theory oen he constmcted for it. ' ’

‘. J— ))L’/ T
0n the ‘other hand for the group structures Ut (6), even \}’ g (l 4 C l + a'b O'a,b'r (6)
though the free Lagrangian ie no; invariant, one can write inva.riant ' b, ‘ € b (space-rotation) -
interaction terms. For example, in the Euolidia.n sense ‘ . ' o= 1o ba }’A’ + ob¥b

leaves the interaction (3 f”T‘¢I¢LT'44)+(WF1)‘T'4’){¢)FK’T“P)
as well so the mass term as well as ‘V*'{wo‘i’ invaria.nt, changing -the‘

; kinetic ‘energy term B e i e e f :'j s b
ssv | gea,,, %P»T ¥,

The differential conservation law does not hold for the 24 currents

‘Fﬂ Gy T \P p.gs"f’;, gb sia3,
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Note quite generally that 8‘- = ‘-Z € a,ua'}x s

Now the Lagrangian(S) postulated above is precisely the
type of Lagranpian prevmusly written down in a.different connection -
in connection with what has been called the [Su,(})] @ [SU(%)]R_
9

theory It is perhaps instructive - to write the equations of the

gauge version of this theory in detail as well as the transformations :
1nvolved.. ‘We shall use the Lorentz metric and not adopt the. trick
of passing to the. Ehclidean space.” ' :

Start with the Lagrangmn

= 1 21z ,M,w‘*z'z,)- szw-"zr]
+ w(mz T‘)\v wgv(pw,z,r» -mw |

‘where z “and "a.re 18 gauge vector fields which can be'
expressed as sums and differences of vector and a.nal veotor fields,

Zl = V+A ’ . z V A ',
. ¢ e
Now if we speeialise to the Heyl representatiodi‘the u.(é) ® U(é)

transformation written in eq. (4) we have
'4/,_: (|+1d‘T‘ +4&‘0’T )4’ ,
q);-(H«pT‘u °‘T)% “ O}
or ‘l' [| + ~(e +4'f5'q‘)T + ig (€'+47;'4‘)T']q»

with d 61-41" p= G-Ar] Then it is easy to check that :
the Yukawa.-like interaction terms in (7) .are invariant providing

z, - Zox F9 (ol 2 L w2t

4

;._z:;rs'Z‘ "'Jwi(ﬁ’zt'ﬂ z,) ~. } (lo)'
Zi - zi o gt (Fzk - p'2d 2%) - ilkgz
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to pur& rotations 5

B oy e

However the free Lagra.ng:.an cha.nges vy

.a& wLoer zT‘qf +a~neﬂ-tT %

-um(d-p) (\pao'T‘\}' syl_o'r%)a* (n)

+ meson terms e

Clearly the mass. term q;"/ 15 inva.riant only if the . %
containing part of the tra.nsforma.tion vanishes’ (flso or Y= {3
Also as eta.ted before, the kinetic energy term is at 1east~

invariant W for the part of the transformat:.on (8) corresponding'-

4/—-) (|+4e"r' +4§°°‘)4‘ L—» }.4- exje
Note also “that " ‘is invaria.nt in the Euclidea.n sense,:. &,S(Zg +Z")‘0-
We have omitted writing ‘the ‘meson equivalents ‘of the fermion

E I IR

kinema.tio-energy in eq. (11) for the eake of brevity."”

S Conclusions

ATo'sum.morise the situation in'respect of combining the Lorentz
with the interna.l symmetry groups, we succeed 1n writing down a
complete field-theoretic formalism provided we extend the algebra
of the homogeneous, and not the inhomogeneoue Lorentz group. The
operators ( 1k s'fb— )0;‘9 oon‘espond to the tvo independent '
(a.ngular momentum) opera.tors vrhioh 5enera.te the homogeneous Lorentz .

group. -
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The group structures 1] (6)@!7 (6) are a direct generalisation
i’rom sU (2) to U*(G) of. spinors of each kind. However we note that -

these generalieations do not leave the kinetic energy terms invariant.
" The phyeioe.lly eigniﬁeant group vith 36 generators is then the
generalisation of the homogeneous Lorentz group, this generalisation

consisting of 36 generatore of space rotations € and the unitary

treneformatione 1". g‘T‘ For the rest frame of a eingle partiole,

this group coinoides with Uw(6), “the "little group of Gureey,
! Radioeti snd Sakita. '

’I'he authore are deeply indebted to Prof. P. T. Matthews e.nd

<Dr. J’. Charap for etlmulating dzeeuesions. They ha.ve developed the

*(6) @ U (6) fornalism independently.t After completion of this vork
the: authore have also ‘seen a preprint by M. A. B, Beg a.nd A. Pais on

“the eu'bjeot &nd - referenoe therein to a preprint by Lee, Comwall,
Freund and Bardakci. S
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notation.

APPENDIX

——————

We list here.the: commutatore and anticomnmtators that e.r_ieevin
the algebra of U(12) For the U(3) spin’ pa.rt we have

[T‘ T,] = 4’_’;&}& Tk , {T‘ T’} db)hTh
The -f and d are ‘the same as those of Gell-Ma.nn (Phye. Rev, -

125, 1067 (1962))a.nd l- -T esta‘blishes the correspondenoe with his
’ o .

Jonhe

For the Dirac a.lge'bra ve use the 16 matrioee' i

whe L %, GueiTRB), Gesie, %

for wb:l.oh ‘fy \I’ ie rea.l. ‘l‘hen listing the reeulte, ’“'

‘” .

16w 6.
0w} = 20w o -
[713 }CV] = 1;'(%)”1'- q)v'r}c,)

i, ;av} 3im2 e"l"P

[ 6"”-] = 1." (gw °’7\y. + ﬁap v “gu}-ﬁv glv “P)

15 1% ,,w} 2 (‘jq«ﬂav ?ipgnv) - 1€nl;cv'fs‘

{65s,5 yw}. = -2 e;pvp'fp

(:6'7;;"6;‘,3 = 9 (gzp °’v.f" G 'w)
[7'5 107N] = - 0

{T;, 0",} = G’WF)GEA A

163



He also include’ here the curre '
nts vhiob genera.te U
Thus ‘under (4) we beve ’ (6) . ! (6)

ol
8!\:-- 'a;['a(aq') L 3@'%)8%] meson oontributions
= - 3 ["PLTX 2‘““"6‘““7)-’4“)-‘., )“’L o
s «M,WT’MP’T’)% -]
'-.=_ d}wb v =4 ,'b -
_wlm g ’” | P" A R/W" “‘31‘7'-" “ﬂa%

= +lu B
di": WA f' ‘P" %3 3:.1 = \h'm ~P,_ Hooe
an| simila.rly for ) J- Si .
) vl R nce the only chw e in. th
that of the free part , ge in the Lasraneian is

J . S
9 J - J v B -
A Ll - ,an.R) - 0 ’ 2= o'a':gi',b-"'

2T . oac went L
A L}WA = ﬁ«.;;,_(?{, ?”)T""L*’"' ; -
B3y = 2 B (RA-A)T %}4*

ad 3, Taga). "’ aJJLf%l -"—-‘0'4" | ‘f s b‘
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[ If we extended the notion of h. to a 72-d1mensiona.1 vector p'.

j transfommg aooording to the (l,&f)@ (sf 1) representation
: then the inva.ria.noe of the free Le.gra.ngxa.n would be restored.

s(:w w) - Ad,ﬁ[ (g,,v,‘-%,,ma»hrh .;,.,,7 {‘J"'T"]'lw
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| : (1.56) or to (6,21) + (21 6)

u(12)° AND ﬁx’zoxmsu(sj_smmnr T

§ 1. Starting with a epin i quark model the most general algebraio
etruoture is the U(12) ring of matrioee 1*'7‘1 We wish to, point cut

A that thie U(12) struoture oen be ueed to give a direot covariant
formulation of the SU(G) eymmetry of GURSEY, RADICATI and" SAKITAZ, SR
provided that for the phyeioally realised multiplete one ‘writea not
only tbe oomposite field operatore hut aleo their oonjugate momentum
operators as "independent” componente vithin ‘the eame‘multiplet. The

3

motivation of our, remark is as followe: a number of euthore have

reoently euggeeted that the SU(G) eymmetry of ref. 2 may h looked

U (2) x UR(Z) eymmetry aeeooiated with the homogeneoue Lorentz group .
\'Starting with this, a number of examplee of interaotion Lagrangiane .

t Ty

'invariant for w(6) have "been’ written dovn. o K

Now there are serious-: diffioulties .in. olaboration of . these ;-
ideas.’’ Firat the right and left eplit .of the basio’ quark implies e

_thatqu‘e o and therefore H(G) must be hadly broken, " Seoond, pbyeioal

partioles odérrespond to repreeentatione of: the inhomogeneoue Lorentz
group, and’sinoe kinetio energy terme are not invarient for U (6) x
R(6) (in ‘oontrast to the’ Lorentz o (2) x U, (2) oeee) it bas o far’
been poeeihle to develop theoriee of phyeioal etatee at ‘zoro monenta5
only. A third difrioulty ie related to. the eeoond; eo long as there
is no’ analogue of the inhomogeneoue Lorentz group etruoture, it ie
impoeeible to; aseign phyeioal partiolee unambiguouely to the multiplete
of H(G), thus haryon ootet and’ deoimet oan belong equally to (56,1) +.

o For the 4-component Dirao equation, yhioh inoludee the ‘pasg o

_tern, the pa sage t kthe 1nhomogeneoue group ie made 1n tbe well-known
faehion by extending the eub-algebrae (2) x U (2) (with eix N
generatore ch') to the full Dirao algehra U(4) Thie takes plaoeﬁl,vh\
T vine in addition to the VP, the four_:j\.
x“e with oommutation rulee e e

(trenelation'likei\natrioee
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|

allowing one to write equations invariant t‘or the inhomogeneous
groupy

where‘_.i’* 3;!‘ P " YS [7 7 T Pv.] ’1(25' 'A

Note_ in pasning that l'f"'}' W'P “‘-,-v Tri’F | sothetthe "
first equation ma.y be written in the form e oo

| [,r,,'f( P sy »+i",“""]*|'i'_ e

» Hhat we ush to emphasise is" thst there is a olose analogy :
between the group oomplqtion o, (2) ' L (2) « U(4) ‘and U, (6) x (6)
> U(12) “’I‘he generators for U (6) x U r(6) are the’ 72 matriges
a-l“’ T‘ “"T"“l 75T ln addition to these U(12) oontainst
another set of 72 matrioes :

w—"pi‘«y = 0

wre L T T T T e ’ ‘ V -
T =¥"T A“‘? ‘Y"rT ~A=(i“) L °,J

.‘A LP'L“"
with the typioal:ocommutation’ rules (similar to (1}}1- -

ANt v N A ‘;
LT, o] s it gy 9"1*‘)T"+:-"‘e"""'1’1
Ly Y‘T -, T*] - wﬁ“" w’r‘T"

Defining a 72-component veotor (P H ) onoe again one mv vrite‘-ln
"(inhomogeneous)H(G)" invariant equetion . .

U G T R T AT T W
Note'.that: S[P HAHA] =0 and also SEP"’P"WI&WP] o{

where Fopho by yro
? PP wh o w14 is orth stressing too that the Lagz-ang-

ian mass - term ramains invariant ag we117 . .

e is pert‘eotly ‘possible ‘now ‘to write a oovariant U, (6) TU (6)

S-matrix formal lsm, using the U(l2) algebra in’ oomplete snalogy with‘:

‘a Lorentz oovariant formalism for spin i partioles whioh utilises the E

U
(4) algebra. ’I‘he ohief problem 18 the passage to “the ph,ysioal linit ;

" of _
of such § mstri: elementn, ‘the’ physioal limit bsing dei’ineda as P >

bt all other

) oomponenta of P énd W vanishing. This last step vill
:aturally breuk the U, (6) x U r(6)- eymmetry ine well-derined and
eterninate mannor loaving [ tornnli-m whioh' h mlly Lorontl oo- .

1683

variant, The symmetry breaking is well defined in the sense that we

know preoisely the'transformation properties of the broken veotor
(] Co
(§", 0.

f 2. ,Gonsider now the problem of higher representations.
from a single Dirao field Tr and a 4~=oomponent spinor one genserates
suooessively higher multiplets and their algebras by taking outer

Starting

produots9

- X Ix .. X l“|,{..x\~.
Yu‘) ' b

The first conorete example of this is the 4x4 representation of
DUFFIN and KEMMER'C with the sssooiated algebra Y =4(y*x) 4+ 1 xrl“)
Thie gives rise in the well-knoyn manner to particles of spin one

(10 oomponents) and spin zero (5 components) within one multiplet.
Ths oruoial point is not that this is obvioasly the "natural" form=-
ialism for extension to U(6) ideas in that it combines zero spin and
spin one; it is more , for by imposing the requirement that the field
quantity satisfies a linear equation, Kemmer oould show that the spin
one field is oomposed of the potential AP a5 well as the field
11,12  pv Likewise the spin zeéro part oonsists of ¢ as well
Altogether the spin deocompesition

tensor
as its oonjugate momentum 'aF(:
18 16 = 10@ 5 & 1. (The 1”does not oorrespond ‘to any dynamioal

situation and is oalled the trivial representation of the a.lgebra.)
13

The next algebra is generated by the matricss
of » yPxr 4+ xpf
the _reduoible representations desoribing partioles of spins % and % .
In a future paper this deocomposition will be exhibited in detail;
like for the oase of the g-algsbra, bothﬁfield operators as well as

their conjugate momenta ooour together in the desoription of a

physioal soystenm,

) The extension of the above to inolude unitary apin (passage from
U(4) to U(12)) presents no essential oomplioations though the formalism
gots tedious as is well known from past experience of caloulations
involving for example e-formalism for mesons, But the ocompensations
are two-fold; first the ambiguities of Ua(6) x Up(6) assignmente for
the same physical multiplet are avoided § the formalism ingorporates

them all in a epeoifio manner. Second, using the methods of &1 &
169



N

broken but oovariant SU(6) formalism oan readily be oonstruoted, In
‘practice sinoe one is hardly ever going to work out the dynanios of
purtioles of spins % 3/2; we hope one oan set up the necessary formal
machinery once and for all. This will be treated elsewhere,

Our thanks are due to Dr, M. A, Rashid for numerous helpful
suggestions, .
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..Properties. of the Weak Interactions. .

R. H. Dalitz.
The Clarendon Laboratory,,Oxford.‘ )

1. Introduction,

In.these:lectures;Twe“shallgbe~interested;in"the“ﬂﬂ o
experimental.situations«providing evidence for the conserva-
tion laws and symmetry principleswhich appear likely to :

hold for the weak interactions, and in the predictions ‘and’

_implications .of: these principles, especially in their

possibie‘relationship with unitary symmetry. = In*diacuasing
weak: interaction proceases; we: shall assume ‘as a’ general

framework the plausiblet"curfent—current*hypotheSis"7intrb#
duced- by: Feynman and Gell—Mann1) Tﬁis5hypothesis\a38ﬁmes

thatéthesefprocesses.result from the coupling between two

"weak interaction currents" of‘vector‘form,“ Its success -

makes plausible a further hypothesis, that these weak inter-

Aact;onaware.petyally capgied:by'an intermediate vector meson

field eoupledfdipectly,with the weak interaction.current,.:

althongpxthereu;s5not;yetian&)direct evidence which .reqguires
this "weak vector meson" hypothesis.
The current-current hypothesis is known to describe the

situation for the simplest weak interaction, the decay of

. the muon,

pr—set s v+ v, k ' ‘ ' (1.1)

as well as for the nucleon beta-decay n—>p + € + ;e° For

u-decay, the decay interaction takes the form
oo | _
e, {Jm Tea + hec., (1.2)
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where the currents Jud and Jea are given by thevform, for
b =pand e,
Tpa = VpTq (1 +7g)0* ' (1.3)

There is now rather strong evidence for p-e univcrsalitx,
i.e. for the hypothesis that the muon and electron inter-
actions all have -exactly the,same,strength and form. ‘
For weak interactions, this means..that the leptonic weak
interactions always involve .the -leptons through .a lcptonic‘
weak-interaction current,~of .the form . S Y

~ o = {Vé'fo,(“%)e*'-* v 'ra(1+r5‘)u*]o S (1ab)

. We shall begin (Sections: 2. -and 3) with a discussion. of
leptonic‘modes-of _Gecay. . Since these. processcs'involve
relatively few strongly—interacting particles, their inter-
pretation is simpler than for the: non—leptonic modes, which
will be;discussed in Section 4. The.interactions»for the -

description of the leptonic. modes take the general ‘form..
{J +S.}J&L;+ h.,co,' o (1.5)

where J denotes the weak-interaction current for’ strangeness—
consemnng transitions between- strongly-interacting particles,
and’ S .denotes the weak interaction current for: strangeness-

e

changing transitions.
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2. The Strangeness-conserving Leptonic Decay Interactions.

~The strangeness—consizzgng decay processes whizh have been
studied to date are for the{transitions n—»p, ﬂj;>ﬂ', and E-esA.

Generally, the rclevant weak current J ’ consists of a
vector part Jv and - an axial vector part .T'A together with some
further;terms (the " tensor—and pseudoscalar terms) ‘which arev
considered not to be present in"the>primaryicurrenth(thedcurrent
remaining wher ‘all ‘strong interactions are turned off) but to
be induced from the primary current by the effects of the =~
strong ‘interactions (just as the neutron magnetic moment is
considercd to be an electromagnetic‘effect induced by the
strong interactions) ‘ ’ '” e

For the vector current Feynman and Gell-Mann1), and also
Zeldovitch and Gersbin) have put forward. the. hypothesis that

JV is proportional to the component I of the isospin current

Ia' This implies that:
- (1) &V is a conserved current l.eo

V .
o5 (e

since this isftheicase for theiisospin*current} _ However, the

converse is. not true: ".the- hypothesis that JV is conserved is

not- sufficient to - ensure- that Jv is related ‘with: the isospin

current._‘a,ﬁ . .

so(41) . matrix-elements of Jv are: directly related with®
the matrix-elements for correSponding electromagnetic processes.
Explicitly, if. the electromagnetic current is written in terms

°f T =0 and I =.1 components, ..



,(JQ)EM = <.=,{J: + () )3} e

then the matrix—element of J is proportional to the matrix—

element of (j )

(iii) for transitions AY 0, this form .of JV
,induces only transitions for Which AI - o
' To discuss the beta transition nﬁ>p, we consider . the .
corresponding matrix-element of‘JB“, g1vingAthe.charge and : -
magnetic moment structure of. the nucleon.~ ?hus,,foermall,;;

momentum transfer .Q, we have,,,

(N{'(ja)EM[N) «.N { er, 1_+_.s.

2
(2. 3)

where “p’ n ‘denote the’ magnetic moments of the proton and’’

neutron respectively.- Picking out” the term J from (2 3),

we obtain the form for JV ;
Y, o "
J-O. ~J Yar+ + M (U- ) aﬁ‘lﬁr} . (2»‘4)

leading to the vector part of the n-e»p weak interaction

VTJZG. = GV{tY + .a.B:g%'(“p '."“n)],za. o (2.5)

s ?he first term;in.the;curly‘brackets is ‘the ‘usual vector
term,, .The coefficient'Gg is determined experimentally, -itg:
value being given by Gvyb = 0.980 + 0.002. For larger qa”"

JRRREEE
the momentum transfer:dependence of the vector coefficient is
prescribed, being. given by {f;%(qz).- F. n(q l} ," where ’

Fé; and Fch are the-chargerformrfactors~for proton and neutron
respectively° The terms proportiona1~to‘oaﬁ are the’"weah'i B
magnetism" terms of Gell-Mann3), induced by the strong interactions.
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qﬁ[u (1+z-3) g (1 r3 }“N'

is always possible. As
A term of the form (G T, 0oaq, &/2u)

inted out by Gell-Mann3 , such a term modifies the allowed
poin : -
beta spectrum for a 14 —> 04+ transition by a factor (1 + 8a }
where E 1is the electron energy and

a = + I(GB/GA)’

where the + sign holds for electron em1331on, and the - sign

(t +8 )/2#, RGOS

for positron‘emission.A Following Gell-Mann s suggestion,
the existence of such a term has been established by the ceom-
12,
and N decay to the
parison of the beta 'spectra ‘tor- B u)

ground state ofAC, ,as ‘described in Professor wu' 8 1ectures

The particular feature of the CVC hypothesis,is}that~the valuev«‘
of d is prescribed, namely'éie'(up’— T ),:and'the experimental”
data on N 2 and B'2 decay’ does give’ xp/(u- “B, ) = 0,97 % 0.24. “
. The: pion beta decay, :
at -—>-ﬂ + et 4 Vos. R : = (2.7) -
providea another check on the cve hypothesis. ; If the isospin

| current of the pion is included in the above expression for J ’

we have

TVTJ? F R z,y,N (T 371’(0 377 77‘0)-/-... ];’ (28)

from which we can obtain at once “the matrix-elenent for xhe

= process (2.7). : Since the pion beta decay involves very:

small ;momentum. transfer, the matrix-element is-given by:the. -
0 component of the pion current, i.e. pion beta.decay 1is . -

an allowed vector transition, with the matrix element..

V"baﬁnwf-n%a) .Again,- as pointed out by Feenberg and

Primakoffs), the .existence. of the process (2.7). is‘always tc

be expected; ,the:particular,feature of. the QVChhypothesisiis‘kﬂ
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~ito] 358 2 [2) -

where qd denotes the momentum transfer, q pGu

that its matrix-element should have this definite value,
corresponding to a branching ratio 1 .07 x 10 -8 relative to

ﬂ'—%}“, + vu .decay. The experimental values available6)

are in good agreement (within 20,6 accuracy) with this

expectation from the CVC hypothesis°

2.2 The Axial Vector Current and the Goldberger—Treiman

re1ation° ,

The axial. vector: part JA of . the As-O»weak current. is
certainly not- conserved for:the physical particles.;< However,, .. .
the hypothesis that JA is a "partially-conserved current”.:
appears- to work rather'well - a8 we shall. see,.

For. example, consider a transition between two baryon N
states- B——:»Co The matrix-element of the axial vector current

has the general form s o Ty
(CIJAIB) -%{ BC Ta¥5 + Gﬁc 9q Y5 +: G aﬁ % 75 aB (2 9)
o
Now con81der the corresponding matrix-element of aJAVBx

% <°IJAIB) |
{ BC. ("B * “c) *, c ‘1}(“ 75“5)

Clearly, this matrix-element is not idcntically zero' for this"

|

<.?§i‘°>

to be true would require: ch C(0) (MB + M )/h for small q Y
which is certainly not: the case,: ‘The" hypothesis that” JA is
partially conserved" is " the" hypothesis that” the matrix—elements

of dJA/ax ‘do’ approach Zero for sufficiently large momentum

transfer, sufficiently rapidly that ‘an” unsugtracted dispersion-
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relation holds for these matrix—elements.

‘ For the matrix-element
Just considered, this means that the coefficent within the curly

brackets of (2./0) B
»': %
G%BC wfv”h‘ J/\ Fﬁr) de-?
M -f-MC Gp T T———— :
(O (g ) = o 9_,,2"

The sum on_ the right-hand side of this dispersion relation is

==/,

is given by the expression

(2 11)

s

over the contributions from intermediate states with B = 0,:’N

and spin-parity (0-). The state of lowest mass corresponds to-

one—pion-exchange,fas depicted in Fig.ib,~and~this'gives~rise to -
the isolated pole term of (2. 11) - The coefficient ) éb is )

defined in terms of the pion decay amplitude,

s e

M(T—J’ l”) ﬂv Ibmz C v, (/.,.X)[) ﬁ | (21 2a)
'/:;zy @ (F0-032), “ ey

‘and is directly related withfthe plon lifetime, :
Mlrsty) = (2 /o0) mo (i), e

IR

a poc denotes the pseudoscalar. coupling constant for:the-interaétion
w

C—mwa+ B, The remaining :terms: correspond to. intermediate states

including three or more pions.{ Thus, the function considered has

a pole of known residue at 7 ’i, and a branch cut along the “

[CET SN

9m o P e ST Gk

FE

positive Treal’ qz-axis, ‘from - q

2 O the region of physical interest ror the decay

) Near q

Procosses to be considered the pole term is very much closer than
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-that due to the branch cut, 50 that the latter contribution may

be regarded as a background term. Evaluating (2 11) at q2 0, k
’we have ‘ ‘ - . kA. i,

~-Glo ('"3""%) G.Bc (/% ). (213)
For 4 0, this is: the’ Goldberger-Treiman relation7) Tts

validity depends both on the hypothesis of partial conservation,

and on the dominance of the pole term over the background from o

the- higher-mass contributions.v:'
n;'Forynuclear-betafdecay, wefthenfhave;
. —m; =

For this case, all of the coupling parameters are known, 80 that-

.the value of 15 can be deduced. Witn GB/G =1, 15 f 0. 05&)

Eq (2 1&) gives (1 +1f)

term is of order 10/0.

0.86 % 0.04, so that the background

The pseudoscalar coefficient GP can then be obtained by
evaluating (2. 11) at some point q qb 0. Equivalently, we may
;differentiate both sides rof. (2 11) with respect:to q2 and equate

-the -two derivatives at q2 - 0, witn the result -

‘G (O)P(%ME)

factor, and the background term has been written as

-' ﬂBC ngv{kg 3 g}(q?/m ) +?’l

180

Gy

A Ba () e

GO = G b, >

where R denotes the r.m.s8. radius for the axial vector form iﬁ]x;ff

] . '. We note that the amplitude :

{f of the:background term does not appear in'thispexpression
(2.15); only the slope é}of the background term appears. It
is reasonable to expect 29 to have a value of order 59,u1f(mﬂ/m)

< 6?/9, where m corresponds to. the mass region from which thef'
integral of expression (2./ ) along the branch cut Oﬂ>9m
derives its major contribution.

Thus, the Goldberger-Treiman relation between ch and

Grpe?

G’Bﬁ@)/c;ﬁc“ = —,,v_/;‘r,,/(ﬂfﬁm’c), | 7 (2.16)

is not exact. 1Its validity depends on ‘the importance of the
background term 13 relative to the one-pion—pole contribution.
It is difficult to give an estimate of 'é;

é since there are ‘
no known mesonic resonant states with the quantum numbers (0 ),’
G = —1, I ; 1, which could dominate the background integral.
Later, wevshall discuss the use of the Goldberger-Treiman '
relation to connect the weak and strong interaction coupling
constants. It will then be important to remember that the .
corresponding value for é;c‘may not always be;as small,as.the

value‘known for’é;N

2.3 _3-A Beta Decay. .
First.we discuss the theoretical expectations for these

Drocesses, . - . .
(2.17a)

2= AN+e + %,
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+ - b

ST N retsy, (2.170)

With ‘the CVC hypothesis, as discussed by Cabibbo and Gattoa)
and by Cabibbo and, Franz/n/éu :
Jthe vector weak current generates the. matrix-element
v, . T (2.18
<A/T /z> (V(fu{, +L{4/c§67’3 ~Meyg,). 8
‘The current conservation condition'gives at»once, -
: 2(<4N';V/2> = V(f/(/’h—Mz) + Ma*) 3* = o. (2.19)

'Further, identifi cation of Jzywith the isospin current gives

the result ) ’ ;
l/(o):_—_-: ol L o _ - (2.20)
since the isospin current is necessarily diagonal in the

particle fields and does not include any ZA term. ‘We may then

- write v(q ) = v1(q )q /e, with N(q? o= v1(q ) (M- M, ) /M,
Finally,rthe coefficient L(O) is directly related ‘with the =A

transition magnetic moment y L(O) = uzA/(M + M ) Since’tne

* With unitary symmetry, Coleman and Glashow 0)'obta:lnedthe

result’ “ZA (Jﬁ/2)un, where By denotes the neutron magnetic'
moment, . This value corresponds to a ‘lifetime. of 2 6 x 10 =19
sec. for the transition 2-—>A + Yo Unitary symmetry also
predicts V(q ) = ~q Rn/6 + eos for small q2, where R

“denotes the charge radiusffor~the neutron, known to be very

small (R _,(oio 08 ) x 10 ~13¢n] ))

moméntum,transfers,of interest are relatively small (q<80 MeV/c),

1182

the contribution of the vector current to these decay rates is

expected to be rather small.

The matrix-element of JA is dominated by GEAT 75; where the
relation (2 13) gives . '

GA __ G h e €20)

2A ﬁ27+”h

(é;zij

& Nothing is known atout 1£2A so it is usuallywneglected,
With this value (2.21),'the_rates expected are - ‘

(&G ) ) = B3 G o)) (3200
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N = : i 2 : : thevN - resonance at Q(-rrN) 160 Mev it is necessary that the
(ZAe )/-tot-(Z ) O4 x /0 (GH‘ZA /G;rlwv). (2.22v) and 3/2 ! .
’ attractive interactions in the wA and 1rN systems should have

Thebranching ratio expected for »* ~decay 1is about four times comparable strength, WhiCh requires that , EA/G , should be’

ti
smaller then that for &~ decay both because of the smaller energy comnarable With unity. Alternatively’ in the relativis ic

16)
‘ tr h
release in s*—> A decay, the final phase space being 60% of Chew—Low theory of the P;’ decuplet in un1tary symme y 7, the

t t t
.that for the % > A decay, and because of the shorter lifetime attraction in the /33/ state ‘is strongest for the decuple sta e,

f (s - t possibl the
for n¥ decay, rtot(z"')/rtot(z ) being about 2. The strength . relatlve to all other unitary multiplets (excep pos y

‘of the coupling constant Gﬁm is believed to be comparable unitary singlet) for values of the mixing coefficient f (cfc

with G .o, from the following arguments: ‘ Sec. 3 6 below), which occurs in the expression for the meson-

1' N
baryon coupling, in the neighbourhood of f = -E. Since G A,/

‘ : ' ' § . - = a sit ation that
1s° AN interaction. These interactions are both due dominantly - = 2(1 f)/"b’ and 22/ 2f’ the observe u

the decuplet resonance does lie lowest again requires GTrZA/G NN ~ 1

(1) the comparison of the 1So AA interaction_ with the

to two-pion exchange, whose contribution is "proportional to

ﬂm)h for the AA system, and to (G1TEA ‘ITNN)Z for the AN system, and a. 2/ /2- In fact the 0310‘1131510113 f°1‘ f /u give a
so that a direct comparison of the interaction s}trengths1 2-14) ETr/A‘lr ratio of about 9,6 . larger than the observed ratio of )
gives a rough measure of the ratio G /G , with the result _—— 2*20/ 17) A smaller value for f, in the range 0 < f < /u ’

/G1TNN ~1,. Also, for such a value of G EA? the absolute ‘ _A ’ would reduce this discrepancy- - . . S 8)
strength of the S AN potential is in good accord with the o ' The branching ratios observed by Burnsteintet alor Ty .
experimental evidence, for a reasonable value of the hard-core o ‘ /"(2;‘8)/ (Z') - (0‘,751.0,23) x /O'f G (?¢23a)
radius 5) : ’ ‘ D R R P T DR PR S ST G LI sl

(11) for the mA system, the Y1 (1385) resonance is the analogue ' F(Zﬂt)/{,:t(2+} =(056r0-35) X ’0—47 , (/"2923"13').
of the N7 (1238) resonance in the 'b state of the 1rN system. ' are in reasonable agreement with the expectation.(2.22), in view: _
The' branching ratio Zm/Aw for Y1 (1385) decay is unexpectedly +0f the .uncertainties:in the use of the Goldberger-Treiman relation.

. ,low[ which: appears as an indication that . the coupling constant * The momentum distributipn of the recoil A particles. (measured
G,"zz is small relative to Gpsp ‘and that the resonance state 18 " in the X rest frame) has also been obtained by Burnstein et. al.
dominantly in"the mA channel. ' Then, in order that this corres- for 19 Z;'\.é‘/_»\events, as shown in Pig.2. In par't,'this
pondence should hold between the Y1 resonance at Q(‘ITA) = 130 MeV spectrum reflects the form of the electron-neutrino angular
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correlation- since the spectrum is plotted as function of Fh’
the phase space factor approaches zero like pA’ for small IbA

o

The curve V shown on Fig. 2 gives the spectral shape expected o
for an allowed vector interaction, i.e. with a non-ze;:??or theQ!
coefficient V(O), and its strong vanishing at ﬁh = O reflects 1;
the e-v. correlation form (4 + cos 6 ) appropriate to an § o
allowed vector interaction' fﬁks vanishes ror fh = O since

the electron and neutrino then necessarily have opposite N
directions and cos 6 , 71. The observed distribution gives fj
a poor fit to the curve V.‘: With Vﬂv 0, as expected from o

the CVC hypothesis, the recoil spectrum will be correspondingly

peaked still more strongly towards the upper‘end. The curve
A gives the expected distribution for an allowed axial vector
'transition, for which the ev’ angular correlation has essentially

‘the form (1 3 ‘cos 6 ) ‘and’ 1eads to the fall-off in the,t‘:“"ﬁﬁ'

spectrum at the uPper end. This is the distribution expectedgﬁl
according to the above considerations and it provides a”gdéa fit’
to the limited data available. o " ’
Observations on the longitudinal polarization of the recoil
A particles would give the most direct evidence on the form and
magnitude of the vector part of the EA beta interaction, since '
this’ polarization“depends<on the VAA“interference.*“ However, a— "™
. large increase 'in statistics will.be'requiredfforTanfinvestiéation

“‘ofithis effect: ™+
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5. The Strangeness-changing Leptonic Decay Processes.
The decay. processes available for discussion are.the léptonic-

modes of K-meson decay,’ R
(1) the Kp, mode, : K-—>»£)2,
(11) the kzs modes, k—;1d52,'
(G11) she Ty motse,  momiyy,
and the~1eptonic'modes of hyperon'decay;'s~¢

(1) %+p+£ Vs T e r(Lﬂ’

(1) E,-Nni Y. By
(iii)_l—>A+£ +v£ (303)

The absence of evidence ‘for the mode 2 -4» n + l& + vé ié‘aiéa“

‘particular significance.‘f" e

The general properties observed for these modes,‘and hence

for the strangeness-changing weak interaction current S , are as

rollows-
-1+ &Y = *{only, where Y .denotes.the hypercharge. of the, ..
strongly interacting particles, :There is no evidence for .

AY = %2 transitions.with strength]comparable to those for the. ..

o AY = transitions,’especiallywnot for¢the~mode_537—>-n‘+.Z? + ieo

2° ‘AIV holds ror the relationship between the initial and

ol

”final isospins for the strongly interacting particles in these,;
processes.,; AT = § necessarily holds for KZZ decay, for the ‘

Ag decay (3-1) , and for the —zdecay (3 3), for the 23 decay -

187



. . . Py * S - RN Lo . F .
(3.2), this rule provides no restriction. ~ The tests available

* For the inverse antineutrino-induced reactions,'
;/Z"F /)‘>/£+ +2°,

§£+‘{;——>’.{++E',’,

the AI = % rule does require the cross-section ratic 29/2- = B

therefore come essentially from the study of :the Kﬁ} mode, as ..
will be discussed in Sec. 3.1. The'implications for the th

mode will be discussed briefly in. Sec. 3 5.

’ 3. AY/AQ = +1 holds. A AY/AQ —‘—1 current would allow
the decay processes = —a-nv£+ nd K —a-w w e Ve’ for which there
is no strong evidence. In the work of Burnstein et al 18) :the
ratios (2+/2 ) = 0/22 and ze/z k= 0/52 were obtained, for o
corresponding decay configurations;:such as to avoid identification
;biases. Nauenberg et al 19) have reported one possible example
of the 2 mode (to be compared with 16 examples of the 2 mode),
and BarkasZo) has reported one possible exanmple of the 2 mode.

For the k' b processes, Birge ‘et al. 21). have found no examples of
the ‘AY/AQ = =1 mode Kt e v e ve, compared with the observation
S of 75 K+41f+1r.e+ve events satisfying the AY/AQ = +1 rule. ~There
:is also evidence on the AY/AQ -1 rule from the study of the Kl}

mode for neutral K—mesons, since the interactions K —9—ﬂw4-‘£ and

K —e»v.ﬂ+vg could occur if the AY/AQ +1 rule were violated. A:
Although some earlier evidence suggesting the violation of the,
AY/AQ +1 rule was reported the most detailed evidence available

.

now on the decay of neutral K mesons22’23) is - completely consistent
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with the absence of AY/AQ = ~1 transitions. However, all ‘these - -

data would also be consistent with the presence.of 'a small

AY/AQ = -1 amplitude, of order lessrthan 2036 of the AY/AQ =

amplitude. Since this AY/AQ = ~1 amplitude is not required by

the data, we shall assume that AY/AQ = -1 transitions are com- =

pletely absent. gt o
These selection rules, and the seléction rule AT = 1 for

AY

AQ

with the quantum numbers for the charged members of a unitary

0, for the leptonic decay modes (for which'necessarily'

1 for the‘strongly-interacting'particlés)'fun’pgraliei S

octet, and would therefore follow naturally from the hypothesis
that the currentst ,vS"are themselves members of'awunitary'“j
octet of weak interaction currents. - *This hypothesis, which

has been considered especially by Cabibbozu), will be considered
in detail below,.in Secs. 3.2 and 3.6.:

3.7 The ;uf—_-“% Rule for Ky Decay.

" The test of the AI'= '} Tule for the weak current’s which
is possible at presént’ involves the comparison of the decay inter- -
actions for the processes, o '

k-f-_> -”-o+ _£ PERNE foo T (3aka)
K0 = .7r"+ £t +:iz e e s’if S (3um)

and for the corresponding antiparticle decay processes. . ﬁlthtthe
A < .
Y/8Q'= 41 rule, and with CP- invariance, the information on the(

n
eutral K-decays is essentially contained in the information on

189



the KZ decay processes, . .

Ky > T LT

» The transition K—sm . is 1limited to the isospin changes
AI = % and AI = 4, with o1, =-~~;-.

thegmost convenient way to calculate the decay. amplitudes
corresponding to these iscspin>changes,is:topuse;the spurion
procedure, and to consider the processes K—s»m + sp(I), with
I=%and$ in turn.  The Clebsch-Gordsn coefficients . ’
appropriate to these transitions .are. as follows-

KSmoeipd) cCirdsidomd) = —/(/3)
K°—> rr+ y:(Q) ‘4".:;:31‘:6(.2 i +4)- n/@/a)
Kt T4 93 it 44 4okd) = o)
KT v p0d) - clrksiigrird) = )

Ir we introduce amplitudes A1, A3, characteristic of the AI. ;

and AI 2 transitions respectively, then the .matrix-elements..

become . . - et e e e
(kY zroe+y) = A+ B, (3.62) -
BT kol T;Z+ ) = ‘/33-14 + /éL Aé- (3°6b)"’;

Assuming cp invariance, we have also that . o ) o

(k/rr*é ve) -—(ko/nl*l) ___7/3,4 + /3 SUEEV (3,74),:,?:.;,_.
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(3.5a) ~~

2
ey e

For the Kg state actually studied, we have"

K = (ko R, <3.’é)

* Note that here the following sign conventions have been used:
ck® = K° , and PK° K°. "It is convenient toiadopt~the parity
-1 for the K-meson sincevit-beIOngs to the same unitary -
multiplet as the and 1 mesons}'whichihave‘psrity -1 T We'
recall that the KA parity has been establ'ished’ to be =1, so
that this convention assigns parity;+1_to the A hyperon, which -
is also appropriate since the A particle‘bElongs”to‘the same

:,unitary multiplet as' the nucleons. With these conventions,
the state (3;8) is an eigenstate of CP, with CP = -1, the

eigenvalue physically appropriate for the Kg meson.

80 that

(Cintry) = (ITEY) = by + Vb, (3
.»;;(k(’/’r*[’"'e): (Ka/ﬁl %)= /”f"'/s"a- S (Buo)

If the AT = 15 rule holds, then 4y = o, and the K"' and K2
decay rates’ satisfy o :

, Rt = 02/_'?2), o 3a0)
where rz(,é ) denotes the total rate for K2 decay into leptons

£ and T C&) is the decay rate for: K —,-wa+2’.-’ In this case,

the decay spectra for*!ez—d-eoay—speeﬂae- for K2—>1rlv ., and

. .
by ‘ﬁ»ﬂ 4? J are expected to be identical, ‘and the data available

26)

on the K2 decay Bpectre25) and the K decay spectra are‘quite

cOnBistent with this expectation.

PORN

Including the possibility of a AI = transition, and assuming
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that the spin and momentum dependences of A, and A3 are essentially>

the same, the relationship between these decay rates is given by

P(li /F*(l/ = [(4,1- /"43 )/(4, z 43)/

; The experimental situation is

(3.11)

First, we consider rﬂﬂ@
that the K branchingcratiosbare\really not so well known for
" the Kés_modes asuqmehwould reasonably. expect at this stage in
K meson physics. vThe3K;3-and’K;B,branching ratios obtained

from emulsion data and from the. xenon bubble chamber are as follows:

i

Xenon bubble. chamber (ref.27). Emulsion data..

‘Kyz 3.0 t1.0% 2.8 ¥ 0.4%  (ref. 29).
2.8.% 1.0% (rer..29)
L ... 5.9%1.3%. (rer. 3p)
Ky~ b6 Tos% 3213 (rer. 29)
' 5.1 2 1.3%  (rer. 3o)j"

The KuB/K+ ratio obtained from the xenon chamber 18 O. 65 % 0 2.
This is compatible With the u/e ratio of 0.73 +.0.15 obtained by
Luers et a1.25) for K2 decay. Since these ratios are in agreement,
as expected ‘we shall compare the total leptonic rates for K and_‘p
xz\decay. From the known value of the K+ 1ifetime, and the ' -

branching .- ratios from the xenon chamber,‘wevhave

"/77// (0-062 x* a 009) X /o sec” (3 12)

For P2('£ ), there are two independent determinationB,A‘ First,
we shall discuss an indirect method based on quite a substantial
amount of data° This depende on three iteme of input data' :t
(i)qtheyhgcliretime.’” A Brookhaven group31) has recently ‘made anw
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accurate determination of the Kg decay rate, in,agreement with all

(18,5  2,0) x 106sec
(11) the ratio r (000)/r2(charged) for K2 decay, where r2(ooo)

earlier and leas accurate values, giving P2

denotes the rate for the mode K2v->3w . )
obtained the_valueﬁQ.ZA: O 08 for this ratio, by counting internal
pairs from the np—ﬂry + e = e_'decay of pions reaulting from
K2—9-3w decay, in a cloud chamber exposed to a K2 beam. ) They

assume, a8 appears reasonable, that all Y. rays from neutral modes

Mo
of K2 decay arise from the 3w . mode, for example ‘that the K2-9Y + {?

is insignificant relative to the 3w mode. Here we shall asaume

that the neutral modes of K2 decay are strongly dominated by thev

3n° decay modeu}nlvw»i i . e
(iii) the branching ratio r2(+-o)/r (charged) for K2 decay, where“‘
r2(+—o) denotee the decay rate for K -ﬁ>ﬂ w n?.,A Three values are

available for this ratio-} Luers et a1. ?) have obtained the value

057 3 o. 03, Astier et a1.33) have obtained 0.185 * 0. 035, and

Anikina et al.?e) have obtatned 0. m
0.165 ¢

0 05° : We shall adopt

.02 as a reasonable weighted average.

-Prom these values, We obtain :

/_'(d'av;ed,)//" 7/(/..7410 ‘08)y ; ;
/7(£ ),/77(tﬁargeu9

With the above value for r2, these ratios lead to the estimate

(- o /55-;&0.02 ) = ‘0'83‘5-} 'b-‘bé .“ -

=+ .
P[l (0 /:25.1&00/7) x/o &c” (3.13)
Th V |
15 result is in good agreement with .the expectation I's f*) =
0.1
,( 2“ t 0.018) x 108Bec -1 obtainea from (3.12) and the AI = % rule.
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Ardkina et al.iz) have; ]
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A atrect deternination of T,( /%) has been made by Alexander
k‘et a1°3u) /with considerably less statistical accuracy.' Their T
experiment used K mesons produced in “the reaction T o+ p-e»A + K
For those production events for which the ‘A particle was observed,
the number of K2 mesons’ produced is known, ‘and the velocity and
direction of ‘each’ K2 is known from the production kinematics. o
Then,’ the number of leptonic decay events along these K2 paths” 'ih
s counted-' ‘since the individual velocities are known, the
total time (measured in" the K2 rest frame) corresponding to this;fﬂ
path length is’ known,'and 80 the decqr ratc r2 .&*) may pe
determined absolutely. The value ‘obtained was (o 093 0. 025)

6 -1 the abore : . J?t o
x 10 sec , which is in satisfactory accord witn(egﬁectation )

from the AI = ".z rule.
Very recently, Aubert et a1.79) have made a direct determination
of - f1(e—) along ‘the same lines, based on the observation ‘of (K2)e3
“decay events in a heavy liquid chamber, with the result /w(e—) P
(7.58 +4.3) x 0% sec™’.  Since the k' % branching. ratio is RS

, especially well known from the xenon chamber studies, it is

PR e

convenient to compare: f’(e—) directly with the Ke3 decay " ‘rate,?

irfte) = (3.84 % 0.25):x 106 sec”!. o This ratio /1(e—)/F+(e)-f'

2 !tule :

for the Ke3 processes.

194

We may noin that ‘quite a small value for A3 can cause a
considerable deviation from the prediction rz(lr) r*({)
For small A3, this x;'tio is given by 2{1 + 3J2A /A, + } |
A 2596 deviation fromZAI }é prediction only requires A3/A ~4,17,

2 interaction. Hence, the
Neak

agreement found implies a strong dominance of the{K-ﬁ»ﬁ-transi-

i.e. about 5/0 ad.mixture of Al =
tion by a AI = % interaction.

3.2 The Octet Hypothesis of Cabibbo>T). . -

As mentioned above, it is an attractive hypotheSis that® the
weak interactionfcurrents J,-and 8 are nembers of a unitary-octet
of currents. »The«essential implication of this hypothesis-is that, ..
for different leptonic decay transitions,. the matrix—elementS~would‘,y
be related by the same Clebsch—Gordan coefficients;as;would.the,,
corresponding members,of the octet. It iS'usefuikto refer to:the.
pseudoscalar:meson:-octet, whose elements are'éiven by~the;(1,1)i,
traceless:tensor,us (with i;3J =-1,2,3) and which may be:conveniently .

arranged’ in a matrix.form:

wi= [wEw T KN
T wle X

frrr oo _ . = . 2y

AT K A kmlt*' w j'wg R

in which the lower index refers’ to the?row; and the upper index
r;fers tozthe:column,Vor.this;matrix.?ggThuseuf,denotes;v*,zand5”,
M3 denoteszxf:: “The_three axes\bigspare;suchf;that the 1-axis: is -
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* It is frequently convenient to recall the now—obsolete Sakata h
model, according to which there were three bas1c baryonic o
fields associated with these three axes, and having the same ;\
quantum numbersasp,r',l’\.» ﬂv In this model axis 1 was associated
with Yq = p, axis 24was associated with }02:: n, and axis 3

was associated with 'Vz = A.

associated with charge (+ for a suffix, - for a superfix position),
and the 3-axis;is,associated,withshypercharge_(é,for a suffix, + for

a BUPEPfix position). ... . ... 0

*The* hypothesis is then" that™ the currents” J s S are members
of  an“octetof weak currents (J )‘g‘whose transformation properties ko
under” the operations of ‘unitary symmetry are- the same: as those
for the" members ‘of ' the:meson: octet: M;.,qus far as~the leptonic decay,

modes ‘are’ concerned, only’ the currents:Jf and'J?,ﬂwhich'transform,r;y;

like «* and’' KYirespectively, are of interest (for the-antileptonic::::
modes,ﬁit’is»the‘currents’J;%andiJ;’which'transformilike:ﬁfﬁand-Kfrv?f
Lrespectively, which are physically relevant)a¥~ In:order to:givesrore
an explicit’ example, consider the Sakata model based on the three
fields W& = (p,n ,A), for this model, possible forms for these

_ primary weak currents would be"

I, = "(;1)a = Ty (1 + T5)Ps f, E (3.13a)
'sai: = (J1) =,f-,KYu,~(-1w+L Y5)pf N R (3°13b.) i

Although this Sakata model is not.compatible:with. the: facts.of. e

strong- interaction physics;: analogous forms for J, and Sa'are ffﬁ#u‘;f‘
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" weak currents in the octet (J ) which lead to AY

wis about 0.8 x 10 3, compared with the expectation 1 5 x 10

_ for n—->pvee . Similarly, for K —>uv
"“1s ‘comparable with' that for~w:+-uv

.release isvvery much larger::

”’hthe currents (Ji)

appropriate possibilities in any triplet model (e.g. for the
quark model of Gell-MannBS) based on‘three B = % spinor fields
10 = (d ,d_,s)) of unitary symmetry. S '
With this octet hypothesis, the observed selection rules_
then follow as consequences° ‘ i ‘

(1) 8, =

with AQ

(JB) has the properties ]AII = 1 and AY =’ —i,

—1. The hermitian conjugate current S* (J3)
leads to AY = +1, with 4 = .', Thus the strangeness-“
changing current satisfies AY/AQ ," Also there are no
i ﬁw-dY—
(ii) J = (J ) is an isospin vector, 80 leads to {AII [é

as required.

“‘However, the rate,observed'for AY = fidecays{is slowerfthan

expected: from: the:AY: = o-leptonic'interactions ‘by-about-a-; =

factor 20. ~For example, the branching ratio -for Aaqbv e”
2 i

for a beta interaction with the same form and strength as

" decay, the lifetime

M decay,»although the energy

‘The complete weak current is some linear combination of

it 1s not apparent that ‘all of these'“

“currents should appear with the same strength.“_‘As far as

the currents appropriate to 1eptonic decays are concerned,

.o 2
..Cabbibbo L) has adopted a parametrization in terms of an angle
-9, such_that

197



(3 14)

adw = e JQL * &mé(J' )q,‘

To adopt this form assumes that the same value of e holds for the

vector and axial vector parts of 0! ! and this is not obvious a

prioria However with the forms (3 13) of the triplet models

for unitary symmetry, this would appear a rather natural
aseumption- also, as we shall see below, this assumption is
well in accord with the experimental data. .
Consider first the K—eblv and wﬁ>l$ decay modes° ‘ Since
) these transitions are 0—-€>0+ for the strongly-interacting
particles, they are induced only by the axial vector component

6§A, For the K-meson decay, the matrix-element is .‘

a B

M(K»{)é) <o{f’4 k+> ) {.(3315)
Since’the:only:vector available-in-the matrix-clement:s;,-;,,
<0’ﬁ ,K+> is* pKar_ pla' +5Pp 0.’ it- may ‘be: written R

A i - e St @ :

<O } k+ kt’v Pk« (3.16)

Using (3 1u), this may be written ’ _ |
. S i A + . .

Kl lbk <°/(T el Ik > SInB (3417)

since only the. component J3 has the:correct.guantim numbers:to

give-a~non-zero matrix-element.:‘ For.the.process.v-e>uv, we

have -again. the, same : .form - (3 ,16) with F KLy replaced by Fogyr where

,, rrlu 'bmx = <° 04 /r*> T

Since Jf transforms like %, and J? like K*, the assumption ‘of

L ‘?;’5:;(3,18)
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nfor the angle 6 appropriate .%o ‘the axial -vector .eurrent (}ZA‘

\fOP the “Processes: s n® et 4y

'current.

unitary symmetry implies that
<o e 3) /K+>

@l =

With exact unitary symmetry, the o and K* masses are equal, and
carel
therefore alsd/the momenta pKa, Pra

(19)

appropriate to K.+ and w

decay° It then follows ‘that, with unitary symmetry, [ and
F wlv are directly related B
m //: = ,me. (3.20)

Finally, using expression (2. /3), the ratio of decay rates is.

given by
Ikt m) My (1 mE jm2
M z‘an’e-_’i(__‘ “/*/”‘k), (3.21)
‘ [ (rt— ,«v) My (1= m / 2y
, Using the k* 12 branching ratio from the xenon bubble chamber26)
and the known K* and " lifetimes, this ratio leads to the -

estimate36)

6 = '.266 * 0005 (3.22)

a-

Next Cabbibo considers the comparison between the decay rates

0 +
e and Kt 61}’ + ety ve'

Since these transitions involved- 0- -9-0- for ‘the strongly-

i .
nteracting particles, i.e. they e pure Fermi transitions, they :

‘are. due on1 A
y to the vector component o of the weak interaction

£y

W" kn°’” already (cf. ‘Bec. 2.1) that the 48 = O

transit :
ion ﬂ'-epﬂ- is induced by a weak current which is proportional

.;to th
, e. 18°Bpin current and " the CVC hypothesis gives us the form and

T
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value of 1its matrix—element-

M(r— m°etn) = /—GF (B8, Yeu .

However, in terms of the weak current (S.Ay )y

(3.23)
this matrix- o

element also has the form

14 i
AP T - <G, e
from which we conclude that
(” (7) |7y = Clth), (3.25)
where ' ‘ ' 25
C = @G! cos 6. (3:26)"
Theimatrix—element for'sztdecay is then, similarly,
RN o 4V ,
MK moety) = <T /0@ /'l<*> 7;0(
(3.27):

)

<”'°/CTS)VI +> sin® Jou.

In the limit of exact unitary symmetry (cf, SGCo 3.3 below), t

K_>1r matrix—element ‘mist have the same form’ as the w—=>mw matrix-

.element, apart from.a Clebsch-Gordan coefficient. Using  the

(anf‘lsymmei‘ﬂc)

F- type‘coefficients given -in the tables published ty

de Sw

Cwe have

In cons1dering these matrix-elements, it is convenient to o
pesitively) -~ m the ri e

take the hargedmesonlto tﬁé left of’the matrix-element

tively e
Aféhargedmeson)
'ﬂ'K °

%

(in which case it becomes the corresponding
'~ and to consider the transitions (J1) ﬂpﬂ ,'andA(J )
Since w and K belong u>thesame0ctet, and since they are

necessarily in a relative p-wave (J is a vector interaction),
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a,tsz)

{18 not completely clear.

Bose statistics ,f§QU1P¢8 that they be in an _odd state as far .

as the interchange of their SU, Wavefunction .is concerned, .. .

This excludes the D-type coupling (which is even for inter- . .

change of the:-two octets being combined), and allows only the :

F-tvpeuseuplihs-.,qns e i S e e e s

<7T (]‘3 K+> = -LC (p++,;o)q. . -::,w.‘—,.

Starting with the matrix—element (3 25) known from theycuc

(3 28)

hypothesis (the experimental branchiné ratio for pion beta decay

is compatible with this matrix—element"bu e accuracy of the

experimental value ie only about 20/5), the Ke} decay rate canﬂ.a,

1354 o
SRRt R

be calculated, apart from a factor tan e from the matrix-element
(3.28). 26) o

From the observed K"'3 branching ratio and the K
1ifetime, a value for tan e is thus obtained, giving‘f e

‘9V = .,24/ :t o ooé’ I

S sy e B e e

B3

for the vector current j_xo e e
These two values, @y and 8,, for the vector and axial-vector
parts ofoﬂare in quite remarkable agreement. The errors. .

quoted arise essentially from the uncertainties in. the K branching

ratios. . The small, difference betwsen 6y and @, can readily be -
attributed.to theaeffect,of.deviations from unitarr”symnetrr;.:irf
since these can certainly. cause appreciable and different modifi-
cations to eA and e -from the values they would have if unitary
Symmetry were exact for the etrong interactions.

The significance of the particular combination (J1 ‘cos @ +- J? 8

S8pace with axes 1,2,3) were rotated by angle e about the 1—axis,

201

R A T (3°29) ot

Bt

iy

in 6)
If the su3 axes (in the three-dimensional



this’form'would transfdrm to the simple form Jf . where ‘2’

denotes the new position ‘of - the 2-axis. ““With exact unitary
ymmetry, ‘the” strong interactions would give no means for
distinguishing any particular get of axes in the 803 space.”“”**

However, in fact, we know that. there are medium-strong inter-T’f

actions which break the symmetry in such a way as to separate

states of different hypercharge and total isospin, by distinguish- '
ing a special axis in this space to be the 3-axis, but still T

leaving no means to distinguish the 1-and 2—axes° Next the

electromagnetic interactions define electric charge,and the‘zﬁ'fi

o P

‘property of charge then allows a unique definition of the 1—axis"
o ST i 2. =thgtther
in the 803 space, thus fixing also the 2-axis. It appears weak

Ve oo
interactions discussed/choose to pick out a 2'—axis in the 1-2

'plane which is skew to the 2-axis by an angle 6, rather than R
to favor the 2-axis itself. There is not yet any natural

theoretical interpretation for this gituation. -

“ Cabibbo has suggested that an appropriate form of the =~

hypothesis”offa”universal'strength for the weak interactions = 7

would ‘be the hypothesis of equality for the coupling strength Gﬁ’ £

for” the u-e decay interaction (1 1) and ‘the coupling strength Q-

el } T+ he }

GZ /R Ry S

The coupling coefficient G is. given by - , ‘W,‘,@y,,._au
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and has the value (1,011t .0.003) Gy, rather close to the value.

:required'by'this modifiedshypothesis;vr Since ‘the strong inter-

actions can give risevto.a renormalization of G, and since G and
Gu'are not connected,by~anyfconservation law,,there)is no rigorous.
argument requiring equality for-G and Gu,~even»if*there were.:

some synmetry principle requiring G ‘and Gu to:be equal in. the
primary weak interactions  when all strong interactions are -

turned off. Nevertheless, G and G, are indeed remarkably’

1!
close, and it is entirely possible that the deviation between

them may be ‘due to the modification of the strangeness—changing

" currents due to- the effects of symmetry—breaking strong inter-

actions. ‘Sakura137)5hasfpointedfout“that the weak K-r vertex
due»tovthe strangenessechangingivector interactiontis closely .=
related with the vertex K*—>K +:mw for the decay:ofitheivector:ﬁ
meson K*, the weak mw-m vertex being related*in'a‘similarfway o
with the verten {Fﬁi>ﬂ +. m “for the decay of the vector meson P ’
and has attempted to relate the renormalization factor for

these weak vertices with the widths of the corresponding vector.

meson decays° Since the K"l width (50 MeV) is about 50,6 larger

than expected, on. the basis of unitary symmetry and the known P

width (100 MeV), Sakurai concludes that the renormalization

effects associated with symmetry-breaking interactions may

enhance the weak K-v vertex by about 50%, relative to the weak

-1 vertex. This would mean that the value observed for e is}

Vv

‘.1
) arger by 2596 than the true value appropriate to exact unitary»

'Bymmetry, ‘the valde which would be' obtained 1if; the symmetry-i

b
reaking interactions could be turned off. With 6 reduced
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to-0.19, as. a result, the value obtained for G from»(3,31)

~“would be in-good accord: with Gu.- Although Sakurai's argument. .

ig far.from rigorous, the correspondence between the weak K-

’.vertex and the strong K*—a»K»+~w vertex being far.from complete,
“this argument does serve to illustrate rather well the possible.
influence of the unitary symmetry-breaking interactions on the .

relationships;implied by unitary sgmmetry:models between the

weak interaction processes.

l ]_ 3 3 The Structure of the K Interaction.

< In the decay process K-e»nwev , there are two momenta, -
andlpﬂ, characterizing thefstrongly-interacting~particles.g;,

D
K -
The general"form<possib1e for the K-nwmatrix-element in this .. ..

decay is. thcrcfore»
4
A k> =

where q = PK
With time—reversal invarumce, the form factors f (q ) are realo

i ﬁ(‘f/(f’kﬂir)« ot fff/ (ﬁk—nr),(} (550

P denotes the momentum transfer to the 1eptons.f

The decay spectrum corresponding to this matrix-element has
been given in many forms in the literature' in practice, ihé‘”
most convenient form is given in terms of the pion momentum P

(the corresponding energy being E = {h + P :}?) and the angle?”

e between the pion and 1epton d1rections, all specified in thedv

rest frame of the K-meson~f
P2(”5<+7’5r"'"1£ "'37";\’5) ﬁ % i + ﬁ-(m +E—R:os&)+ i(m —~&. +P@50]]dpd(as9
E(m —E+P 0) o @.33)
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In these variables, the momentum transfer is given by
2 r's \ 7 o
— — 2
(’Dk ) = M '/'"Sr.k""?”lké\; - (3.34)
a function only of the pion energy. ' '

The situat
' ation is simplest for Ke3 decay, since the term'

proportional to f_in the'decay interaction reduces to

LUl = #2(36-92), G

Iwhich may be neglected relative to the f+ term, for the electron

v decay mode. As is apparent in the differentiaL probability

in the limit - mp =0,
(3.33),]the Ke3 spectrum thus involves only the form function

2
£,(a%). : ,
The Ke3 spectrum has been studied by Luers et al;25) for

o .- . .

) K2.decay,in.a hydrogen bubble'chamber, and by Roe et a1.38) for\

e ® . :

3 K" decay in a xenon chamber. - In’ the work of Luers et al the
oy

»complete decay configuration (i.e. the direction and momenta of

both pion and electron) is determined although there is sometimes

a two—fold ambiguity in the analysis of the configuration.

CAlt
hough the K2 direction is known a priori, its momentum is

known on1y to lie within certain broad 1imits- however the -
?

e
ffect of these ambiguities can be taken into account in the

'co
| mparison with theory, In the K+ study, the direction of the

ele
ctron can be determined and the directions of the two y—rays

resulti
ng from the 1r-—>-f + 7 decay in the chamber are observed.

Since between the tw -
the distribution Jé(e .P) of the angle e: Ykigain%%fiegg%‘m’

‘given ¢°
u momentum P, the form of the function f (E) can be

determi
) ned by comparing the observed e distribution with the -
istrip
ution obtained by integrating (3 33) over © and folding
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Ble. . ,P) with the resulting P distribution. After determining
"f (E) in this way, the 6 ‘aistribution then expected from (3.33)

can be most conveniently compared with the data by computing - the
expected distribution of the angle between the electron direction.
and the direction of the bisector between the two. y-ray directions,
In both experiments,'good'agreement is found with the distribution
ﬁ(3 33) resulting from the vector interaction (3. 32) with form ;
Fer example, Roe et al.38)

0. Oh z 0 0&5

function f (q ) eskntially constanta
find f = + kq /m ) provides a good fit, with A =

For Ku3 decay, the most detailed and reliable studies are -

those due to Brown et al?G), based on 76 complete,decay events

39)

observed in a xenon chamber, and to Bisi et al. ’ who have

'obtained a complete muon spectrum, the lower part of the spectrum
being obtained from observations of K ; decay in a hydrogen chamber,
the upper part of the spectrum being obtained from observations in
an heavy liquid chamber, with appreciable overlap between these .

two parts of the spectrum. In the xenon chamber study, the
determination of the muon momentum and direction and of the .
directions of the two x- rays from the n'—eby + Y decay allow. the
‘reconstruction of each .o w3 decay event' generally, two solutions
are possible for the w direction and momentum but usually only

one of these is compatible with rough estimates of the energies

of- the two Yy-rays.

Brown et al,s) have analysed their Ku3 and k* e3 -data ‘together f
using the same form factor shape (1 + ’qu/mz) for £ (1). and £, @, an

allowing a different form factor shape (1 -+ 2 q /m ) for .£_(n). i
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;parameters, 1 and A » and has the value 1 07

There are always two solution°

;in”discriminating between these two possibilities.

'They find that the ratio t, (u)/f (e) depends weakly on the shape )

0. 18, roviding a

direct check on u-e universality for hlj decay, With

f (p) = f (e), and definite values for A, l , the ratio f /f

'can be obtained from the relative rates for Kﬂ3 and K 3 decay.

to illustrate, consider A= ’ = 0,

for which case the integration of (3 32) ieads to the following :

quadratic expression for this ratio~

TR o 0124(54&) + 00’7(‘)

(3;36)
/-7 (:Qg) )
For X3 decay, Luers et al. 5) ‘obtained the ratio O. 73 0.15, -
{eadin ‘the val +0.9 v lg.6%00 T
eading to the vaZ;;s 7?/?;- 0.66 430 6.6 1.5 " For k'
decay, Roe et al. have obtained the ratio 0 65 0 2, which

leads to t /f =0t 1 .5 or -6 5+ 0, 8° ' The muon momentum

spectra corresponding “to (3.33) for these two solutions fd/f

are shown in Fig.3 and differ quite considerably." The'second

_solution predicts ‘a spectrum which favors high energy muons-and

low energy pions and gives rather low intensity for low energy

muonsj. this solution can be rejected directly by comparison\‘

with the muon spectra obtained by Brown et al. and by Bisi et al.,

especially by the latter (shown in Fig.3) since this includes

the low energy. part ‘of - the spectrum which -is’ particularly. important
LI the shape
DParameter l’ is permitted’toxvary,,the ratio;f__/f+ does not vary
strongly; the‘present data .does. not allow the. determination: of
l!, which is not surprising since f£_ is small. . '

Further information on the ratio fd/f4,can be obtained from
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. the gtudy of the u polarization from Ku3 decay. .As pointed out by

Cabibbo and Maksymowiczu ) and others, 1f the vo and u momentum are
. specified then the u has 100/b polarization in some direction.
lying in the plane of the decay process. These authors have ‘
recently reported calculations of the angle & between the p*
polarization vector and the u momentum, as function of the pion.
and muon energies, and have found that 69 is a fairly sensitive

function of £ /f o For example, ‘for muon kinetic energy 95 MeV '
and pion kinetic energy 35 MeV, the angle éa ranges from -25 .
to.-80°
f_/f+

been made,

as fd/f varies ‘from -1 to +1, and has the value +115 for

= -6, Such detailed polarization measurements have not yet

However, several measurements of the mean longitudinal

,polarization>for'muons emitted‘uith kinetic energy in the range -

L0-100 MeV have recently been reported.“ Using'nuclear emulsions,

Smirnitski and Weisenbergu )1obtained Pu = +0. 7 0.45, this

helicity being opposite to that for u from ﬂ'~e>u decay° Gidal
et al. b2 ), using a heavy liquid bubdble chamber, obtained !

f’u .“4+0.7l4 + 0.16, which allows the values -o 15

for f_/f+ .

u Partial—Conservation for the AY ti‘Vector Current°

-In the limit of exact unitary symmetry, the strangeness-changin
current (J1) will be a conserved current, since it may be  obtained

V- ‘ .
by an‘SU3 transformation from the AY = 0 current (Jf)a -which'1is -
known to be conserved (being a component of the isospin current)

even after the symmetry-breaking interactions are introduced. In.

208

““the actual world, we may then expect that‘(J?)X

0. 9 or —h 0 t 0 7k

may'still
‘satisfy this'conservation,law in the limit of;large'momentum'

tpransfers, 1.e. that this current‘may still be "partially conserved".

_In‘the unitary symmetry limit, the weak K-m vertex will
necessarily have the same form as the weak w-w vertei 63.231
This means that, in this limit, weak K-w,vertex'corresponds to

current of the same form as (2.89' for the weak m-m vertéx, -

*+-.91f_ OF*,
(k axq,.; Bxc( 7’-0)

namely

(‘3 37)

This .corresponds -to a;K-—>1r¢£ve- matrix-—element -of the form f , -
‘ +

1.e. to f__/f'+ = 0.

data does lead to a small value for this ratio‘f‘/f H

.. Hence it is rather satisfactory that the
Ku3
although the uncertainty in f /f is of order *1, the values:'h,«

obtained are . compatible with the value ZEro. S

\ﬂ For the actual K—)W?Lv interaction, the symmetry-breaking o

interactions can still introduce an f term. To illustrate this,

let us consider a particular model in which the interaction is o
transferred from the K-w vertex to the uv vertex dominantly through
an intermediate K meson,‘as depicted in Fig 4. The K-%nl&

interaction will have the form GK {é&, and.the mnrix-element corres-

_P°ndin8 to this decay diagram is given by

- (33g)

18 the

M(K/—s-rrjy) 0')‘ ('%*'P,,-)‘g(q M*Z)(

where q =

714,4/ M"‘O
(pg + p,r)x

Datrix-element for the strong decay process K>K + .

PK p ,M denotes the K mass and
This
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expression reduces to the form

- M) zr (At br)e (/2‘/%) (ng

‘Por the small q2 of interest for Ku3 decay, the first coefficient;

®
is essentially‘Gﬁ#/Mcz,

state, ‘then the conservation law in the unitary symmetry limit®> -

" K . . X
"if 'K exchange is the only intermediate

>, ¥2 . ' S ) I
requires O'f /M-S =G sing,‘but there can certainly be contrib-: -

utione .from other intermediate states.
The f_ term introduced in (3.39) corresponds to

F N, = —Oi-m)/ M = —os,

a value which:is certainly quite compatible with-the dataa' We ~:

(3.40)

note that this va%ue has ‘such a form as to ensure: that it vanishes
. exac

in the limit oﬁ[unitary symmetry. - There,can also be further

contributions to f_ arising from intermediate’ s-wave K- systems,

but relatively little is known about the magnitude'appropriate'”

for these termsu No strong s-wave K-ﬂ resonance is known which

could dominate these s-wave exchanges' possibly the K(?BO) meson

is an s-wave resonance but, as its width is rather narrow, it

would not be expected to contribute a large term to f ° . The fact

that f dominates is most probably a consequence of the conserv— o

ation of the AY = +1 weak vector current in the unitary symmetry

limit, i.e. of the partial conservation of the AY ¥ 1 weak .

vector current. However, this could also be the result of the

@ominancekof‘K exchange in this process), ‘as emphasized in the.’

L3)

'dispersion;theoretic;treatments ot gg decay..
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7)279;)/44*2 ;7&;. (3.39)

‘ ratio P(XK %>/ftot(x ) =

-known to be about 1/1&, we obtain the estimate L

3.5 The Properties of the K{u-Decay Mode.

Recently, 75 examples of the I'{e)4 decay mode,

| Kez‘ — Tt +e*+ % -~ (3.)
have been observed by’ Birge et al.21), from which the branching
(u 3+¢0.9) x 10 =5 was obtained. The a

m-m mass distribution for ‘these 75 events is~shown in_Fig;S.
For a first orientation, let us consider some‘phaseAspace
ratios.

[Kes )/r'(k/,,) =21 x 1072 22 L)?

For the ratio (KQE/KMQ),ywe.haveuu)l
(3. uz)

The characteristic length L measures the ratio of the matrix-‘

,elements for‘the-xzzaang KtB«decay‘processes, since these differ

in dimensions by a length.

P((e#)//_,ﬂ?fs)

For the K h rate, we have . .

Thgx 107E (L) (3. us)'

where the same characteristic length has been assumed to relate

Since the ratio (3 uz) 18
1 8/m
With this estimate, the L

the KfB and Kzu matrix-elements.

certainly a very reasonable value.

Phase space estimate (3. ua) becomes ﬁr k’ abca%
&4)//“ (k) e ’

AS remarked :above,  the. rate observed experimentally for K h

/4 x/o (BV-MVL)

decay is only about three times less ‘than:this, rough phase-space

- °Btimate, and so appears a rather reasonable result, 1in order:

0
£ magnitude.’ The phasé space estimate’for the ratio K;M/Keu
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found by:Mathuruu) is

R ity = lga
Rl key) = /7'3- - (3.15)

. No XK' events have &et been reported, although this;estimate

and the branching ratio (Bruh) would make it reasonable to

45:expect about 10 K h decay events- in the present data.

h5)

As: p01nted out by Mathuruu) and Shabalin ‘, the‘matrixf .

lﬁelement for Kéh decay has the general form

/M(K—> rnrlv (rﬁ/j//()

‘where

L

,K‘ﬂufdecay_rate;

'whererp

axial-vector current.’

Py T P=

(mr/}' / k) = (’%*B‘Zq‘*c(/’k /’L)/ "”k + D%Pw/’kp/bx%/ " s -‘('3*“7)'

=Py +Pyy A= p1 ='Pp» p1 and~p2‘denote-theffour— st

momerita of 'the two pions, and: Py is the'initial K-meson :four- -

>momentum° The terms A, B’ and C arise. from the axial—vector
current i'; the term D arises from the vector current -0¢X°

The factors mK have been included for dimensional reasons, the

characteristic mass 1n the intermediate states being mK, or

greater.
D is expected to contribute relatively little (<
the th decay process is~ du: dominantly to the
For K "H decay, the term C can be o

neglected, since it is proportional~to the~lepton” mass;z with

=)
(V(1 75) ) |
The scalar coefficients A B C and D are functions of the

scalar products p2, pK.p and pK.q. The total c.m. energy

212

(o6

' 0w1ng to the smallness of p/m ‘and q/mK, the. term :
1/0) to the’

pe + D, this term has the- form (pzr + pv)anthraii'"

_ 2
of the w-m system is given by W= + 272

where p is the total momentum of the two pions, measured in thei

2
p°, and p.p = m (B2

K* rest frame.' The variable pK.q is directly related with theﬁ

angle ©-between the w-r relative momentum g 'measured ‘in the - -

c.m: system and ‘the momentum'p Just‘defined, the’ explicit relation - |

being- Pgeq'= cos -6 pqu/m ‘, Where ‘p-and - -g-“denote the magnitudes -

of these momentum vectoras p and gde

S 1
.70 With the AI = 3 rule, the K—€>Wﬂ weak transition can lead

only to final w-m states with I=0orI=i. For I = o Bose

statistics require that the matrix-element (3 h7) be even for

interchange of the pion lables, 1 and 2. This requires that A

and C be even functions of pK.q, and that B and D be odd functions

S i s e HD

of pK.q, thus," )

’4v A 42 (& 9’/”%) e (3.48a)

B

Cbk ?)/”'k (8 + Ba(pw/”’k) +o ), (314.8b)

i oy
i3 PR

Where the Ai and Bi are functions of m

84 (P)

final states, the matrix-element (3 u6) must be odd with respect

H

For I .=

to the pion labela 1 and 2. For this case A and C must be

3 -

odd” functions of pK-q, and B:
thus, V )

iemes
DR

«_ Ae_a

(3 h9a)

LA C 944

(3 u9b)

Bc a (ﬁk /7% ) - j'

* :
¢

Since eyl o
Pr q/m is small, we shall neglect it in these evpressions.

Witn thi
8 Simplification, the dominant terms in the X ey, decay
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matrix—element are
[(Aotrmes £) + Al /)’)(&m))ﬁ + 80m )9} 7,

0 s-wave m-m system,: . .-

”(3!5o)

Here,Aoldescribes.transitions;to,the\I‘=

and,41, B describeutransitionsfto the I =1, p-wave m-w system. .

Generally, .for %lu decay,'transitions to final I.=0 and I A
“both
states wil%/occur,. for KZ& decay,,,
k s A 3SR :;4(3o51)

the charge relationships and the AI ; % rule allow only final

I = 1 states. o ir Ai’ Bi’ C and Di denote the amplitudes for:"

Kﬂb, decay’ the amplitudes for the K& decay (3 51) are Siven it
by B /s/-2 Do/f. A //— Q/y/— Bz/fé, etc., the other amplitudes

.being zero. Thus, for K2 decay, the amplitude for the mode

(3.51) 1s obtained from (3. 50) by the replacements Ay -e» 0,>'
A1——> 2A1 and B -4>;B N As we shall see later, the I
transitions contribute relatively little to the th decay rate,

so that we may expect gge (K2)£h decay rate to be about an order
\y : S

£ oy

of magnitude smaller than[for Kéh decay.¢ o

ﬂ‘; Next the Watson final state interaction theoremus) tells

L AR DL L

us that, assuming time-reversal holds for the weak interactions, H

with C =

each K-e»nw amplitude has phase equal to the w4y scattering

phase in the =1 scattering state appropriate to the final system.

i .;,.“:'
Thus -we have A, = R eiab where 6; denotes the 'ave -
and, R, is nul '
scattering phase as function of the c.m. energy m and
A, = Rye SH B, iiﬁ, where 5' denotes ‘the p-wave -
an:}, ,,S, are; real coefficients < .. 1.4.7) i

As pointed out by Cabibbo and Maksymowicz

R .,;

scattering phase/

27 : YooSmapsnn o adr yendtaniir
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there are two effects of particular interest which depend on these
4phases J~ and 6 The square of the matrix—element (3.46),
s Q,vsummeduover-electron,and:neutrino spins, takes

the form

T+ B8 By ety hdy G Syt ], 552

wherevthe,first term within the curly brackets results from the
parity—conserving terms of the decay interaction, and the second
term, having the opposite parity, 1s the reault of interference
between the parity-conserving and parity—reversing interactions.
w1th p -p = Q, and the energy-momentum conservation equation ‘
Pe + p = p, the A B interference in the parity-conserving
‘terms leads to the following term in the differential decay

probability, .
$RAB) { 2hp) 3 b8 — 203047,

taking into account the identity p.q = 0.

(3.53)

Averaging over the
electron and neutrino directions for fixed pion momenta leads to

<Q Q> )E«PK -p) o(PgP)g -

5~ (PK P) ). and the corresponding

'term Proportional to cos 6 1is fﬁen

F?SQS(J‘;)(P‘@'}&} QQS}QS(J\-J‘)[" ,/(,,n’_,_p}_mz ]&9 (3 5h)
recalling from above that pK.q is directly proportional to cos 6.

There ‘18 one other significant term which leads to a cos 8. term of
comparable. magnitude, -which arises from the interference of A and
Ay This is included in the A*A term of (3.52), and contributes

to't
he differential decay probability the rollowing term- ‘
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ERE et )0 WhE §2(Och) = 2000 ~F -1}
' (353)

Averaging ‘this term over electron and neutrino directions résults

in the contribution,
| 2’%'6 e —ﬁkp)/mk = $RE wl)tl0n),

where. p denctes the total -1 momentum in the K rest frame.

(3 56)

. The second effect of particular interest concerns the up-down

\asymmetry of the electron distribution relative to the plane

defined by the two pion momenta.v This is an effect of parity

non—conservation and arises from ‘the last term of expression

(3°52)f The only non-zero term arises from the A-B interference,
giviné ) : ‘ o
| % €l (A8 ~48%) ke ()G en)
In the X rest_frame, this reduces to'
(3f58)

RS i (5G) @-pxg = RS ) e

* In this expression, g may be evaluated either in the K rest
frame or in the w-w rest’ frame.>‘ 0nly the component of g :
-transverse.to p,contributes;to»(3.58)= Since the Lorentz
‘Atransformation,between the w-m rest frame and the K rest’
frame 1is along the.vector p, the transverse component‘of"g”

"is the same in either'frame.‘_

2p, - B’
ratio of the coefficients of pK.q in (3.54) and of pe.pxg in

since g = ' Cabibbo and Maksymowicz point out that the
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‘ relatively unimportant.

(3.57) for configurations ofvgiven m""‘and,pz gives tan\(J; - d})

'as function of m__, apart from/known’functions, independent of

the m__ and Ezpdependences;of the amplitudes R, and §,. In
this way one may hope to obtain rather direct and unambiguous
pinformation on theipion-pion,phase’shifts. However,bthe situé

fation is confused by the»possibility of the pK.q term (3,56),
which adds to the term (3 5&) considered by Cabibbo and

Maksymowicz. However,

this additional term is propor-
tional to. 2 , and since relatively low momenta are favoured v
for the pions, it is possible that this additional term may be
Since th decay has the rather unique
feature that it leads to final states including only two
strongly-interacting particles, these two-pion states being’spread
in C. M. kinetic energy from 0 to (effectively) 150 MeV, this-
possibility'of obtaining rather directvinformation about the
low-energy =T interaction is perhaps thevoutstanding motivation

for the further study of. .the Elh processes.

”fn estimate of theenergy dependence of A ’ the sB-wave ampli-

tude which is expected to give the dominant term, -may be obtained

using Watson 8 approximationu ), according to which A is esti—
mated by :

k’e

Wh =
ere’ k Q/2 18 here the c.m. momentum in the m-m system, and H

(S'"a‘/ "") 1e's - (3.59)

is”
a cqnstant.; ~-In the. low—energy region of interest'in»K el

deca;
¥, the Phase shift J\ nay be-represented by the relativistic

erf
fect1v3 Pange formula of Chew. and uandelstamug)
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égotd;,“-_— ‘-’i + #—A{(H— Jéz/”l;’;)‘(i'f' i/;"r}; (3.60)

where @, is the I = . 0 s-wave m—w scattering length. From
indirect arguments, based on the ABC experiments on 2w production
in p-d collisions5°) and on the analysis of the energy dependence
of s-wave w—N scattering5 ), it is believed that the low-energy
I=0mwm interaction is very strongly attractive' "Hamilton;”
et al.51) have ‘estimated ao = 1.3/m1r for the corresponding"hjih

S . : Lo _ s
scattering length. -In Pig. 5, the oo distribution in th

*”On the other hand, all the direct experiments which involve
the production and observation of 2w states, for example in C
kthe reactions wN-q,wwN and in K*— 3w decay, have really given
no indication of such large low—energy scattering,'and an”
alternative interpretation of the ABC effect has been suggested

by Anisovitch and Dahnko5 ).':‘

decay obtained with the energy—dependence (3 59) corresponding to

a,o 1 3/m is compared with ‘the distribution calculated for
‘A;i; constant (neglecting p—wave contributions) and with the datao
The“spectrum for A ‘= constant provides an ade}uate fit to the

data$ for example, the mean value predicted forim 327 HeV, to
3.5 oﬁgained from the

distribu-

‘be compared with the observed value 320 5 %
data shown, ~ The curve_(c) shown ‘on Fig.5 gives .the m

tion for the p-wave transition, with B, = Aj = constant;

naturally~it peaks for much larger m&wg - The inclusion ‘of -some€’

p-wave transition would therefore worsen significantly the " -
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,p_transition amounting to. 10/6 in. intensity would lead to m

transition, and concerning”the”m;;

{theicase A

the agreement with the data; for example, an admixture of

= 329 MeV
The spectrum corresponding to the s-wave matrix-element (3.59) with

dé =1 3/m peaks more strongly at low mﬂﬁ and gives a better fit

to‘the‘observed spectrum; For® example, it leads to m =317 MeV;
the inclusion of'a‘small‘admixture’of the p-wave transition'B&“‘
would’ then lead to rather satisfactory agreement. ) The amplitude
of” the p—wave transition ‘18 best estimated “from the magnitude ‘of

the cos 6 term in the cos‘e-distribution; but the datd ‘on this dis-
tributioniare notiyettavailable.;

" In'view of the uncertaifities concerning the p-wave and higher
and px.p dependences of A “beyond
the Watson approximation,rit is not really possible to distinguish
= constant from the case (3.59) with a, ¢1.3/mﬂ‘with

the, present data. It is only-possible to exclude the“possibility of

very large values for @, - (for example, values a, > 2 &/m would give:
a muchilarger peah at’low energies“thangthat observed), or}of,I_: 0

s-wavaijn,resonances belowpaboutphqq Mev.
'-{Itfis:also:of;interest«to,considerfthe relative rates forithe
K;£56§G7K;u1modes,lusingvthe matrixfelementﬁ(3°h7). - Here, .we 1imit
ourselves to constant values.for A,B and C, with D.=:0.. . The(spectra“j
then obtained have been integrated by Shabalinhs), with the result
PCS‘#) o A1+ o051 R (A C) + 0008 [CI% + 0-015'/3/2 ”

Pf"e«) A* + 0-20/B1%

(3.61)

ot T
ng to the A-C interference term, this ratio can. fall considerably

be
1°'4th¢¢Phaae-space ratio for suitable values of C/A. . It reaches
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its least value, . . :
(003 1A1% 4 o-oi5/B2)/(1AI* + 020lBI*) ;- (3.62)

for C/A® -3. . For B = O, then, P(K:,}_)/P(K;L;) must e;tceed 3%,
~.and this lower limit does not increase appreciably\oyer‘theu
range ofrreasonable_values for B, It is,reasonahle,to!expeet
,the term’C:to be comparable with'A, and the presence of this
term:C may well. account for the low value of the K+u/Keu ratio,’
. and the absence of any reported K u.events.A_’
With the AI = - _rule, the (K2) 4& decay rates follow: at
. once. ’Assuming constant;matrixeelements, only(B.(and’D);can
contribute, .. The ratio of-decay rates is
' 'Fékgé.‘rrfr",ﬁ 5 ond o’ %) : onzo/B/

~ F’(k+—> ﬂv‘£+y)' SRR JAI? +0-20/B/’.-

fIn principle, the magnitude of B could be determined from’ the*

- (3';55_3)

":(Kzleu decay rate. In practice, this would be exceedingly
difficult. For B = A, the (1{2)&L decay rate predicted’ by e
(3 63) is about 300 sec 1; which corresponds to a’ K2 branching )

ratio of 1.7 x 10 5. Even if the branching ratio: were much larger,

the separation of these (Kz)lh events from the dominant (K2)¢%

ievents would be exceedingly difficult. - P ,;:.quveru«

3 6 The Leptonic Modes of- Hyperon Decay

In this section we shall discuss the” application of Cabibbo 8

)octet hypothesis for the weak current ‘ with the data ‘available

on the leptonic modes of hyperon decay. " The matrix-element
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appropriate to the transition C—»D is then

) ’ 2V A. L HY : R ) S
G (pfeest (7 + 7L0) +sn6 (T +()0 ), o)
The initial and final baryons which we consider belong to |

the same octet, whose elements we denote by 83’ with 1,3 = 1’2’3‘ )

These elements are conveniently arrayed as a matpix

) 30 A Ly co

éQ, = ]ET Y ::‘l“ “P .
- =2’_A n
i E_ —0 Q—A:
v

It is convenient also to denote the elements of the antibaryon
octet by BJ, this being the antiparticle to @5 ' The corres- -~
ponding matrix is i ’ o w

r Z_X = ==
§ - (%% T %
SF =2 A =0
= V2 e -
T — - 2K
Lo

The matrix-elements which we require are composed of matrix-elements“n

(& a'/os) cFT e

,*49. -

* T
he a and 8 are inverted.on the right-side' of (3.65) since-the
ma -
trix-elenent involves the complex ‘conjugate of the wavefunction

. a
of state B g» Which. ‘transforus like BB
e T S
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These coefficients Cajg‘are essentially Clebsch-Gordan coefficients,

apart from,over-all multipkﬂng factors. They are;eharacterized

completely by the fact that the form ‘
T B8
f Z °~’ge; F °")

where the summation is over all indices from 1 to 3, should be a

‘(;.66)

unitary scalar. This remark is essentially equivalent to the

statement of the Wigner-Eckart theorem, The Clebsch-Gordan
coefficients necessary can readily be obtained by‘reference to

tables in the literaturesé). Here we shall ‘derive these directly.

We have to construct ‘scalar quantities from the- product.
JJ (B B @ P .
indices with lower indices.
this can be done, giving (= Ji Ei@g‘) and (= Jié‘;‘@i) In

terms of the convenient matrix notation, these combinations can 4

This can'be done only by contraction.of upper y.\

There are just two ways in which ; X;

be written as trac\’es, Tr(JE@) ‘and Tr(JB@), respectively, The
combinations of special interest ‘are those symmetrical and '
antisymmetrical in @ and B , called the D and F couplings. Hence,
the most general unltary scalar is

{:r(/se+eg)] + F T{T(BB—CB@)} s

so that there are two reduced matrix-elements D and F necessary

for the specification of the matrix-elements (3 65)

For the strangeness-conserving decays, we .need the matrix-

elements (3 65), of J1 These -are obtained from.the coefficients .

of J2 in the expression (3. 67), i.e. from the terms:

(0-F) B8} + (D+F)(BE). “(3.68)_
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Explicitly, we have

SF/S0 .
(83) = Z+('Zz‘_ (3.69a)
@6)/ == —2:-5-5)2 +Z+( +,bn ;(;3.691;)

'For the strangeness-changing decays, we need the matrix-elements

(3 65) of J? For these, we have to consider the terms

(D F)(BB), + (JH-F)((B@) (3.70)
Again, we have explicitly, ‘
66‘8)/ = p(v I/é) - nZ * VZA ;’:) . o - (3.71a)
o2 . -3 o =
e !L — —o0 2 ) .
(86)’~ " V:z Sk , i— T .M' (3.71D)

With these expressions, we can’ read off the desired matrix-

elements, as follows

O’I T2 n)

| D+F (3.72a)
W) = T = 2D, (3.72)
K¢ 2N = (D+3F)/, (3.720)
(nliff' lf) = -D+F, (3,7124)
C/\/ 773,'/,3") = '(3573F)/55’6. (3.72¢)

228



These matrix-element forms are now used in the expression (3.64)
‘for the corresponding decay matrix-element. Here we shall make
" ‘the following‘essumptions:

\'
a

(1) for the currentﬁv, the components (J1 and '(J;)V

directly proportional to the isospin currents (I )

(I ) Hence it is natural to assume that the components

(Ji)v form an octet directly proportional to the octet of
currents to which the isospin current belongs. However,
since the isospin. curfent has no TA component, it follows -
from (3. 72b) that the isospin current gives rise to a A
pure F-type coupling. Hence, for the weak currenE;LX

it follows that D,=0.

(i1) Unitary symmetry is assumed to hold exactly in the °
. calculation of these matrix-elements. For the As=0
vector transitions, there are no renormalization effects,
since this vector current is conserved (CVC hypothesie).>
However, for the other vector transitions, and for the
exial—vector transitions, the matrix-elements ﬁill be
caused to deviate from the pattern (3.72) by the renormal-

ization effects of the symmetry—breaking interactions.

These effects are necessarily neglected here.

(1i11) The Cabibbo angle © is assumed to be the same for-the
vector and axiel—vector currents, as was found compatible
with the data in the comparison of K and w decay processes.
Here, the hyperon 1eptonie deeey proceéses lead to a

further independent estimate for the angle O.
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given 1

With the general form (3.64), and the individual matrix-elements
n expressions (3.72), the matrix-elements for the leptonic '’

decay processes of particular interest are readily obtained, es T

1isted in Table I. For the vector interaction, DV= 0 and

F, = 1; for the axial vector interaction, the coefficients DA and
' ) .
parameters to be determined from experiment. From the
Professor

magnitude of G /G obtained by /

p are
h) from the data on neutron

~peta-decay, these coefficients must be constrained to fit the

relation:

‘DA _Hi- = —~IMI5 004, \/,(3}.73)

The most accurate branching ratios available froh Table T .-

“are those for the A-»p and S=»n leptonic transitions, from which‘f

we can then obtain D,, F, and sin 6. ~The ratio of theee’branehidgﬁ

ratios does not depend on sin ©, being given by

(Z+ 3B t2R)) xS (8.1 £ 10) -
1+ 8 (-0 +R)Y) x &2 (/3 £ 2) (3.71)

Taken together with (3.73), this quadratic equation leads to two
solutions for (D,, P ) .
0.05,

+

"0039
-0.92

+

Solution I: D -0.76

A

0.05, FA

0.05, FA

i+
1+

Solution II: - D -0.23

0.05.

#

A
For each set (DA,FA). sin 6 may then be determined from the branching
ratio for A beta-decay.
o ‘_._1 . 2},' -2
S0 § % + £(D, +8E)* § X 5 X0

= (&121r0) XIof‘" '(3.'75) |

FQP solution I, we thus obtain 6; = 0.26 * 0.02, a value in good

8greement with the values e, and &

v obtained from the K and m decay
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rates in Gec.3.2. Solution II leads to @,; = 0.195 ] 0.015; a

value’ which 1s appreciably below these independent estinatea for 8.

A check on these solutions can be obtained from the branching
ratio for T —>A beta-decay. From Table I , this branching ratio
is given by ﬁ (2 2 00829) x 2.4 x 107 . Since solution I
gives a much larger value for DA than does solution II, the com-’
parison between this value and the experimental branching
diatinguishea between these two solutions rather clearly. Bolution
I predicts a branching ratio X /2tot = (0.65 ¥ 0.08) x 10 h’ which
is in good agreement with the experimental value of (0.75 % 0.28)

-4

x 10 .’C.Hovever, solution II predicts a branching ratio

(0.06 % 0.03) x 10-u,,which is significantly smaller than the

.
experimental value.

* The most satisfactory procedure is to make a least squares fit

F

to all of the data in terms of D I and 8. - This has recently

'
been done for the hyperon decay data by Snoylet al. (private
communication from Dr. a. Snow, August, 1964) using tho A ’
Exe' 2- and EEQ branching ratios, 09/0 and Ga/G as input data.
The two solutions thus found were:

L. _ D, = -0.7&, = =0, hh. ® = 0. 272, with x probability
32/69‘

II. D, = -0.38, F, = -0.75, © = 0.2U6, with x2 probability
: a%.

The .inclusion of 08/0 in this analysis makes aolution II appear

aomewhat more favorable than in our discussion above. This -

solution II also leads to a rather low branching ratio (0. 16 x 10 h)

for b ' ’ o ‘
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80 unexpected prediction,, so that its verification would provide . a

For the = —>A leptonic transition, the branching ratio is
given bY : . -2 o (3.76)
1 §3 . LD —F )%} sin®6 x2.0x 107 - (3.7
FERE R | i

-l

The predicted value is then (5.1 = ¥ 0.7) x 10”7 for solution I, and

(8.5 £ 1- 1) x 10 L for solution II° Although these values appear

much smaller than the experimental value quoted in Table II “this
value i8 based only on three observed events, so that this apparent
discrepancy may well result from a statistical fluctuation. Further

data on the beta decay will be of particular interest, as a check

on this p"ediction of the octet hypothesis.

b

The’ matrix—elements of Table I now lead to definite predictions”
ncerning the (V,A) character of these strangeness-changing beta=-
decay interactions, and these predictions are summarized in Table
II . - It will be seen that the predicted interactions (v + AA)
differ appreciably from the (V-A) form. The value of A has been
determined experimentally only for the A—ap beta-transition,,_ The

55) who measured’

most accurate determination is that of Rubbia et al.
the up-down asymmetry of the electrons emitted in the decay of
polarized Avparticles in a spark chamber experiment, obtaining from .
this the value_x -0.8 * 0.3, in good agreement with the expectation ;
given in Table II for either solution._ “The most striking prediction-
given in Table II. .is that, for the I->n beta-transition with

solution I, the coefficient A-.s8hould have sign opposite that known

»for the ni>p and A—>p beta-transition8° a positive value. for A is

Btriking check on the validity of the octet hypothesis. With
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solution I, the coefficient A is predicted to be quite‘smallvfor

-

the =~ —>A beta-transition, another striking prediction of this

analysis of the hyperon decays.

_ For the favored solution I, the axial-vector coupling is

dominantly of D-type, with
—_ + .
a/(B+5) = 03y toos, (3.77)

This appears glso to be the case for the Yukawa stranrinteraction
.. between

coupling Z’ the pseudoscalar meson octetand the baryon octet.
‘For this interaction, the coupling strengths are usually written‘
"GO*ﬁ)for the D-type coupling, andvfi/for ‘the F- type coupling,

G being the pion—nucleon coupling constant,G /hﬂ —ﬁL5U Our
knowledge of the parameter f is not particularly precise at

present., - However; the following arguments>appear relevant:

(i) the known p;@ resonances for the meson-baryon‘system form

a decuplet, Né/ (1238), Y¥;(1385), __%(1130), and () (1680).  The
extension of the relativistic Chew-low theory of N%2(1238) to the
4 discussion of the pzé meson~baryon resonances in unitary symmetry

‘has been carried out by Martin and Wa1116). They have pointed out
that,the attraction in the deaplet state due to the one-baryon
exchangeiprocess is greater than that in any other SUBrepresentation
(1 +4/3)/L.

over the range bﬁ,s r < In the decuplet state,vthe ‘

attraction is greatest for £ = 1/& , and only the singlet representati

has greaternattractive interaction than the decuplet over the range
€ Y. There are other interactions55) which are considered

likely to be important for the singlet representation, although not
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' 3&; probably somewhere in the range

the decuplet representation, which ‘may well weaken the
r

n in the singlet representation. Hence,

resonances do form a ‘decuplet suggests

fo
the observation

attractio

that the 1ow—1yin8 P30

trongly that the value of f should 1ie in the neighbourhood of
str

0 1 -0. 5.

rap mechanism relating this &3

(11) the reciprocal bootst 57)

d3 octet has been. discussed by Cutkosky QPd;,

decuplet and the
consistency of this mechanism leads to a definite

4@-1)/14@+2) = 0.326.

octet is assumed to be due dominantly

the self- e
estimate for £, £ = In this mechanism,
the generation-of the baryon
to the exchange of the p3/2 6 .decuplet,. and. there are certainly
other processes which can contribute significantly to this.34vd
Nevertheless, it is rather satisfactory and‘encouraging that this
simple estimate for f does lie in the range allowed by the above

considerations (i)

(111) with T = 7h , the (Eﬂ/Aﬂ) ratio calculated for the two:
modes of Y: decay is about 0.065, which is rather iarger;than_the
observed ratio (0.02 1‘0.02):7). Since the calculated ratio falls

with decrease of the ratio GEEﬂ/GEAw , and since:GEz" = 2£@,
Ggaq = 2(1-£)G6/43, the experimental ratic suggests that the value

for f should be somewhat less than 9%, perhaps as small as 0.15.
(1v) the Kk couplings are given by G,y = -(1 + 2£)6/y3- and
Gong = (1-21)a, according to unitary symmetrY

expected values are a2 K/um-§1o, and ozvx/um-cs3 5.

data bearing at . all.directly on these coupling parameters are.the

“For L = %,:the
. The only

threshola cross-sections for A and 3 photoproduction from protons.
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The interpretation of these data depends on the application of
’the Kroll-Ruderman theorem, which may well be. significantly )
inaccurate for K-meson photoproduction (especially in view of
the existence of strong competing processes with lower thresholds)
On- the basis of - calculations based on one-baryon and one K—meson
exchange processes, and including the magnetic interactions, ‘
the data appears compatible ‘'with values &s’ large as GANK/MW,
2NK/Lur ) 3. L Iff 18’ too 1arge, ‘or 'too small, ‘one or other

of” these coupling parameters wi11 greatly exceed this estimate,‘

e however, for £ in the neighbourhood of /B the unitary symmetry1

. values for GANK/hv ‘and G NK/hv are both in the region of - 7, a
magnitude for ‘which'there is still some hope of obtaining agpee-f
_ment with the photoproduction data. = ' SR e

" The fact that D—type coupling dominates for both the strong“
B@M ‘coupling-and the weak B(BJ coupling, with the comparable o
- yalués of%t’z/h ‘and F /(D + FA) 0.34 respectively, ‘may simply’

reflect the validity of the Goldberger—Treiman relationship,

/ Ber 7! (’+{BC)/('"5+'”@) ’ (3. 7o)

for the As'= O transitions C—»>B. = The denominator (M + ¥ )1uf

does not" differ by more than’ 206 from its ‘mean value for these
baryon: transitions, 1f .the background terms 1fBC are - small,(;,
then this relationship would lead directly to the expectation,3
' that the ratios f:and FA/(F +D ) ‘should be quite. comparable in
Essentially, this argument depends only on ‘the A8 = 0

~va1ue°.
transitions; for which .the pole term in (2.11 ) .corresponds . to .
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-above comparison.-

: S e -

one—pion exchange, a favorable situation since the pole is th ‘
en

. very. much closer to the physical region than is the branch t
-cu o

However, if ratio ng/ BCv is the same (with 1f 0) fOr all th
e
4s = 0 transitions, unitary symmetry requires it to have the

value . ' R ' K
; ‘ S
G /Gsck = ‘lanB ﬂV/ﬂk"""c) My/[ﬂe'f""c) (3 79)
for the As = 1 transitions. ! In: other words, the Goldberger_
Treiman relation should be expected to hold valid also for o
As = #1 transitions, even though the branch—cut begins not ver
much further from the physical region than the position of th ’
K-pole which gives rise to the Goldberger—Treiman relation )
”

i.e.

the background term Pe
rom the branch cut mus
t also be unim
portant

relative .to ‘the: -pole- term, even for As * At exch
ange,

The elle!al a Ieemellt OI the‘data wib t e OCtet‘ {)OtheSiS

of.Cabibbo is
quite- remarkable at t
his stage Mo
. st striking is

the:
agreement between the three independent esti
the angle 8, from the n

mate obtained for

A5 comparison t :
Kﬁ 2 he “53 ,3 comparison,

and- f!‘om the an&l 8is Of the h: 'O a -y
¥y ype!‘ n dec y ratea. Howevel tlle
>

with th
e hyperon data has neglected the indu 4a
akomagnetism,fandi‘ ’ : :




magnetic moments,and.the pseudoscalar terms are given by the . .
Goldberger-Treiman relation. .. The only quantities'which BT,
;unknown -are the form factors associated with DA and FA’ but these
form factors are certainly quite unimportant for -any . reasonable

r.m.s. radii. Some calculations using theee complete inter—,
actions have recently been summarized briefly by Brene et a1.36)
and it appears that the inclusion of these refinements does not

‘ affect the conclusions significantly.‘

‘g The Non-Leptonic Decax Processes.

With the current current picture, the interaction Lagrangian

Adescribing the non-leptonic weak interaction processes is proportional

to 91; ;V,;i Since the elements of egd are members of an octet,

the elements of Og* being members or the same octet ‘the elements

4

i,of this Lagrangian have transformation properties which correspond
i;ht° the representations included in the product of two identical
»,octets.‘_ These representations are (1), (8) and (27) : The singlet

representation (1) does not contribute to the leptonic decays

V_observed, since these involve AY .-1 and a half—integral change in

,.V’s

r'the total isospin.%k The octet representation allows only AY
Jtransitions, with AI giﬁ: The (27) representation has AY =
elements giving both AI = 5 and AI % transitions, as well as\
AY 2 transitions for which AI = 1 holds. We must emphasize

" that the presence in j"’} of some elements of a given 7

) representation does not necessarily imply the presence of all the
: elements of this representation. This is illustrated by the

’form or é?u itself. ‘ The form required by the leptonic decay

232

—

2
processes requires only the presence of J1 and J?, the:complete.

form f°"}11 may include. other elements J’ as the study of. the
non-leptonic- processes may indicste but this-is not necessary : . -
3 priori. Thus, the presence. of (AY = *1, AI = 3) elements of .-

the (27) representation inoif does not require that the - .:

(aY = +2, AT = - 1) elements of :this representation should also be ..

present. This point. will be illustrated by a specific model .

in Sec.uqés~f .
. 'The experimental“situation~is'that: ST LT R i
(1) tor AY = 1, the AI‘et%"transitions‘appearato be <
dominent. The-experimental evidence for this conclusion will
be reviewedbriefly 1n¢5eciu.1.;«?noo ”
(ii),there_are;no AY»=,t2;non-leptonicminteractions with .-
amplitude larger.than the .square -of the amplitudeﬁof,thefAY~=;i1q;wr
interactions. ‘A" AY = *2 interaction of amplitude‘g would have .a .~
matrix-element of orderg between x° ‘and K states, which would o
lead to a K1 Ka mass difference Jm12 of ordexng Empirically,l;:
this mass difference is of order cYm12 1/‘L‘(K°), an effect of

second order in the weak 1nteraction coupling G. -

To account for the AI.= % rule within the scheme of- unitary
symmetry for weak interactions, there has been put forward the:

4=s
hypothesis of octet. dominance )that the .terms of O! jL

~in the octet representation are enhanced relative to those in“

60)

the (27):Pepresentation.v; Coleman and Glashow have:suggested
a specific mechanism to achieve this result, the "tadpole mechanism"
which 15 a 8eneralization of the "K1—e>Vacuum" mechanism proposed ..

6
earlier by Salam and Ward 1). This implies the view that the
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and that AT = 32-

Al = % gelection rule 15 an approximate rule,
cted- to oceur, but with some smaller

fons should also be €xpe

of octet dominance , .
Actually, this hypothesis/is much stronger than the
~ As mentioned above,- :

‘transit
_;amplitude;

ex perimental“data~requires at present.

re absent, and only the AY =

= %2 non—leptonic ‘transitions &
jons are-known empirically.

ness—changing ‘elements of}g} «

Essentially nothing is known

AY

% . non-leptonic transit

Hence the data

- requires‘onlyfthat the strange
shouldltransform like k° and 79.

geness—conserving non-leptonicVinteractions,

empirically about stran

that is about the AY : = 0 elements of} }

h.1_ The Al = ; Rule. -

In this section;1We«shall\summariZe‘briefly theievidence't'
: concerningithe,AI“; % selection rule for AY = +1 non-lépton

62) ..

proce gsse8 o

1, K;%F2ﬁ”' The ‘AL = % rule was’ first proposed by Gell-Mann and

63) to account for t
the final Zw

Pais he large value of the ratio P
a5} 500° ' With AI = E; states which ‘can be reache
limited tO I
tics allows only I

transitions to the

0 and I = 1,

s

: K-€>2« decay are
ﬁi" the 2w system, Bose atatis 0 and I=2 final
These two constraints allow K1

states.

state, whereas they are inconsistent for. gt ae

ﬂ*ﬂp decay process is forbidden, except through’ ‘dev
: This interpretation

) should have the value /3

.‘ NN
the AI = E.rule.
_ratio T(R]—>27 °)/Tio 't(K1

- 0 state, and th

is prediction is quite- well

of a- final I-=
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when allowance is made for the 8 2
mall AI = g and g'amplitudes,impliéd

ic "decay”

(K1—>21r)/P(K—> 7°) |
d in

“gince £ =0 holds for

I =02
cay,"softhat the“f""'i
iations”from

requires that the K branc

,~characteristic

“satisfied

(:E? the observed

by t e :

y the data;z n_ the recent compilation of Chretien et al. 64)
4

the three most accurate determinations listed fo
r

for example,
this ratio wers 0.335 0. 0“" o. 288 0.021, and 0.:260 * 0.024

P; A—>
2; _A—>Nw. Writing the A——>N1r decay matrix-element 1,, the.

form s
(s + pO'q), the AI = }@ rule requires

s el K : . : N ‘VA‘
0/s = po/p ;= ;-1//' S
N . ()
e (n° n)/(w p) branching ratios observed are in excell t “) E
agreement vith the expectation (= [ I 4 /P , )/ ( {s erllbf ;
> ) 0% 5.’

For example, in the recent compilabion by Ch!ebien et alo ’

h ou a () were
e r most accurate determinations listed fOI‘ thi
% £ 0o S r ti '
0. ’460 + 0. 03;’ 0 555 0 0)40 0 )410 0 075 and 0 595 i 0 075

e asymmetr. o Vi .
Th Yy coefficientsa (Si en by 2Re(s$)/( ls P ‘
have been measured fO!‘ the nnw- and p1'r modes the ra,tjo ‘b’ jl ) )

’- e 118 B

GJ 0. g e i | expecte
= - 2 I'eemenb wl ';h 1,he a kA t d f 1‘()m
a ' I() 7 ill 8, q
» 1 y p

For A_»P'." I ) s

deca, e T e o ]
the decay is do ¥, polarization studies have establv'”i 4 the
comel minantly s_ane (p /% o, 35 . ished that
c¢lusion has al 0 03)
8 T
© been reached for the A ) he same

—>nﬂ interaction k
»

from the dbra
nchi
L ne rat1° °b8erved L
—> all ¥ modes) for (, He'—» a11 ﬂ mod )/
Which 1 €8
in agree ’ eads to th iy
ment vith the Patio e estimate ﬁb/s 0 39+0 .2
f'ol‘ the Fn- mOde a ~0.12?
»,.88, exPected with (
b, 1)

(AHe

Hence, the r
orms of the
A—)N-n- deca
y

with ex an
Poctation from the Ay . plitudes are in agreement

2 rule. in ‘some detail =
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oo Th:e‘AI;=“;'2-.rule:predicts S O
(== pr )/F(— AT = ‘/2 | ,.'.‘.f,';(i;'.a)
The experimental results are I'( = *A“ ) (1.76-% 0. 05) % 1010wc ’
to be compared-with the, values. r\(;_ —> ATr );, (2.42 .t 0.3).x 10 osec
obtained by the Alvarez group at Berkeley, 3 5+° -9 x 1010 HA,
obtained by the U.C.L.A. group, and 3 eﬁé'g 1o1° c:«: obtained
;bby the Ecole Polytechnquegroupés) The ratio. observed for these
‘decayvrates is not:far'from the‘expectedfvalue“ (L. 2) S If we
take the mean: value of these . decay rates, the: deviation from.

o,
this value can be accounted for by a Al .= %;adnixturepabout;d0,6~

in amplitude,i

& -

. 3 i>Nr. . With the AI ; rule, the matrix-elements for “the
three observable;,E;4>Nﬂ decay processes can be written in terms

P A T IR P

of two amplitudes.

s

Tt P L (30)
§+—>,/b7r°:' h (h3b)
z*;;m';._,,, L (3e)

where T1 18" the amplitude leading to the 1= E final state, and

Sttt

' T3 the amplitude leading to tho I 2 final state. From these

‘w;r - 4~ : :1,‘
‘expressions (h 3), ‘there follows the AI 5 relationship,
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1

-1

‘interaction theorem

This relationship holds for.both: 8-+ and:p<.wave parts- of ‘the decay

famplitudes. ¢ *With time-reversal invariance, Watson 8 final state -

h6) ‘states that:these. amplitudes are real excepl

for :final-state scattering. phasesi:: :These phases are known: and
are small, the largest being about 12°,:: It is!therefore an = ‘:
adequate: approximation to assume the amplitudes (4.3) to be real.-:
With the form (8 + pgzg) for each-of these amplitudes;'it'istr

convenient“toqrepresent;each_amplitude as. a vector.in an (s,p)

plane, as first done by Gell-Mann .and Rosenfeld§§)1:‘

“The’ magnitudes of ‘these” vectors are obtained from the corres—i

ponding partial lifetimes,

T = @zooy x6®wl, we
sl g e L alnie on ol s T (L.5b)=
P(Z;) = @3z ooy x fo ’f’ se, (150)
/_7[2} (063 '0.26')x /o &c” (h5c)-»

Then' orientations are indicated by the corresponding asymmetryi

parameters a(given by 2sp/(s +D )),

) =_,-,-—0-A78t;o-;/or o e
q/(z:) = ol # o5 | C o (uiee)
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the value»a(zz) being. a weighted average of the values 0.73 t 0.1

o . . 67)

~ obtained by Beall et al. and 0.90
and-the value a(Z7). being a weighted average of the values -0. 16 *
0,023 obtained by Nussbaum

+ 0.25 obtained by Tripp et’al.b8

0.21

obtained by: Tripp et ale. B) and- -0.0L &

et al.69).~~ With a(E ) a2 0, the z decay amplitude is- essentially

either.pure s-wave Or pure p-wave. Similarly, the,z;«amplitude

is dominantly pure.s-wave Or pure p-wave;

If the triangular relation usn) is to hold the equality of

the magnitudes (L.5) indicate that the’ “triangle formed by’

VEE ,2 , and 2 ,must be approximately right-angled If the;ampli-

tude 2 is along the p-axis, then 2 must be approximately along

alternatively, 2 may be along the s-axis, in which

In either case,

the s—axis,

‘,'case E must be approximately along the p-axiso
" pelation ‘(L u) then requires z to make an angle of -h5 with the

s-axis, so that a(E*) -1 is predicted by the AT = 5 rule.

With the experimental.value (u 6b) for a(z ), the triangle

actually does not close. Since this value a(z ) is compatible with )

two values for po/s
possible for zo, as shown in Fig.6. The best solutions obtained
"Dby least Squares fitting deviate from,the,closed‘triangle predicted

1 rule, by about one standard deviation in one case,

The best

_ with the AI =
v and by about 1.5 standard deviations inAthe other case.

fits. require the value a(E ) = -0.95, rather larger than the present

experimental valueo

The assumption that EI lies along the s-axis, and Z_ lies along

the'p-axis, or vice versa, urgently needs a direct experimental testo
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’ which are reciprocal, there are two directions

For each of the decays 2 —>n + ﬂi, the (s,p) orientation of the
corresponding amplitude could be established by determining the
Y_coefﬁcient)in the distribution of neutron polarization for th
€.~
decay of polarized E‘, since each Y is proportional to the corres
: -
ponding (S )/(5 + p° ) In fact at the present. stage only
.. e
the sign of each Y need be. determined to establish which- axés. each
! “+ RESR
of the m 3 lie along.- However, to date there hasfbeen no
attempt at these difficult experimental ‘measurements
o  K—>34r, All of the data a
" o o vailable on.the decays K-ﬁ>ﬂ'ﬂ*ﬂ S
T
" and Ke—»-w v are comparable with the requirements of
the AI = rul |
¥ rule. The onl fe
v atures of these. decays which - ‘provide; -
a signiricant test for the absence of AT = 3 L
/2 transitions. ape as
follows:
(1) the ratio r(
K —+ﬂ*
T )/P(K —tn° m %y 1is. predicted to. .

’ I
ha'e the value 2 06 witll A o ¢ 'Ihe expelimenhal Values available

lead
to the averige value 1 60 +. 0, 3 for: this
attained witn a/a1 = 2 o
2

<This can be:

admixture of rel
ative ampli
(11) the Blopes Of the 'ﬂ 1Y tude . 7 + 56

spectrum) in K decay and the
in K—q-w

spectrum (dividea Y¥-.iie phage-space. - o

T
spectrum (divided by phase-space): .

*'n de
cay are required tobe e
obilrenty i (1 qual, by the AI = ;»rule‘xw o
8 (13- +8)/(14 .+ L
expectation. Howevep 6)’ in 1t 03 o
to have the val €% 1o : atic = W8 8ir= < amplitude-
. - 2 | |

amplitude.
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k.2 Weak Vector Mesons and Unitary Symmetry.

Lee and Yang71) have discussed the generation of the weak decay inter-.

actions } } o@

fields W 1a with the currents-

lthE& through the: coupling of ‘intermediate vector

d and {ea

discussed the conditions which' these W-fields and their ‘couplings -

2In particular, they have

must satisfy in order to ensure the absence of AY = 12 transitions,

1

= 5 rule.  Here we shall adapt their-

and the existence: of the AT

arguments to the situation where -the currents { Qib'elong to an octet.

‘  The'boupl1ﬁg between the charged AY =0 current'Jaa(forhwhieh;
AT = 1) and the charged AY =r1vcurrent,sd.(foriwhicthi»=ﬁ%)”13*:*
geﬁerated by ‘their coupling with a charged intermediaﬁe vector meson -
field W, , and takes a form propotional to (318, + h.c.). ~ This
‘form is necessarily a superposition of AI = %.and Al = % interactiona.
The simplest procedure to remove the AT = % terms is to° introduce
=°1 neutral currents,'whoee"coupiing.also

leads necessarily to a~shperposition of AT = % and AI

and then to combine these charged and neutral- couplings in such: a-way’

corresponding AY = O and AY

2 interactions,

as to eliminate the AI = .“This-procedure necessarily involvee‘

g terms.
the introduction. of neutral’:vector mesons w2d coupled with these:

neutral-currents. ~The absence of 'As:='12 transitions then makes - °
it clear that“ the neutral field' W2 ‘must be distinct from:ita antiparticle
field wzl.ﬁ Hence, the minimum' rumber of weak vector mesons‘reQuired”

is four, eonsisting of the doublet (W%;—Wz) and their antiparticles.

Within the unitary symmetry scheme, the neutral AY = 1 chrreni

corresponding to Jg is necessarily Jgo The coupling of the (W1,W2)

doubled to these strangeness-changing currents then takes the form
Lys = Fsinb L3 W +(J; ), W +he § (1.7)
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where W, and W, transform like an isospin doublet. With I = %
for (W1.W2), then, this interaction conserves isospin. Since
W2 is distinct from Waf, this interaction cannot generate any

AY = *2 matrix-elements.

The neutral AY = 0 .currents corresponding to J; are J} and

Jg. These may be combined to form a neutral isovector
(J} - Jg)/lﬁ, and an isoscalar (J1 + Jz),//—

the AI

In order to obtain
= % rule, the W-J coupling must be an isospinor; two

Al = % terms may be constructed, giving

Lk/]' = ﬁ‘zsezr(rzlahfa"ké(jl" i) o) F hec (u.8)‘

In expressions (4.7) and (u.8),the coeffﬂcients fan@ and fcos®

have been chosen such that the observed leptonic interation (3.L¢)
results from the coupling of these currents with the weak lepton

current, through the charged vector meson coupling

PR, +he) o <u§9>

The coupling coefficient f is then fixed by the requirement

f/ﬂﬂj = Ga.,

that the coupling of Jy, With itself should have the observed form.

(4.10)

Since there {s no direct information possible on the neutral
currents, the coefficient A in exbressic:n (L.8) 13 still a free
parameter, except that time-reversal inwariance requires’ that it

should be real.

* We note that theLwJ given by (4.8) cannot be written inkihe

71)

Schizon form of Lee and Yang unlese A is purely imaginary. -

In this case, Ly, does not satisfy time-reversal invariance.
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This failure of time-reversal invariance is a'serious objection
to the possibility of a schizon form with the above Lagrangians;
since the two terms of (4.8) involve the same currentS»J: and -
Jg, their contributions will necessarily be. coherent and ‘there

will be a failure of time-reversal invariance for the non-'

leptonic interactions generated by wzyexchange (“nlessslvé o).

The non-leptonic strangeness-changing decay interactions

generated by W—exchange have initially the form

< Lyslyr> = fsm&cose( e ?«v‘ip/Mu) zf (72), (Tz) ( 72) (]1 2)

2 ]
+-LA(T)°,(~T+T)IQ + hoe } o
where q denotes the W momentum transfero' Since this form will c
"be strongly modified by radiative correctlons due to the strong ‘
interact1ons, our interest in this interaction lies only in its .
SU3 properties, since these will be preserved by strong interactions
invariant ‘with respect to SU3¢ The form {(L4.1%1) certainly:guarantees
AT = l for AY = 1, as a necessary consequence of | the structure of"
(u 7) and (4. 8) However, the interaction (u 11) 1is not generally
of octet form, it still 1ncludes elements belonging to the (27)
representation,_ Omitting the suffices a,B, and making use of the
relation (J1 + J + J3) 0, the curly bracket of (u 11) may be

fa s

written |
i ; G (TETS) + he. - gy
(TT2 e T2 + TTE) ~ S (TT5) + he i

The first bracket of this expression is‘E;, an element-of an octet.

The second bracket J%Jg is not of octet form, but includes the-
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This is precisely the form obtained in Okubo's discussion

element ng of a (27) répresentation. However, it is easy to

eliminate the (27) term, by the choice A = -1.  The interaction
(4.11) illustrates the point made earlier, that the absence of
AY = 2. nonleptonic interactions and the AI = % rule for the

AY = t1'non-leptonic interactions are not sufficient to ensure
that the AY = *1 weak non-leptonic interactions have the octet
form; The octet hypothesis for the AY = +1 non-leptonic inter-

actions does involve still more specific assumptions, as we

have “just seen. o - /

With A = -1, the effective Lagrangian for the weak AY = *1
non-leptonic interactions has the SU5 form, Lo
g 2 , -3 : , '
Lyg = T3 +7, | (u.13)

72) o
the intermediate vector mesons in unitary symmetry. Now, since

T% transforms under unitary symmetry like Ko, and’Tg like Ko, this

binteraction transforms under unitary symmetry 1ike (K° + E°),

i.e. 1like the K2 state., In Gell-Mann 8 notation 73) LJS trans-

forms like the sixth component F6 of the unitary spin.

As far as 1its space-time properties are concerned, LJS trans-
forms like the Kf state  since it necessarily has CP = . It
is of interest to note )that the particular tadpole transition
K1—e>vacuum is forbidden by unitary symmetry, since-a weak
interaction (LJS) transforming like the K2 state necessarily hss-
zero matrix-element between vacuum and K? state, the K? -

and Kg states reing arthogonal with respect‘to unitary symmetry.
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We may note explicitly that the h&pothesis of "octet
dominance" is stronger than the hypotheBes which lead to the form

(4.13).  With A = -1, the AY = O weak non-leptonic interactions
have the follow1ng form with respect to unitary symmetry:

<LW.TLWT>"'( T *+ oo T e ) 05°6 + (7'17'3+7'27'3)Sm29
. ‘7;&\71:@59 +\7.‘¢TaSIn26) J- cos% — 7;\@25,"16 (4_‘,4)

The first bracket of this expression QOnsists of T1 and Tg, but the

‘last two

/terms again include terms from the (27) representation;l ‘More
complicated schemes, involving at leaat another neutral W meson,

- are needed 1if it is required that all elements of the weak non-
leptonic interaction belong to an octet, i.e, if true “octet
dominance“ is required to hold exactly = rather than as an approxi-~
mation resulting from some dynamical €nhancement of the octet

. terms. However, there is really no ekperiméntal evidence at
present which requires hypotheses beyohd those 1eading to the

~ form (L.13).

4.3 Octet Dominance for AY = £1_Decay Processes.

In this section we wish to discusg consequences of the form

<4Ws wr> = T3+ 77 L (sas)

appropriate for the AY = #1 non—leptonlc weak interactions in the

scheme of unitary symmetry with octet Gominance for these inter-
actions. The most convenient way . to Qiscuss these is through the

‘introduction of an "octet spurion" S, unose matrix form is

o 1 0/
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The weak interaction (4.15) can then be written in the form
Tr(OT). '

’ Charge conjugation parity 4? can be defined for an octet

of mesons, or for an octet of.currents which is charge conjugate
to itself. The eigenValue 4f is necessarily equal to the-:
charge conjugation parity of the diagonal elements of the octet.
For the octet product of two octets, 1f has value equal to the.
product of the separate {f values times +1 if the coupling is
D-type, or -1 if the coupling is P-type: this is seen directly:'

as follows

€ (48] £ 48}) = Checic + cUjecsic
| adint o 4tpd
GG (48] + 4/8)

2648 2 435) wan

Since the cirrent éz;is‘parity non—conserving, it is really

necessary to introduce two octet spurions -Sbgand9SG, for the

-parity-conserving and parity-reversing parte of the decay inter-

action. Since CP = +1 for the weak interaction, the spurion

"8 which corresponds to the terms }VT V' ana fAng has -

a
{=‘= +1, and the epurions()which corresponds to the terms

f”} Z?}g has {= 1.

Consider the decay interaction K-—a—w + w;. This is a
0--1>0+ transition, 80 that it involves the octet spurion E#ﬁ
and it is convenient to consider the decay interaction in the,

form
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c-) B
Kot e m™ —S (b.18)

Tre w and K mesons belong to the same octet M%. In order to form
this interaction, we are required to form an octet .from three.
jdentical meson octets; the only combination possible -is the.
Since (: +1 for M( C(-rro):‘ +1
since w —e>2Y occurs), the interaction thus formed necessarily

has {: +1.

This statement assumes that the:interaction involves oniy the

x
symmetric product (M JM&)

Since 4-—_-1 holds forS) it follows that

field strengths, not their derivatives° : For example, allowing

first-order derivatives we could form the combination

("4)(9 )Mz i?x(Mﬁ)) W

'which has if: -1, With exact unitary symmetry, these
“ antisymmetric terms necessarily vanish since all the meson fields
- are then on the same footing (e.g. this interaction (i) may be
re-written Unz 2) x M (1)MJ(2)M (3) which vanishes when -

my = m, = 3), and the 1nteractions can all be reduced to the

form given:in the text. ‘In the symmetry—broken situation,
antisymmetric combinations can be formed, but their coefficients
are necessarily proportional to. the mass differences. :However,
for K—»2r decay, the simplest factor is (mK - m2)/M : where M
is some characteristic intermediate mass (of order 1 BeV), and

this may not be such a small factor._

with octet dominance, the K?fi>2ﬁ decay is forbidden‘in'the4linit

of exact unitary symmetry.
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This-conclusion that octet dominance forbids‘K$—4>2n decay
appears rather distreSEing, since a strong motivation for the intro-
duction of octet dominance was the AI = % rule, which arose from the
attempt to explain why K+—a-ﬂ w° decay appeared forbidden in com-
parison with K1—€>2w.decay.’ However, Gell-Ma 58) and Cabibb059)
have emphasized that, with octet dominance, the Kt qtn® decay
is allowed only through electromagnetic deviations‘from the AI = %
rule. Such electromagnetic corrections would be expected to give
rise to a ratio P(K+—e>ﬁ*np)/r(K$-%>2ﬂ) I (q/ﬂ)zse 10—5, so that
it has never been eagy tc understand how the ratio could be as
large as the observed value, of abont'1/500; on this basis. With
octet dominance, K$-4>2w decay is also forbidden but can occur
through the effect of the symmetry-breaking interactions, which are
moderately strong, with. a typical coupling parameter about 1/10-.
With these estimates, the branching ratio P(K+—e>ﬂ*ﬂ°)/r(K$—a-2n)
is expected to be of order (electro-magnetic interactions/symmetry-

: 0_3

breaking interactions)2¢$1 , a8 observed experimentally.

Next we discussrtheximplicationsyof octet dominance for the
non-leptonic decay 1nteractions bf the baryons, for which the
observed transitions are of the form 8—> 6+ mT. Generally,
these weak interaction processes may be written, with introduction

of the_octet spurion,
B—> B+M+S. » (4.19)

In this form, the interactions (4.19) have an invariant form with

respect to unitary symmetry. The most general form: is obtained

by contraction of the indices in the product - BGBBMYSS in all

AT pve
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possible ways. Taking into account the tracelessness of the

~octets, this form consists of nine terms: | |
M, Te( BSME) + M T (BIBS) + b, T-(BESm) +4, Tr(BSEM)
+ My F(BMSB) + M, T(BBMS) + My 7 (BT (6S)
+ M T(BS)T(BI) + My (BOT(MY, (20)
with scalar coefficients M;. Actually, there exists one linear °

relationship between ‘these nine traces. This may be obtained by :
considering the identity k
P Y B 3¢ %
Z )] (B 6 m S =0 (L.21)
where the sum is over all permutations , P among the_fqur suffices,
and (-1)? has. the value'j1,Aaccording as the permutation P is_even
© or odd. : This identity holds,since,these,suffices (Apveo) are
each limited to the values 1,2,3,(30 that some two_of then are
necessarily equal. If we now carry out.the contractions (28),
(uy), (v8) and .(ac), the identity (U4.2f) reduces to the following

identity between the nine traces, as pointed out by 0kubo7z),

((837);[3) + T(em@3)+'ﬁ-(@£sm) +T(E5(5m)
7 (BMS@) + T (BEMS) — T (Bm)F(€S)
— T(BY)F(®N) — TR (6B)T(MS) =0 - (4.22)
This means that all the matrix-elements for indi#iduel pfdcesses
1§ivén by (4.19) remain unchanged if M,,.M,, Mg, M), M5 and M are
_increased by -an arbitrary amount g, while,M7,vM8, andrué are

decreased. by :the-same.amount g, i.e. one linear combination of

these;amplitndééiieéarbitrary.J Hence, only eight linearly

248

independent amplitudes are necessary for the specification of

the form (4.19).

The matrix-elements for the individual processes (L.18) of
phyeical interest can be picked out from (4.19), ledding to the

following expressions, given by Sugawara74?:

M(A~ pr7) =»—V2M(/l->mr‘9 = M M, + /st, “ 2 (4.23a),

M=) = M+, - (4.23p)
M(zD) = Mg+ My (4.23¢)
Z;} = _l/.%M,: -/-ZLMa, ‘ (Lo234d)

ME>Nr) = ﬁM(S"—»A#‘?: ~/4H, +/3£M3 — M, (4.23e) .

The amplitudes H5, “6' Ma and M9'do not contribute to the observed
processes (for example, the term M9 elearly does not change .Y for

the baryons,.and so describes only K° (or E°) emission processes) .

We note that the amplitudes ﬂi can be eliminated from:Eqns.
(4.23b-d) to give the linear relation, o

ks, =-2_ +37 (he2w)

obtained previously (cf. S8ec.l4.1) from the AT = %'rule. ®Obviously,
this relation must also be obtained .in the present'discussion,

since the model of octet dominance was constructed in order to

achieve the AI ; %‘rule within a framework of. unitary symmetry.
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‘Since the five amplitudes listed above are expressed in terms of
four independent amplitudes (e.g. M1-M2, M1 M3’ M2 7 and M. +M7),
this is the only relation between these e-\plitudes which can be

obtained without further assumptionso

One further relation between these amplitudes can be obtained

" by appeal to CP invariance. However, this relation depends on
the assumption that, when thekdecay interaction 6.—> @ +7)Z is

written in the relativistic form : Lo
A 8 Y '

(B, (4 - 8%)8)N,  (e2s)
the coefficient A, & have the forms (L.23) appropriate to unitary
'symmetry. If unitary symmetry were exact, this assumption would
not involve any limiation on the validity of the relation given
below. In the physical symmetry—broken situation, "the inter— .

actions can always be reduced to this form but, since the relation

between different forms depends on the physical masses, there

be appreciable deviations from unitary symmetry for (A- B) generated'

in the use of the form (L;.,25)°. For example, there could be a
term i C:'fo‘(pf‘ - pi); in the parity-reversing ‘term of (L4.25); this
term contributes C(mf—mi) to.A, a contribution which would -be B
zero -in the 1imit of exact symmetry. © Similarly, the:re_ could be
a term DYgY, (pf+p1) in the parity—conserving term of (L4.25),
'which would contrlbute D(mf-mi) to B. Essentially, the assumption
here is that terms with these properties are not dOminant in the
6—) 6 + T interactlon, s0- that the deviations of (A ,8) from

the forms (L;°23) may be neglected, in first approximationo

9 :
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Under the operation of charge conjugation, the baryon and

meson octets transform as follows:

60' @“ , : : -(L.26a)
m! S 7)7; - C (n.26b).

The corresponding transformations for the traces in expression

.(Ll..19) are then,

R(BsnB) «—> F(ENSK), - e
\vﬁ(é’@sm} <—..——>‘7;(567”8), o _('L;.zmj
T Bk @) —> FEMTOS),

with Tr(EmaS) ) Tr(BS@M);, and Tr(ﬁ—@)Tr(MS) remaining invariant.
For the A-term of (L|..25)’, we have P = -1, and CP-invariance for
the weak interaction @ﬁ @ + M then requires that expression
(L|..19) for the A—interactions should reverse sign under the

operation C . Thus CP invariance requires

Sy = Ay = A =0, (t202)
43 _ ;—‘ﬂ‘ ) | : - . | : '(L’;.eas)f
hoeky s
A = A s

Expressions (L4.23) then become '
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4(/\:) = —»/'32"4/ + /an, | (4.29a)'
A(ZH) = —¥F4, ‘ (4.29b)

AGZD) = —VEA +VBAs, | (k-29¢)
where A(BQ) refer to the decay mode of baryon B of charge Q,v:
leading to a plon of charge q. These expressions (L. 29) imply
one additional relationship, ' -
QA(Z) - A = —BACZT), .o
.first«pointed out as a consequence of CP invariance bije11¥Mann
For the B-term of the interaction (h 25), we have P = 41,
_and CP invariance for this weak interaction therefore ‘requires
that the corresponding expression (L. 19) should be invariant

under the operation C. ~'This requires

8/____ Bé', - 7 K : ’. _ : (h.31 a)
8= 8, S (4.31D)’
3= & | - o (W3t0)

with no new constraint on B2, Bh and B9. These conditions do not

impose any new relationship on the B amplitudes.

the amplitudes as follows
With the form (L.25), ZA and B are related to the deﬁ?ﬁ)

[7e> 84 = M{/ﬁ/’((ﬁﬁm)_m;) + - ] )
where q denotes the final c.m. momentum, The asymmetry parameter'

a for this decay mode is given by & = 2x/(1 + x2), where
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58)

= pfs = (BRIl iy m#]},é (1.33)

wheré we have assumed again that A and B are real, on the basis.
of time reversal invariance and the smallness of the m = Bf :
scattering phases. For EE: and Ag decays, the amplitudes A
and B are well known from rather detailed polarization studies;
for the S decdys, the amplitudes given are obtained from the
partial lifetimes and asymmetry coefficients given in Eqns.

(L. 5) and (4.6). The amplitudes (A, B) for each of these dncay

'processes are collected -together-in Table IIL ~ For a.glven

decay process, only the sign of B/A is determined by the etperi-

mental data. The absolute signs are not known for the individ—

_ ual sets (A B) As a convention, we take A(A ) to be positive- :

then, the question is whether agreement with the predictions
following from the Cabibbo current- current form and octet dominance.

can be obtained for some assignment of the signs for the A

‘ + — '
-amplitudes for the £  and =_ decay modes. -, With the sign choices

shown in Table IV, we have 2A(Z=7) - A(Ag) =+ 0.51 0.0L, to be
compared with the: two possible values (1) +0.29.+0.0L, and (iis
+0.62 * 0. 06, ~The agreement with poasibility (ii) appears

reasonably satisfactory; the agreement would be improved'vfor

»
A better fit is obtained in the discussion of the empirical

' status of the relation (4.30) by Stevenson et al.75), who hawe

used the value a(z;) = -0.90 ¥ 0.25 obtained by Tripp et al.68)

“both.of these possibilities if the value a(Eg)were close  to -1;

Further relationshilps, especially for the B-amplitudes, have
74) ) .

been obtained by Sugawara and by Lee Sugawara assumedi
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fhat R invariance should hold for the weak non-leptonic interaction,

where R denotes the operation of hypercharge conjugation. For hn‘

octet xj, the operation R is given by ) , .
RXR = X" - (14.31)
. d , ' -

where the choice €, = +1 18 characteristic of the octet X%. For

X v ,
the baryon and antibaryon octets, we have* :

6;*&’ 6« ) 6,f ~2> 8;- | - (w.35)

* 1t s uhimportant which choice is made for € here, since all the 

—

expressions of interest involve both aB and 45 s 80 we choose L

‘€B= +1.

Then, for the paeudoscalar meson octet, it 13 necessary to choose

Y :
m £, + /72,,', (5.36)
since the é?éQZM strong interaction is dominantly a D-type coupling
(and so the product énBia even under R). The effect of R on

expression (4.19) is then simply to reverse the order of the matriccs :

in the traces. R-invariance for (4.19) then requires

A=A A4 = Ay . A ='45—, o (37)
. with no conditions on A7, Ag and A9, and '

with no conditions on B7, BB and 89 It has been emphaeized by
Hara77) that the conditions obtained sbove from CP invariance must

8t111 be taken into account. With (4.37) and (k, 38), phggg legad
. to the following equalities for the amplitudes, -
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ANC) = AGED) = —BA(SE = -3 A (.39)

Bk = —B=) = 8D - —HER). o)

These expressions are necessarily eonsistent with the Gell—Maph-
relation (u.3q) for the A-amplitudes; however, they are also °

consistent with the same-felationehip for the B-amplitudes,

2B(=) —B(AY) = —BB(ZL),
given first by Sugaware7u) and by_BoW«LeZQA'rhe expressiens (4;39)

and (4.40) are roughly in-accord with the data shown on Table III.

Exact agreement would not be expected, in any case, for 1t 1s
known that R-1 nvariance does not hold exactly for the strong

1nteractions. The outstanding requirements of R-invariance for

~the strong interactions, which disagree with theyexperimentai‘data,

are as follows:

(i) R invariance reQuifes the meson-baryon Yukawa coupling -
te be ehtiiely D-type or F-type, and does not allow a mixed
coupling. \As discussed earlier, this/eoupling‘is dominantly
D-type,ithe £/ (f+d) ratio probably/being in the lower half of the
range 0.1 - 0.5. Pure D-type coupling would require the existence
of a (70) decuplet ( (KN)O, N1, Y1, _.3) of ﬁ;& resonances, degen— ;

erate with the known (10) decuplet in %he 1imit of zero mass
splittings. These (-5) decuplet resonances certainly do not exist.:

'However, ihe‘work of Martin and Wali)has shown that the forces

effective in these two representations do rapidly become dirfeient
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as f moves away-from‘the R-symmetry value, f ='O; in fact, no
(Tﬁ) resonance would be expected to survive, for f as large as O.1.
(11) With R-invariance, the branching ratio I'(pp->m'n )/T(pp—>K°E°)
is predicted78),to have the value 1, apart from tne phase-space ratio,
whereas the‘experimental-ratio79)for stopping antiprotons is 7.0i1°0.
(1i1) As pointed out by Coleman and Glashow1o), R-invariance
predicts zero magnetic moment My for the neutron. Since M & -H,

D

and R-invariancebplaces no .such restriction on K.y it would appear

D
rather unreasonable to attempt to attribute p, to small deviations
from R~symmetry.

On the other hand, for the weak interactions themselves, the
main mctivation for considering the hypothesis of R-invariance 1is
. the possibility that the currents (Ji) may transform simply with'
respect to R. - For the leptonic ‘transitions of the baryons, the

vecta currents - (Ji)v do transform with € = ~1,

AR = = Hv ; o (4ek2)

@((f) )R Zh, |
since the relationship of these currents with the isospin current
requires F-type,coupling° R-invariance for the weak current Ggh
i)A

would then-reduire the same € for (J , whereas we know that. the

axial-vector currents are dominantly D—type' the ratio F, /(D +: E&nﬁ@-

was obtained from our discussion of the Cabibbo currents in Sec. 3.6,
Hence, despite the agreement between ‘the data and -the relations :

: and, (- 40)

, (4. 37[ the hypothesis of R-invariance ‘for the weak currents appears
to be directly contradicted by our knowledge of the baryon leptonic-

, decay processes. o

‘ However, B. V. Lee76) has considered the hypothesis of combined
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RP-invariance for the weak currents. For the vector currents, the

parity P-is -1, so that RP-invariance requires
iV ~/ Y1
Wt = - (%) (4e3)
7? EQ( J S Z? d o, : ; ),
corresponding to F-type coupling. A However, for the axial-vector

currents, the parity P 18 4+, which means that RP-invariance requires*
7?{(:7“ A}PJ = 4+ (7, ) (L. k)

s0 that D-type coupling is required. - The observed axial-vector
coupling doescontain more D-type-than F-type coupling (although
the ratio is only 2:1), So there is less objection to the RP- -
invariance hypothesis on this ground than there was to the
R-invariance hypothesis.

For the B-amplitudes, RP—invariance.has the same‘consequences

as R—invariance; since P = +1. - Hence the relation

K= — A2 = -—1@2':‘ © (kb5)

‘agaln holds for both parity-conserving and parity-reversing parts. =

" of these decay'amplitudes._ For the A-amplitudes, there are now

some additional constraints., Here P = -1, and so RP invariance’
requires expression (4.19). to reverse sign under R, Taking into
account the relationships (4.28) following from CP- invariance,

we obtain the equalities

A (s

/
&=&;@=%=%*@ , BRERES)

leading to the following relations for the physical emplitudes,
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Table I. - The Matrix-elements for Leptonic Decay Modes of Hyperons,“"‘

according to the Octet Hypothesis of Cabibbo.

e

Transitioh " Vector ‘Aiial Veétbr" R Branching Ratios
o : (i) U.F.IL" (ii) Experimentalsu)

n—>“p“ | cos 8 (D +F )co;é‘ - f o fl -

2’—>”A _‘/3 Dpco ... 2. x 1 o-h (Q«°7,5,:°A‘22\8). X1°-h
A—>p ~ 4/% sin © J%(DA + 3F,)sin o 1.5% (8.4%1.0) % 107k
" —»>n " sin o ('-bA + FA) sine  5.8% (13%32) x '10—5
i »/‘% s é:.‘-’l/%(‘bA—;FA)s;in .. ?.’0% (2 % 1y) x 107H

* . The branching'ratibé'listed in this column correspond to the
hypothesis (U.F.I. = Universal Fermi Interaction)'that:theseidecﬁy
. the same vector coupling
interactions all have the Oﬁ-A)Ibrm wﬂ%{strength as the nucleon

beta—decay interaction.

266

Ssction I |V - (0.64 * 0.05)A| Vs (0.37% 0.10)A] V= (0.14 +0.07)A

Section IJ V - (1.0 ¥ 0.05)A| V - (0.23 * 0.10)A| V = (0.84 % 0.05)4

v

Téblei II. The”(V A) forms predicted for the strangeness-changing
beta-decay interactions using the Cabbibbo currents and the two
solutions for (DA'FA’e) given in the text..i The only form known
empirically 1s that determined by Rubbia: et a1.55) for the A->D

transition, V—(O 8 * o. 3)A. S 't_‘f, f .

i

d
:
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Fig. 1.

Fig. 2.

Fig. 3.

Rig, u.
“the K->ﬂ ‘weak vertex.

Fig. 5.

“element (3 h?) with A =

Figure Captions .

The axial-vector vertex (a) for'the‘leptonic transition
C->B is expressed in terms of therne-pion exchange '
graph (b) and multi-pion exchanée'graphe (c)‘involving
3w, 5w, etc. exchange between CB and the lepton vertex
(c,g) , . |

The Fk distribution observed by Burnatein et a1.8)

in 2% —>A + e + v decay is compared with ‘the’ distri-
butions expected for a pure axial-vector (A) interaction

and for a pure allowed vector (V) interaction.

'The muon kinetic energy spectrum 1n K+ decay, obtained
: by Bisi et al.}s) from their study of K decay events in

‘a hydrogen chambez*@aeed on 670 eventa in the range

5 - 35 Mev) and a propane-freon chamber (baaed on 550

 events’ 1n the’ ranges 5 -'95 MeV and 105 - 135 MeV- the

range 95 - 105 uev ‘is omitted because of confusion with

the pions from K:Z decay) Theoretical ourvea are given

" for the valuee f/ﬁ£F = -2 and -9.

Graph illustrating the contribution of K* exchange to

e : s RSO EANTISIERI IR L | SECERY
The mﬂw epectrum obaerved by Birge et al. in Keu

decay, K->t + o 4+ e* + v_. The theoretical curves
. . - e s P o

are:

(a) the m““‘spectrum obtaineéd with the ‘matrix-
: constant, and B = .C=D =0,

(b) the mﬂ* spectrum obtained with matrix-
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element (3.&7) with 'A'= H(sinxgii/kﬂw), H being constant

~and B C = = 0, The I = 0, s-wave m-w scattering

n‘phase 8 used corresponds to the Chew-Mandelstam ex-

Fig. 6.

31 zhn. :

'pression (3 60) with zZero- energy scattering length Q

(c) the M spectrum obtained for the B term of

_3 u7) alone, with B taken to have the ,same contant value

a8 taken for A in spectrum (a) This spectrum corres-

~nponds to ZNLemission with I ; 1, p-wave relative motion,

The amplitudes (Z o+ /22 ) and E+ are compared on an
(A B) plot in order o test the triangle relation -
3 + /22 Z predicted by the AI = 1/2 selection rule.

o The comparison is made for the two configurations (1)

ﬁand (ii) for the E amplitude, for each of the possi-

. bilities (a) and (b) for the E and E amplitudes, which

Pig. 7.

’come closest to satisfying this triangle relation° Thek
amplitudes used are those given in Table III.,

The amplitudes (2_ - A ) and (-/32+) are compared on

_an (A B) plot inﬁorder toﬂtest?the SUB‘relationship,

28" - A% - -/32 -predicted on the basis of octet
dominance and other assumptions.u This comparison is

made for the two possibilities (i) and (ii) for the 2

~amplitude, as given in Table III. The relation is

v

satisfied by the A-components for the case (1). we
note that the partial decay rate P(E+) constrains
(—/—z ) to lie on an ellipse with axes along the A and
B axes; with d(z )“’-1, the vector (-/— 2+) would lie

270

roughly midway between the two positions shown and would

then agree well with the vector equality.
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*Note added September, 196)4._.. Thc simplcst W-—meson schemc which

: 0-2 o4 06 o8 A o
O . . — . » lcads to non-leptonic decay interactions of octet forn involves

transforn:as:a:unitary:triplet.: ?he ;apprqpriate,interaction)forms’."

7 are then: .- crcdon wror el Dolvoan wio {09 0w

f ein g A gl oy IO ‘ SISO
t 8in:@ {J3cz 10& e J3q 2Q 30, 3Q 47h, cf ’ (1)

l A : - | B s B B R Tt Eh e S G B Et S V'f‘ h Geriios Somoen kT oL
LWJ ﬁ"cos ?ef{Jzome + Jz&‘lzq +. JZQZ\B +. h.c.} v ,(ii),,w,\

SR where J‘j is. o traceless octot. The curly ‘bracket: of expression o
T s v © (4.11) 1is then givcn by tho form. . el it
OGN S R R 152 5 2 2 3 -
. P ) <I‘WST"W:>N sinecooe\ " 3«*"' J; J&-q- J J3f~~ e h.c} (iii)

~ : 1 i f
0 : ; ol
/\_ proportional to (’_I‘_3 + 2), where ‘Tj _ %JﬁJJ

%
("
£

"The corre sponding

e : torm in the AY = O}non—lgptornic interaction is then given by the

form

A e o ' <LWJLNJ> ( I‘wsl‘ws o~ sin
. (Note that T3is not traceless, so that: {iv) also mcludcs a singlet

—'J" : ¢ . "
i 75-8 am/;/:fudes _@20 whose elements are proportional to members of the same octet. /bgig.lan

- d'Espagnat and_ Villachon (Intermediate Bosons and Unitary Symnetry,
and (e‘? = —/\ ) are p/oﬁed ‘ to be publishéq (19'6L;))~ have pointed out that the 'coupli'ngs (1)

29 Tg + cosze'l‘2 T 4v)

and (ii) actualiy, involve interactions for only five indepehdent
767‘ 'Hle Cases 0} and - (/) Of ' vector particles. If the following transformation is made from

S R REDRE e '75[;/(54«171—;“ N L A i ‘ (Wys Wps Wy) to the fields (wy, Wy, Ws): R
I | S | L wy =W, | o o (v)

Wy = W, sin 0 + Wy cos 9,. o : (vi)

W, cos © + W, sin 0, S (vii)

W3 =T 3
the W-interaction takes the form
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2,

(Lye + L f~t(J2,cose + J3qsine)"1“ + (qucos o+

VS l.\'J

2
2°cos © +
(J f J2()sin9cose + Jigln 9)"2x+ (J

(JB‘X + J2 »)81n6cose +. Jg sin e)w +~hﬁ-c:}-;:.(.‘,’ii,1)

We note.:tha 1t the:coefficlentrof W3 isfhcrmitian,'so;that only the
_ficld Re(w3) (w + w3) is couplcd. In this schcmc, the field
Im(w ) has: no couplings, and_ thcreforc no. physical consequences,
80 that therc arec effcctlvely o;Iy five vector mesons required.

It J is not ass umcd tracclcss, thcn additlonal interaction terms

J

OTsinoW Tr(J)aand o‘fcosQﬂZD(Tr(J)xvnay be #dded to (1) and " (11)

3
rcspectiv01y°“ these torrs -also- lead to coupling with Rew3, but not

i

w1th Imw3
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JCOEXH DUHSHTIECRHUX HA.VE

539. 12

YHIITAPHAH CIIMMETPIIH SJIEI\‘.[EHTAPHBIX ‘IACTIHI.

CA. Al CMopoauucnuu
§ 1. BBE,H,EHHE - . S s

i Conpememmu qmsnh, HcCAeAysl ABICHHMA B MHpe anememapnmx qacra,
cquTaeT CBOKW PAGOTY 3aBODMIEHUOL, ecin OH MOMET cfbopmynnponau 3aK0--
HOMEPHOCTH ' SKCHePIMeHTAILIOro. MaTepHala ~ B- KpaTKoil ¢opMe. 3aKOHOB
coxpanenna. JloxBarToBaa ¢usNKa 3mana INmb HECKOABKO (GyIAaMEHTANB-
HEIX 3aKOHOB ~COXPAaHEeNmNsd - KAaCcCHIecKoil MeXaNnNKy; B (u3uKe  KBaHTOBOH,
n ocoGeHmo ©B QU3EKe anememapﬂux qacmu, HAKOOOIACh y;ice 60115111&1}! .
CepH TAKIX 3AKOHOD. :

“'Moser OuITH,. 0GuMIE 3axonon coxpanemm CBA3AIO C TeM, T MH eme
ne 3EaeM Gomee’ rryGOKROro MeXaHN3Ma, KOTODHIl peryJampyer MHOrooGpasme
fpoleccoB, IPOHCXOAAMEX ¢ JacTunamu. B 6yaymem, seposarmo, okasercs,
970 MIOTHEe 3aKOHH COXPaHeHUS CBA3AHH 00mieil NpHyANoil M ABAAKNTCA Cled-
CTBHEM ‘HeKOoTOpPoil ‘ofmeli - CHMMOTpPUH I POCTPAHCTBA - 1 - BpeMenH., Onnaxo
ceiiac OHM BHCTYIAIOT KAK He3aBHCHMEIO I OX nayqemzre ABIAETCA OCHOBEKM

DANpABJieHHeM COBPeMeHERIX WcCaefoBamui, -

" -3akoHH COXpaHeHusa B QH3UKe B7eMenTapIEIX qac'nm o cBAsammas ¢ meil
CHMMETPHA’ XapaKTePHK TeM, 9TO OIM ' BO ‘MHOTMX. CIYYafAX OKA3HBAKTCR
HE TOYHEMH, 3 AHMb OpaCimkeEEnMu,. B csasm ¢ o1uM b dusnke nmoasnnack
HOBas BO3MOMKHOCTH H3YUYEHHSA SIBICHEUIT, 00YCIOBICHHASN TeM, UTO HapYIIeHNE

‘CHMMGTPHH OKA3HIBAETCSI  BO MHOIHX CIYJAAX OTHOCHTEJILHO MajkM IO cBoeil

Be/IMYUHE I JOCTATOYHO HPOCTHM IO CBOIM CEOHCTBaM.

IIpxsepoM TaKoll CHMMETDHR ABAACTCA HIOTOMMYECKAS cmme'rpnﬂ, ﬂapy—
MAMHe ee SJICKTPOMATHITHEHE 1 cialhie B3aMMONEHCTBH YOPOMO HByIemsl.
He 6ymer’ GompwuyM IpeyBenHYeHHEM . CKA3aTs,  WTO - HanGoldee  MHTePECHHS
Pe3yABTATH JOCTHUTAMNCH B QH3NKe IMEHHO TOTAA, KOrZA BELACHAINCSH 3aKOHH

" HApYmemns cUMMeTPHH. STy JOHHI0 MOKHO IPOCAERHTS ayKe D ACTPOHOMH-

gecknx Habmofenuax. I'amureii cuuTald, 9T0 NIJAHETH. COBEPHIAKIT CBOI: NYTH
10’ eCTeCTBEHIEM KpyroBuM- opGmram. Hapymenne axcmanbroil® cmmmerpnn
myTeff miaHeT, OTKPHTOe Hemnepod, HpHBeIo. K CO3ZAHON . KI2CCHICCKOH
smexagnkn. Tprnymdom obmeil Teopun oTHOCHTe/NBEOCTH GHUIIO OTKDKTHC IBH-
meEnA nepureans Mepkypus, snaMeRyiomee codoit eme oHo napyn.eane cum-
MCTDHH — 3aMKIYTOCTH opluT KiIaccHuecKoil: MeXaHAKA. - ‘

_...B xBanToDpoil‘dusmre BONPOC 0 HOBHX BAKOHAX coxpanemm Boaﬂm-a(,r
TOIZa, KOTAa HHTATCH MOHATH CTPOENHe CBSBAHNHX COCTOARMAI CHCTEMEH.
Ompmme ypoBmeii - aToma BojI0poAa NIPHBEIO K. MOfewIH ‘Bopa. Crcrexaruita
ypoBmeil OKasazach CBS3aHHO ¢ HOEHMH CBOHCTBAMH CHMMETPHM, KOTOpPLE

1‘
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1. A. CMOPOJOHHCKIIM

1LKO MiOro JeT cnycrs Ouiin chopmyanponans. (DokoM B dopMe cnMMer-
m-:xhl‘zpa‘meum B yersipexmepuoM Mupe *). BosMoxnocrs uncro rpynmonoro
11 H . - )
})nncamm aTOMa BOJ0 PO MpecTaBiaseT cofoil 0geHS BasKHOE ﬂnne}g;elllz;ggh;_
noii PU3NKe, KOTOpoe He3aCAYKenIo o6XoqaT B GoALIIHCTBE KYPCOB K
BOIl MeXQHITRIL. . . .

CiMeTpIT OTIOCHTCIBHO MCPECTAHOBOK ¥ CBA3AHNMI c,mmg 3}})}1;1}1{(::::
Ilayaun #awT Bo3MO:KHOCTH IOMATH CTPYKTYPY YpoBHeil aToMOB
DJICKTPOHAMIL, ) )

Bp Afepuoii guanxe n3ydenne ypoBHEedl aTOMHHX AIep npﬁiizgxxérzn;;;’xg

it H CBA3AHHOIO C HEl H30TO -
TIO 3apAOBOil MHBAPHMAHTHOCTH 1
chancTI:Ja. Hzoronnuecknil cunn wacrTan u sgep ,ABAgeTCA ceifvac Heo :1}{011::
OpUBHTHOT XapaKTepHCTHKOIl, YeM OOHYHHIT CHIH HIH 3apAx Axpa. > ap -
tail Burmepom B 1937 r. 3akom Coxpamenms M30TONHUECKOTO CIHHA O Hapy-
SRIUI_CBOIO NONHYW Clly B (QU3HKe 3MeMeETAPOHX YacTHIL. . orom

Ho Tex mop moKa GHUII HIBECTHH TOIBKO JBO THMKCIEE JACTHIH, np6 o

II HEeHTPOH, BONPOC O HOBHX KBAHTOBHX YICIAX He BOZHAKAN; KOrda ke 65}15“
! -
OTKDHTH TCHINEPOUN, BO3HIIK . BOIPOC O TOM, B ';%Lflococwon'l' npuq;llligi r;fac ](1)1 o
it eMST JKHIHIL cex 1O AAep: -
mofi CTafMALHOCTH, TaK KaK Bp
I6auu—or1em> Goxbmoe Bpema. IlepuM maroM mocTpoenmA TeopHM, m;x;
M B MCTODHH TEOPHE aToMa, GHJIO BBefeHNE (IJIaBHOTO KBAHTOBOTO qHC;KIOB
AT CUCTEMH  ypoBHeil GapuOHOB (TaK MOKHO ‘HA3BATh cemencmo‘Hymlxc‘)“la;I
; M. KBaHTOBHIM VYHCIOM OKa3alach OTKP:
1 runeponos). Taxmu. rrapEn 1 i
: I‘enn-Mgunon) o Humumesmioil «crpagroctsy S (win runepsapsap Y, paBAEHE
B). . . S .
cymme S u. Gapronsoro uncia B _
Y Ceiiyac MH He MMeeM HA MaJjeiimero IPefCTaBACHAN O TOM, ¢ KaKIMY ;231; 3
CTBAMH CILOO B3aNMOMEHCTBYOINX YaCTHI CBA3AHO 3TO xnaxﬁnonoi ho 1e10.
Mu se 3naem, ABIAETCA N OHO HE3ABHCHMAEM OT OOKMHKX cng:l;n:{, Ko nl;) e
it KOil I TeopHeil 0THOCHTENLHOCTH,
ONACHBAIOTCA KBAHTOBON MeXaHHMKOM T SHoCTH, I ero Tpo
BieHo Golee rayGoxoil Teopueit; Ho, .
HCXOKAEINO MOKET GHTE BRI 10, Mosmier Ourrs,
HHBEIM, * CTPAHHOCTE ' €CTh  IIPOC
1.-9T0 KayKeTcA Ooee ecTecTBe s OMIARTIO0
it H_TOro HO 0YeHL IOHATOro ¢oHAa, »
OIIECAaHMe - B3auMofeiicTBUA JacTHL o doma, Koro
it KaM Bakyymom». Ho, Kax 61 T s
Kl IPAEATO HAa3HBAThH «PH3MIEC
Empm?ne CTPaHHOCTH, HECOMHEHHO, AIBIAETCA OJIHAM H3 CAMHX CYINECTBEHHRIX
HTADHEIX 9JacThI. .
3TallOB pPa3BHTHA (QHIHNKH DIEMe:
e Ilnff TOro 9ro0H BKIIOTATL ¢CTPAHHOCTHY B alIapaT TEOPHH, Heoﬁxomﬁg
GhiIo  paCHIHPOTL CXeMY - H30TONHIECKOro cmEa. - IlepBas .mommrka Tax
ofa GI}ima crenana CakraToil Al A2) pacCMOTPEBIIEM - CXEMY [1{4 3) ynmax;
" it A ), -a . Takxe MapKOBHM
— Hefitpor — -A-rrmepox), p
HOTO - BEKTOpa -(IPOTOR — Heil
" OKyHEM X-"'.Ounaxo BHJENCHAE N3 BCEX TPIEPOHOB B OCHOBHOHﬁBe}ci;ZE
TOJIBKO TPeX OKa3ajJoch HEMOCTATOIHO pannxanrz:nnml,w ar; ﬁg;azmll{}zﬁminou
:SU-(3), npepnoxerras I'ems- .
TeopHn mpuHecna cxeMa-SU(3),
3T(;pCXeM§ Koropasa OHia DpmHEATA CHAYaJa O9eHb CAEPHAHHO, OKA3aaach
b}

it an-
ceiigac manGonee odderrTnsroli. Tpuymbom ee: GniIo ompm"ne IpefcKas ’

-Gt o , .
moro e Q-mesona -G, : ol -
i BaHa IEpBHM - aBTO

‘Cxema Temn-Mampa ©2:3 g Hefimana €! 6rura  Has p

poM ¢BocEMepmIHEM myTeM» — oightfold way» "l. Harepecno omem'lrhl;n':?
rpynna SU (3) ompepensier: CHMMeTDHIO YDOBReil TpexXMepHOTO rapMo
CKOI0 OCHEIIATOPA. s :

i 1 . eCKOM
*) Tor darr, 9T0 yPOBHE aTOMA BOAOPOAA orpa);&}z:l%i; (;E:ﬂu;z:pﬂgﬂ:: gegmauzﬂ
HoyTATeNeH, TAK K REASEEIM
TPeXMepHOM MpPOCTPARCTBE, OUeHb : !
u%;mneﬁne B cgoe BpeMa naoronmecxor;:ﬂ:oyﬁmo gg;;:; gpl?;::f;:t]::; i yiTossomn
**)iHasBaAge IPYIOH CBA3AHO C JI€. Ll e
1] I ABHJIBHHE HAMEDERHH, Ipas) s T
HEA: OPABEILENS BITAAAH, P 2, paniTi-
ﬁﬁ,ﬂiﬁmmg UPABIAE AR MUIAS, PABRILKIe JOATAA, NPABIILA00 MEmLT ; n’p

BAIBHAA KOHOEHTPRIEA. .
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YHHTAPIIAfL CIIMMETPIA QJIIEMEIITAPHEIX YACTHIL

Heemorpa na To, gt0 PasUoETI Mace Iiueponor, pasniso nymto 8 SU(3),
BELUKH, * BHACHILIOCE, 9T BeChMa IPOCTHe UPCANOIOKENNSL O - CHMMerpHn
- B3auMopielicTBIA, - Napymalomero cmmerpiio SU(3),  mossoamor ommears
danriveckoe pacmemrenme mace. Bomee TOTO, pacmieHeNHe H30TONAYECK X
MYILTUILIETOB TAKIKe YAOKIIOCH B NPOCTYIO cxeMy. VYemex Teopmn Bee Bpe-
Mt uapacraer. - Ionxyuennse ‘AANMEe - TO3BOISTIOT - OKINATL  3HATITEABHOLO

TPOABIGKCHII B TEOPIH CAaGHX BaauMopeiicTRUIl i1 B Haywensn pearumuii Meskny .

SACMCHTADHEIMI "JACTHHAMIL. 7% o : e :
Vixe ceituac Goxburoe kommyecTso 1ACTHL 1 Pe30HAHCOB, ABA TOfa -Masay
Ra3aBUIMXCA* (eCCHCTEMHHNMIL,  YI0KILIICE B CTPOHHYIO CXeMy Tpex OKTeToB

"M OIHOTO Acraigrera (He canrasa EIHTHGapHOHOB.' oﬁpaaylomux eme onnim oKTer

U ORUH NeKallIer), Tak 9T0 «HACDHCH 13 5IeMENTAPHKX 9acTHI MMeeT ceiinac
BCE OCHOB&HIS - «BBIATHN. "~ 3% /iy e oo ATV R Ly e

*U-YelleX cpaBENTENLHO TPOCTOFo: OMIICAIILs HOPO3KAACT HANOKAY, ITC Olit-

CaHme B3anMofeficTBIA 9acTHOH ¢ BAKYYMOM He ABIAACTCS Gealagemoii 3afa-

IOJBHOTQ BIAAMOAEHCTBHA ¢ 3¢ deKTUBREIM WosTeM. R

Hak. 6w 10 ur 6mio, TeOPHA YRHTApHOH chMMeTpun CTamoBUTCH Ceftvac
-+ HeoGXORMMuM animapaTom, KOTOpHIL qomxen 6uTH mupoxo u3Becrel. C Touxy

3PEHAA yHHTapHoOl Mopem, O[IHAKO, OCTAeTCH HETONATHHM, HOYeMy B Oopo- -

.POAC T 9acTUN, 0TREYAIMUX IPERCTaBACHHIO MIIHMAILNOL p'aaM'epnocmA -
TPCXROMIIONENITHOMY CIHHODY, KOTODHIi B Teopmi Caxarts Grur dynnamenran

HuM. Tlomoskerne specs Takoe e, xaKoe Ouia0 6l B KBaHTOROMH ' Mexamixke,

ecan 6u He CYmMecTBOBAJIO YacTHI ¢o cnnndn'?llz.'Hduuma‘nn‘enemm TaKIx

uacTH " Gblia cxemama Temn-Manmon (kBapru ‘—"q’uarks,E‘);onHaRo*’TaHne?-

YaCTHNH . He GLUIN 06HApYKemH Ha OmETe E2,

- Teopus, " srmouaoman IeHaGII0faeMEle ”«ﬁpaiiacmnu», pasBmBazacs
Isrrrepon F2, Tioxa, ONIHaKO, eme paHO TOBOPHTH ¢ KaKOM-IHGO yRoBae-

TBOPHTENLHOM pemenun sToro - $yHAAMeNTaTbHOr0 I TeopuH Bompoca.
"Hacroaman craten monmma HDeACTABAATE o0l 9JIEMeHTapI0e DBeJeHIe

‘B TEOpHI0 YHHTApPHOI c¢aMyeTpnn. B meit uano;xena TeH30pHasn axreGpa, cBs-

SaHEan ¢.rpymmoit SU (3).: - . . - P e L

’ HMznoskenne Bemercs TaK, UTOOH IOXYepKHYTH aHaiorii ¢ o6HYHON

TEH30PHOI axreGpoil, chazammoii ¢ TPyNHoil Bp amenus WwIn, 970 10 358, ¢ YHE-.

TApHOK rpymmofi Ha mmocKocTHm - rpynnoit SU(2). Doaromy H3IOKEHHE .,

HAYHHAETCA KpaTkuM 0630poM CBOHCTB SU(2). B caepyiomux, § 3 1.4 pac-
- CrasuBaercn o rtemsopax. SU (3)., ¢ - - . AR
. Teopua yamrapmoit CHMMETDIIR DJIeMeNnTap HHX YaCTHN nainHaeTes ¢ § 5,
TAe OmUCAHN cBoficTBa MyabTHmIeTOR, B aroM naparpage onncaHw fBa Kiac-
Ca MynpTHIIETOB: 1) depMuonmme - MYJIBTHIUI €TH,, /ONHCHBaeMie - KOMILTeKc-
HHMU- MAaTPHNAMHE — AX H3BECTHO : UOTHDe: OKTeT, feKallleT M NX ANTHMYIE-
THIJeTH, 2) Go30HHHe MYIBTRILICTH, * OBKCH BaeMEle 9PMHUTOBCKEMI MaTpy-
" mamm — ux H3BECTHO 2; K mHmM Bafo Ro0aBuTh elme M ymmrapmmit CKaIap
T @0-Me30m. ¢ < : SR e T : ‘ '
DopMyan pan pacmemtening mace BHBOJIEHH B § 6 1 7. Mpanmia marep-
, BaJIOB. yAUBHTENLHO HAllOMUHAIOT OPMYIH 3IeMeHTapHOro addexra 3eemanma.
AmBaxorms ¢ aromuoi COeKTPOCKONMell HaCTONBKO OYeBHAHA, 4TO no'axmxaé'r'
AefaHme OOmcaTh pacIeILTennde C HOMONILI0 BBEJEHHA HEKOTODOIO KBA3I-

- MAIEATHOTO WO, KOTOPOe *addeKTHRHO _OUNCHBACT B3aUMOMAEHCTBHG MyIp-

Tumrera ¢ Bakyymom. Takoe moxe Momer Gurs TPaKTOBAHO KaK IIoje - Me-
30H0B F3. Fi, ‘

" QakTmIecKn “‘Bee ¢xazammoOe - o ‘ gopMymax’ paciperienna - Macc * MomKmY

.. OTPAIRYATE BHBONOM . oMy (7,16), xoropre n cozepyar B CeGe. npakri-

_JeCKI BCO PEBYILTATH.
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A. A. CMOPOJIHHC}(HH

STII pesleL’raTu CBO,'EU’ITC}I R TI)CH (bopuynan IIHTepBaﬂOB'Itﬂﬂ OKTCTa

Bapuomnos :(6,7), (7,7), (7 8), mo OJIHOH mm Me30HOB (6 19), (6,28) n ozmox"i :

s ‘pexamnera (7;14).: . :
Hpome mpasmi.- mrrepﬂanon, cymeCTByeT eme Gonbmoe KOI1eCTEO npy—
TAX’ PeayJILTATOR, cBnaanHux c Mamnmmm Monemanm, (bopM-(baxmpaMH, :
PeaKIILAAM, .
.Ocobemnmo mﬂepecna paannnammancn Teopua cnaﬁux Baarmonenc-rmm.
31'11 TeMIl' TpeGyIoT - OTAEMLHOM . CTATBH. -1ty
:-Tocaenmee 3aMedaHHe | OTHOCUTCA = K JIIlTepaType Tax KaK : Kommecmo

cTateil; OMyGIIKOBABHEIX IO YHUTAPHOil | CAMMETpHH, OYeHb . BOIHKO, GHna

c/ielaHa  IOIKTKA oroﬁpam CPABOHTEIHIO HOMHOTO craTell, B KOTOPHX COfeP- -
muTes GOMpIAN 9aCTh 1leil M Pe3yIpTaTos, ony6mmonanmﬂx k1monai964r...
B amx CTATLAIX: MHTATEND. nanucr i naunenmne mrrepa'rypnue yxaaaﬂmx.

g d. nso'rommEcxmn Cl'IIIH R

i Bap;monaa HHBapImlITHOCTL ;mepmﬂx cxm npmnonm TOMY; 9TO COCTOS- "
Hie CHCTEM NYKIOHOB Il IPYTIX' $yHnAMEHTATLELX wacTun ygoGmo’KiaccH-
$umupopars’ ¢ MOMOMBIO N30TONHTECKOrO CHHNA. - Ecmmr npeaere% BIEKTPO-"
MATHHTHEIM, IIOJIEM 1 cnaGEDT B3ARMOICHCTRIeM, TO' CBOMCTBA ! CHCTEMEl OMpe-:
HEJSIOTCH TONBKO nemmm{ou naoToumecKoro cmia T 3 e 3anncm' oT ero :
npoexuml Ts R -

3*IOIiTp0\Ial‘HﬂTn00 moTe 1 cnaﬁoe nsanmonencrnne npunomrr K «pacme- )

IVIenMo» YPOBHeil,  TAK! 9T0 , cnoucm |CHETEMLI. BABHCAT I OT; Irpoexmm 1130-"‘

TOMXICCKOrO CIMHA T3.. . v
.. Bonmopan ¢yHxnns, nporona n nempona onncunaewcﬂ nnyxuounonem-

HOH d)ynmmeu-cmmopou *)

. (»‘1’—1/,\ o
' . ey i
, Hpoemnm naomnnqecxoro cnmaxa 3= +? coo-rnercmye'r 3ap;m<ermoe
' 1
cocTomme p (npo'ron), npoenmm Ta = —? - nen'rpanmoe coc'ro;nme n (nen- -

v _' (Z §)($:;:)

i e« s

5 : ') Kampgan ma noMnonem B CROW 0UepERb 3aBHCHT em;e u or Koopnunar ' coE-
£0B, KOTOPHe MH 311er ge GyNeM BROMHTH FBHO,
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VHUTAPHAM CHMMETPHA 3JIEMFHTAPHBIX YACTIII

$yuruun ¥’ MOKHO ¢ TAKIM JKC YCIOXOM CINTATh 3a GYUKII, ONNCHBAOMINC
JIBA 3apAMOBHX COCTOANI, KAK M KOMIONcHTH mcxonmoli ¢ymxumm ‘P,
ONHAKO [LI7 9TOTO DOBHIC (YNKIINI AOMKIN GHThH OPTOTOHANBUK M HODMIpO-
BaHH. 10 TpeGopamnne Gyaer Bumoaneno, ecan Matpuna U yunorapna, T. o.
ecan oGpaTHas MAaTPHIA paBHa JPMHTOBCKII CONpPM;KCHHOIL: '

Uut=yp*, UU"=1. : - (2,6)
Bri coornomenns GyAYT BHMOMIEHS, ccTH MaTpnna U mmeer nry
e B A
U=(—ﬁ* u*) ’ ‘ - @n
npiTeM
laf+{p=1. : (2,8)

Venoene (2,8) ofsioBpeMeHHO0 03madaeT, 9T0 ASTCPMUHANT MaTPHOH paseit 1.
Marpuna ocrtaerca yHNTapHO, €CJII ec YMHOKNTL Ha exp (ig); AeTep-
MIHAT OCTaHeTcA paBNHM efunmue, ccan ¢=0 wmr 7.

Ecan ¥ npeo6pasyerca marpumeit U, ro ¥ npeo6pazyercn narpnueu U+,
npHYeM YMIOKeHHe HA MATpPUIY DPOMCXOMUT CleBa:

v =UY, ' (2,9)
¥ =Yy, , (2,10
- Ecnn BRImMICHBATh HHAEGKCH ABHO, TO JJIA cnnﬂopdn npeo6pasyomuxcs 1o

sakomy (2,9), mmexc cramar BECPXY H CIIIOPH 1HA3HBAOT KOHTPaBa-
PHAHTEHMIU:

LUyt , (2;11)_

(0 OMHAKOBMM 3HATKAM CYMMOpOBATB!).

Cnunmopu, mpeoGpasyommecsa mo 3axomy (2,10), oTMewaroT MmmekcaM
CHH3Y U Ha3HBAOT KOBAapHaHTHE MU

Ty = U F. (@212)

TocKoNbKY WEACKCH DHUHCAHH JBHO, IODPAZIOK MHGWRMTEACH B TpPaBoii
gacTH (GOPMYIH HECYUIECTBeN. .
Hs mammcammmx (opMya caIefiyeT, uro mpeoGpasosamme (2,9) u (2,10)

He H3MeNACT CKAaJIAPHOr0 HPOH3BEACHH:
¥y =(FU*, U¥)=TFV. (2,13)

Popmyna (2,13) cny:RHT ompefesneHmeM YHHTAPHOrO npeoﬁpaaonamm. \
Bre/leM aNTICHMMETPITHYI0 MATPHIY , o

Egp = (1 0) ' : . ) . (2,14)

wo| 01} '
e,,—e(_io), @)

TOI‘}Ia KaKIOMY KOOTPAaBAPHANTHOMY CHHHOPY MOMHO COHOCTABIHTE KOBAPI-~
aHTEHIi, onycrnn HIITOKC: : .

u eit. o6parnymo

Wam=egg¥P o (26)
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A. A. CMOPOIHHCRUN

\

Hao6opoT, = MOKHO, IOAHAB HHAEKC, HpeBpaTHTH KOBAPHAHTHHE CIAHOP
B KOHTpaBapRanTHRiL ‘ ‘ )
Y 2B W, . 2,17)
Orcrofa cnenyei, qTO pa’IHYme MexAY KOHTpaBapEARTHBIMI I KOBAPHAHT-
HLIME KOMIOHeHTaMu SHCTO (OPMANBHOE M

¥, = — V2, ' (218
¥Y,= Y. (2:19)
B ¢ npE YHUTAPHHX npeofpa3oBanmAX:
Marpuua €*f He MeHIeT P. 8=Ueu'I: e

23
Jro paBeHCTBO Jerxo IIPODEPUTH; - oHO €CTh XIPOCTO CHeCTBRE PaBEeHCTH

enMHNNE OupeseluTeN U.
Taxmu ofpasom, eciu

@ ") (2,2)
¥ *(P g SRR
TO p
(- (2,22)
, e (77)-
3an1eTnh{, KPOM? TOTO, WTO yoy,—0 : ‘ : (2,23) v

] @TPHIECKOTO TeH30pa. )
@ 4ro Marpama &%f mrpaer pois M T
Taxr ;e, Kag H B OOWYHOI TCH30PHOU am‘egpe, BBOATCH o:gﬂazglt:a,
JaBECAMES OT HECKONLKIX WHJOKCOE. CMenIaHEHIT TeH30p BTOP p
AL ALY ) )
A“-(A‘ A’) v (2,24)
b 9 o
a4 | |
' anT-
npeofpasyercs Kak OponaeefieHEe JBYX CHEHOPOB. ONHOI'C KOHTPABapH
HOTO H OfHOT0 KOBAapHAHTHOTO. Cnep 2TOro TeH30PA ) 35)
SpA=Al+45 (2,
OYePHHO, HE MOHAeTCA UPR npeoGpasoBaHUAX M ABIACTCH CKAJIAPOM,
Tenaop

1

A: "'Al

s 7 .

ye HENPDBOAUM. Jr0T TOHSOP axnnnan%men nemqu)"e :3 :g:;:(a;egg;n;e;lﬁn-

J pTaMO 3-BeKTOpa I ,

ctpaperie. CBA3D MeKAY KOMIOEE can
3;21‘05 ¢ momomplo MaTpmn Ilayam. Yupomas CKANAPEO J-BEKTOP

sexrop IMaynu @ (03, 02, Og), DOTYIUM

a AS Ai - iAz
Ab = Al + iAz - AS

P g
‘ 9KBI-
Mu me GyfeM JOKA3HBATE, TT0, YHATAPHLIO npeoﬁpzmoxzan;z:}ac Ta::aopa Ay
BAJOHTHE BPAI{eHHI0 BEKTOPA A B TpeXMePHOM npoc;% e .
Ianeuefimue CBefleRHA 0 TOHIOPAX .6omee - BHCO!
HYHEL. N
He '})”ln'eu Telleps 3NEKTPOMATHHTEOS HOIE. B aroM cng&exzxn:;?elz{?“ﬂ
CKOM IIpOCTDaHCTBE OCh 3 0Ka3HBASTCA BHEJIEAGHHOH, T

) . | (2,27
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a=(5 %) .20)

paHra HaM 3/eCh

VHATAPHAA CHMMETPHA SNEMEHTAPHBIX YACTHIL

Ha 3Ty Och ONpEeRsAALT 3apAf COCTOAHNA. B aTOM cirywae paammopeiicTeue
yike -H6 Oyfer - H3QTOINYeCKN RHBApHASTHHM. Marpmmst npeoGpasoBanns
CTAHOBATCA RUATOHAMGHEMI I MOTYT OHTH 3aIHCAEH B BHRE

exp( =3 0
-7

U .
exp 2

" OBn OUACHBAKT BpamEeHEHe B MIOCKOCTH BOKPYT oca z. Mu morywaem ofEona-
‘paMerpudeckyo HOATPYINY. ABYXMepHHX Bpampesmit R (2). B coorsercTaylo-
meif aToit rpymme TemsopEOfi adrefpe mcuesaer pajHHIA MEKAY BOPXHHEM
¥ HWKEAM HHIGKCAMI. H e[HHCTBeHHHM HOpeoGpasoBaHmeM OCTACTCA YMHOMKe-
HEne Ea dasoBuit MuomuTeas. Mosker GHTH, NMeeT CMHCHK HAIOMHOTD, 9TO0 BCE
CKa3aHHOe O CBOMCTBAX MATPHI| MOKRO NPOWLIIOCTPMPOBATH HAa MORENI gac-
THM, 0 CORAOM, KOTia chepHIecKa s CAMMeTPEA AapymaeTca MATHATHELIM TOeM,
HADpABJACHHHM 0O OCH Z. } . .
BaxmuM cayiaeM CORE-TeHs0pa ABIAETCA ONEPATOP (BEKTOp) H3OTOHMge-
ckoro cumAa 7. B cormacmm ¢ (2,27) mammmeM :

Tg‘ 7.
‘T=(T+,_Ts). . @8

OnevenTaMm. oTO# MATPHIH ABIAITCA KOMIOHEHTH B30TONNYECKOTo CHHEHA,
KOTOpHe caMu Ho cefe Tome apnsiorcs Mavpunamu. Buoy srax marpmn (amcie
CTPOK M CTOAOLOB) 3ABHCHAT OT IPENCTABICANS FPYNIOH, T. 6. OT BeANYNHL
CIEHA YaCTHOH, HA BOAHOBY $YHKNEIO KOTOPOH APHCTBYIOT 9TH MATPHITH.

Ina mywiona T = —;— xommonents T cyrs MaTpums

r(t 0 01y (00
7=o —4): 7+=(00)> #=(s o)-

C DoMomEpio STHX MAaTPAI MOMHO, HAIpHMep, BamHCAaTh TOK, BXOAAMuz:
B caaboe BaammozeiicTere (BeKTOPHHIT M mceBfoBeKTOPHKEIL). Tak, BexTopERIX
TOK, 0TBevanmuit f-pacuapy : BEedTpoHa, MpeAcTaBaneT coboll J-KOMIOHEETY

HN3CTONNYECKOTO TOXKa&
B - Jar=(P|Va (1 +Avs) T | m).

3necs 3aNMCcaH0, YTO MATPHYHKI 57eMeHT Gepercs Me;KIy NavalLuuM COCTOs-
HEeM 7 M KOHedHHM p oT omepatopa caaboro Bsammopeiicrana yva (1 -+ Ayy) .
(A =~ 1,25, yo & ys — MaTpunu Jlmpaxa), pefictByiomero Ha oOHSHHWE CIH-
HOBEe MHJEKCH, X OT H30TONMIECKOTo omeparopa T, MpeBpamamimero mei-
TPOH B IpOTOH. IR

Komnorerra Toka J_, cBsizaEmag ¢ omeparopoM 7., ODHCHEAeT HO3I-
TPOERH pacuaf, a HeHTpAXbLHAA ' KOMIOHEHTA J3 BXOJNMT, COIACHO TEOPHH

' YHOBepcaJsHOTo ~ BaammogelicTaua, B amekTpogmEaMmyeckmi ' Tok. Taxmy

06pa30M, HalpnMep, BEKTODHHIl TOK MOJKHO - 3aUKCaTh B MaTpmiHOil dopMe

(Vs :«V_) :
(.

Ilpn aToM 'y BCeX 2MeMEHTOB MOAPA3YMeBAeTcH HeBLIONCANHHI HHOKC KOM-
TDOHEHTH B o0numoM 4-mpocTparcTse Mmnxosckoro,:Bosspamancs ® gopmMy-
e (2,28), samernM, yto SpT = 0, a ompepmeanrens 3TOI MaTpHO

Det D= (T, T- 4 T-T) 4 T, =T?

(npn BHuHECTEHEE oOpefeJHTeAd OH GELT CHMMETPH30OBAH HO dieMentayM T _
Ty, TaK KaK STH MaTpmOH - He - KoMMyrnpyoT). Iocaeamam. dopmyna
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1. A, CMOPOHIHCKIN

NOKAZWBAET, 4TO ONMpECHANTeAL JacT MATpINy- IuBapnanta npeoGpasoBa-
Mt — KBAApaTta n3oromiypcroro cnmya. fleno, uro ora dopmyna me sasnent
oT NpercTapiIeinsg, T. o, BEpHa X Aw060il. BeanuuNK CRHHA.

JLcst noanoTi ommnueM KpaTKo cHIe 1f PACHIpCHUEC TPYIIH. Ecan otxa-
3ATLCH OT YCIAOBNST YHNTAPIOCTI, COXPANNB TOALKO YCJIOBNC YIIIMOAYIAp-
nocry Detl = 1, To Marpnuu omicuBaoT npeobpaaosane Jlopeuna Lg(4) *).
Tar xar B atoy ciaysae Ut £ U1, To BMecTo ABYX THHOB CHHIIOPOB B TeH-
sopnoit aaredpe rpynnu Jlopenna cymecTnyIoT weTHpC THNa CONIOPOR, Ipe-
obpasyesux - Matpunayyu U, U™, U+ w U*-!, Jlaa onmcamus JTNX THIOB
BRO;UITCS CIC 31AYOK € TOUKOfl, Tax uTo Npeofpasopaulisa 3aMICHBAKTCA TaK:

‘P’u = Ug.‘pﬁv ]
~ W |

‘Yé'—:-(U’)E: ‘I’é, (2,29)

¥ =iy

Onnaro B Tensopuoii anreGpe«L (4) cymecTsyeT oncpailis NOAHIIMAHNS 11 OIY-
CKAMIIA 3HAYKOB, TAR JKe Kax u B anrebpe SU (2). Ioatomy B mopeunesoit
rpynne NpefcTaBlieNIle XapaKTepn3yercs JBYMA HHCIAMH — YICAOM IYHK-
THPHHEX ‘1 YICIOM NEeNYHKTHPHLIX 3Haukon. Temsop B »T0il axrebpe samm-
cupaeTes ¢ noMompto - werwpex marpuu Hayan gy, 6y, 03, 03, e 05 — exu-

Hu4Has Marpia. Teusop )
A= () |

ztiy t+2

ortneuaeT 4-BekTopy; ero mpcoGpasoBanmns IKBIBAIEHTHH HpeoOpaszoBanmaM
Jlopenga. Tax rkak cyMMupOBAaThH 10 UYHKTHDIOMY 1 HEIYNKTHPHOMY 3HAad-
raM nesp3s (T.c. NpH TAKOM CYMMUPOBARHIIN He BO3NNKAeT MHBAPHAHTA),
caey Tenzopa (2,30) menp3s cfenaTh PaBHEIM HYJNIO BO DCEX CICTEMax Koop-

Jnpar,
Hnn nepexopa or rpynnu Jlopenna. Lg (4) k rpynie TpexepHHX Bpame-
nuit R (3) pocratoune me pasiunyaTh, 3HAaYKN ¢ Toukoii H Ges Touxm. Torma
3 TEH30Pa BHULEIAETCS CRALAP — CTO COA. OcTaBiisin B MATPHOAX NPe/iCTAB-
Jienuil TOALKO NNATONAJILHLC KOMNONEHTH, MH NepexopuM K rpymme R (2).

Tarnm oGpaaod, pepyKusst rpynnu
LADRE)DR(2)

CONPOBOKAACTCS . COOTBETCTBEIIHKM YIpPOMCHNeM TeH30pROI axreGpH...
© B saxiouenne -NOKaKeM, Kak CONOCTABIMIOTCA  KOMUOHCHTH TeH30pa
3HAYCUMAM NPOEKLAlI N30TONNYECKGro CHOMHA. :

TeH3zop ¢ p BepXIuMI 3HAYKAMH OTBCYAeT H3OTOMIIIECKOMY cmmy
== T, TaK Kak Terzop mMeeT p -+ 1 rxomuonenty. Ecin Bce nugexcH pamm 1,
TO0 ycnommca HpHIHCHBATE TaKoil KoMnonenTe Tenaopa snavenue Iy = —T =
= — 2 Toma €CIIH Yy KOMIOHCHTH Temaopa p (1) muaexcos papmu 1, a
p (2) = p — p (1) nnAexcoB paBEH 2, TO AMA TaKoil KOMIOUERTH

Ty= —T+p(2)=—20FE@D 4 5 @) 2OZPA (5,50

*) TpeoGpasosanme '4-MepHOT0 NPOCTpPAHCTR3, 3ABACAIME® OT IIECTH LAPAMETPOB,
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‘HPOCTpaHCTBe '.[pH mmexca'

YHHTAPHA}I CIIMMETPHR QHEMEHTAPHLIX YACTHIL

Awn
ATOTHYRO WoMyyaey ans 'renaopa ¢ g(1) HIKHAMIC

1, 1 ¢(2) Ewxmnu sHavuKamy, pannuun 2, SHATRAMI, pasmsn

Pyt (2)—q (i)

e =i W‘W“?ﬁf‘ﬂa;K“”
memw4un
p(f)—q(i). o S
m= m1+mz. L Gy (2.,33)

‘ AN
:
.LIOH(HO CI(ﬂ3aIL, 4T0 ‘IHCJIO 2 (p+q) =1 XapakTe pusyer npescra BJTGHHB,

Y a uneao my —
2=y Xapal\TEpnayeT noar
- .
JJHaenne npoexmm: 7 ma a1y oCh. ATPynny Bp aIMeRUd BOKPYT ocn 3, 1. e,

§3. VHHTAPHAH TPYIINIA

A.'zre6 a
crpoma, T;;M z\x:n;:;;::on rpyumirs' KOMILTeKeHpIx MaTpmm T
TeM, wro 1 SU (2)." By;
eM ofo3naya
i;(lj{onggsmm Tawke. wepes: U man U7 (a, b=1,2, 3) o
ABHO Ko TIOHQETH, Marpmm U nmﬁuparo'rcx TaK, '11-06’

peTbero nopam‘a
MaTPHIE TpeTs-
€CaM HaANO yRrazarh

H ,“f_,-,-‘ﬂ.@m
! {@m

3101 KOHTpa V S
p Bapnamrmn cmmop, cmmop c Bepxmm muxexcon, npeoGpaaye-rc;z

M N TPHIOHS Cy (! l y T: KO a pHd THI I lop C R0
R (s} OOILI0: Ma i 6 1110 B 0
’ eme n D H i c B} y H Il p

C “»J RIS (D ((Dh (Dz; (DB)
mzmop CD npeoﬁpaaye-rcn ¢ 1o
Mommo Ma
coupsuxeHBMit ¢ (3, 3), npeoﬁpaaye'rcﬂ }{aRTIg)mm U O!Ie

CRam;pHoe
DpoM3Benieme, KOTOPO :
e
o6paaonaxmﬂx, onpeAeﬂHeTcﬂ ';ax. p‘ coxpazmorca Hpﬁ Hu‘rapnmx upe-

(@“Y) Q)‘P' (35)

mepamus” onycuan
Beegem nma - LE g HHJIeKca BHIJSIAT  HEave! ‘g
ABA * ABTHCHMMETPHIHLX TEeH30pa, xoropua myesor - ! B efpfx;fgngi)
M

DHAHO, '{TO CHHHOP,

R { 1 (qemme nepecrazzoahu a, c),
=Eape = —-—1 (meverames 5y ot SN (8,6
*-0 (apa mmpexca pannﬁ). ( )

. éabc
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. A. CMOPOIIHCKHR

“'Tax kax Det U = {, BeamuiHa KOMINOHENT  3TOT0, TeH30pa OCTaeTCA
RensMenHoii mpi npeoGpasopamuax TpyNAH. R ’
. JlelicToIie TeN30PA €45  MOKIO IIPOJEMOHCTPHPOBATH Ha IIPHMepe TeH-
Jopa BToporo paura 5 SU(3).
Ten30pH. BTOPOro..Panra Moryr GLTL pasiiX TNOOB. . .
1) W% — Temsop ¢ OXRHM BepXHNM H C OfMIM HIGRANM 3HaukoM. Coen
TAKOIO TEH3OPA SIBMETCI CKANSPOM CPYNIH, a MOTONY HeHpUBOANMHIL TeH-
‘30p (aHaXOIMYHNii TEH30pY KBAaJAPYIOJLIIOIO .MOMENTa B 3JIEKTPOCTAaTHKE)

JONGKeH HMETL Clej, -PABHHEIT wyxro:
Sp‘}’::}l’ﬁ;O. 3.7)

2) Wab — remsop ¢ ABYMs BepxriMM 3HaYKaMu. PazofneM dTOT Teraop
Ha [Ba TeH30pa: CIIMMeTpUYHHII (H0.4 i .b) M aHTHCHMMETpHIHLL:

A ) l}'“";‘i’““ fl,-‘p(u,b}'; o B (3,8)
’ . ':qyl%ab] =,i—,(‘l";'? _“_»wba);: l. ’ o . 1 R (3,9)
\P(é. b} ::_;_(\P-ab + wba ). ’ ’ (3’10) '

Taroe paa0ncHue TeHa0Opa KOBAPHAHTHO OTHOCHTENBHI0 YHMTAPIHX HpeoGpa-

..3oBannit,’ Teneps  MH ' MOKeM  HCIOIBIOBATh TEH30P  Eqpc. YMHOMHB ero
na_ 1ensop ;(3,10), MH NOIyYBM CHEIOp: ¢ Of[HHM HIGKHOM 3HATKOM

MU i D W g WP, Coeee (31)

: M v i ERN (.4 i LR - -

Takuym o6pa3oM, aHETHCUMMETPHIHHEIl TEH30p LTOPOre PAHIA IKBHDATEHTEH
B aroit axrebpe cnumopy. HaoGopor, ciMmerpnynmit Tensop (3,9) ympocruts
‘HeapsA. IIponmssesienne ero Ha & maer Hyab. IIoaToMy MH MoO:KeM 0003HagaTh
depes Wb CHMMETPUUHEI TeH30p; AHTHCHMMETPUMHHMMA TeH3OPAMH MH BOBCE

1101B30BATECA ‘He: GyfeM. ;i IR LIRS R ST T RRE I S
3) Amanormynile paccysiIeHHA MOKIO IIOBTOPUTE JJA TEN30POB ¢ ABYMSA
HiuREEMH 3HagkaMi - W, HCHOXB3YR AAA 3TOTO CAyUasd TeHsop &%¢,'B pe-
.3yaBpTaTe U STOT TEH30D MH MOKEM CYUTATH CHMMETDHTHEM, ‘
Bco cxasanmoe MOKHO NOBTODHTHL AJIA M0Goil NapH BepxHAX HIH DapH
HIpKENX 38a7K0B. IloaToMy ofmuii cydail nenpaBoZAMOrO TEH30pA XapAKTEPH-
. 3yeTcA JIBYMA - IUCHAMU ~— JHUCIOM . HIBKEAX H YACTOM : BepXHAX 3HauKoB. Ilpu
. aT0M ‘BCe CJIeH . (CYMMH 1o, 1Kol Hape aHAYKOB ONHOTO. HHFKHET0.M OfIOr0
BepXHero) ROMKHH ofpamartscs B Hyas. Hempmeopumue TensopH (2 cooTner~
LCTBYIOIHe ¥M HpeAcTaBienns). ofosmavaior .’ cmmsoxom D (p, q), tme p —
9HCI0 BePXHHX HHJIEKCOB, 2 ¢ — 9YNCAO HIKHHX NHIEKCOB. TaxuM o6pasoM,

ME IPAXOAHM K CleAyiomeil Kraccuduranun Tersopos B SU (3):F vt

..D(0, 0)—crannp (ozma roMmomeHTa), ... .. .. .. .
D (1, 0)— rourtpasapuaBTHNI cOHHOp (TPH KOMOOHEHTH), . . ...
D (0, 1)—xosapnamTasI CIMHEOp (TpM KOMIOHEHTH), - -

D (1, 1) —cMemannmuii Temsop. Wy (BoceMb KOMIOHEHT), . . -
"D (2,.0) — rourpabapuaBETHHH TeH30p W, (mecTh, KOMIOHEHT), . .
- D (0, 2)—rosapuanTamil Tenaop  Wop (IMECTH KOMIONEHT) B T. [.. .

TMpuBeney HeCKoAbKO JopMyst AMA HOfiCTeTa YHCAA KoMmoHent. CmMmer-
PHYEEIT TeH3OD ¢ K HHJeKCAMI (TOJBKO “BePXHHMN IIH TOALKO DILRHMMH)
.HMeeT YHCJIO KOMIONEHT, paBHOe . . .. .

N (5, 0) =N (0, k)=EENEED (3,12

280

YHIiTAPHAH CHUMMETPHOA VSHEMEHTAPHHX HACTHI(

TeHBOp c OﬂHHaKbB CJI '}Kb : X H B\ XH; : ‘ [+
X BIM YOCIOM HHMAKHI p 7
e HX HHAECKCOB HMeeT qICIT

1I113ep1'naﬂ dopuyaa ‘ecrr mpocro wmexo €0coB0B, KOTOPEM MO cocrasuth k
PEX MEexLx wHCen (NCNO eAuRMN, ABOCK I TROGK B uHfexcax). "Bropas

0oy9aeTcsa H3 M3BecTHOI q}() MYJH [, C H Ky0Oon { [ 5
A (3! )
P y'l ' U YMM Yy IHCe HaT, ypanbuoro

1 . ki
7 B+ (k422 = ) s

=1

gﬁxszr;z;:r:e;ﬁ;: CTONT KBAajJpaT HpaBoii gacTH (3:12), 1. e. noamoe wncmo
+ ¥ KOTOPOr0 YHCIO BOPXHHX If HI : '

FKOAX HHAGKCOD Ofi-

HaKo »

DO, 4 CIeAN OTINYEH OT HyJ. TloatoMy MosxmO I‘IHTep[IpeTHpOlellTb

10 HHNYKOuu). S o ’ :
© Jas cryuan Ten g asin o xox-
onon Hy: en30pa c. P bepxamMI 1 q an{Hmm:ay]’;aqRanm 9HCI0 KoM~
» ‘ 1, o o S
N =5+ )+ (p+q+2). (3,14
®@opuyxa noaywaercs cpasy, ecrn 3aMeTHTH, 9TO 10 ofpamenns crenos B Hyxs
9HCI0 KoMIomenr onpenensercs o gopmy:e (3,12) n pasro —,:— (P+1) (g+1)x
X (P+2) (g+2). Yeaonme ofpamens crexa B HysIL 9KBHBAJICHTHO paBeHc;fny
Hya€10 Tensopa D (p — 1, qg—1) C 'IHCI0M KOMIOHEHT T Pea@+1) (g41)
Paan£c15 9THX IIBYX wucea W Jaer gopuyry (3 14) D )
CLLOPL MH MO3xeM 0 My posaTs TpaBmio C’JIOH.CEH
’ : ] ) 1A DeKTOpoB. B -
ﬁezypiminlzi&zzz IIPABITO CBORIIOCH K TOMY, 9TO M3 JBYX TeHaOpl())B c 2,": lzi-yni
2 CHTAMH BO3HMKAI0T TEH3OPH C YHCIOM Ko
rze J mpoGeraer Bce meaHe 3mavenms (au nomynexnte) ot ll;', 321(}1;7;1;?{1— ji,
2

B SU (3) B OﬁlIIBM Cayu p T CJI0 ee 0 ~
JAYylae ODpaBUIIC BHIIAIAT
([T O H 1pome Bce;‘ Aen:

o :
20p ‘P%K(’: gax ABYX cninopos ¥ u W, Mokno cocrapmrs ciaiadp ¥ u Ten-
3 oMuomenTamit. CrMBOIMIeCKY Mu GyneM 1o 3aNHUCHBATE TAK:

D(1, 0)xD(0, 1)=D(0, 0)+D (1, 1) O (3,15)
uIan npocTo oo 9YHCIY KOMOONeHT ’
3x3=1+8. . (3,16)

.
FaCCMO'IpnM HPOHBBEI[OHHQ ABYX TeHaOPOB ‘Fb(D,‘c. HJH TOTO ‘11061:1 HanTm

HeHIpABORHMHO YACTH. nmocTynnm Bo! BbM B
TaK. )
’ ) 3 Q)I pis OKHYIQ CYMMy, OoNyIHB

X =YD, (oxma KouMmoneHTa). (3,17)

Y a b
VX P 0JIb] oxun Pas aBy» CIt 06pa Ty
II OCYMMHDOBAaB TOJX KO 1] ocobamu u THB CXex B 11 b,

e _\preq? ¢ a pe . ' »
, X3 ‘Pb(Dd, X =Y, (mo pocems KOMHOHEHT). - (3,18)
Ecmn ¢ o ; ’ :
3033“(:1100320(:1;1)1;1(; eT}?;;:)xfaa : HOTHATE UMKENE 3HAYKM, a° gaTem CHMMCTDH-
: HAYKaM, MH OPOEM -
o mop oo Bopxn IKaM, upngem K Tenaopy Tperrero pamra

abe’ .. ; s )
X, g D (3.19)
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AYHO NOCTPOHM TeH30p ¢ TpeMA 3Ha9YKaMH BHU3Y

Kave- : (3,20)

ByMA
QcraeTcd enie TCO30P 4eTBEPTOro panra ¢ ABYMA 3Ha'magn Bne};xyaou Illni'eh:yr
3HAYKAMII - BHII3Y TT co caefamy, paBHEMH nyJImo. TOT TEH30p

24-1)° == 27 KOMIOOIEHT )
( : w o). (3,21)

Amajor

Qopyanuias 3amUCk JTOTO peayiLTaTa TaKOBa: 1
pd, HhxDb{, 1H)=D(, 0)+D0(, H+D(, 1)+
el ( +D(3, 0)+D(0, 3)+D(2 2) - (3,22)

I

‘g% 8=1+8+484104+10427. _ (3,23)

' Ta
B ofo3uagcHAAX 0TMEYCH TOT daxkr, 410 ofa okreTa (Tenaopm nropox‘;ia;;f; TL)I
9KBUBAJCHTALL, T. €. npeo6pa3ym'rcn ommnM T TeM ke oOpasom, a A
(Ters0pH TPETHEro panra) npeo{pasylorcs COTpPKREAHMI ManIII.IaMIIIiO op-

Hpusegem eme opmyry AL l'IpOIlSBeJleHPUI IBYX feKaIlIeToB: D
myne (3,13) momen cpasy yammcats (k=

10 x T0=1-48-+27+64 (3,29

D@ 04D, H=DO, O+DU, VD D+DE, 3. B.5)

Tipupesem Ges BHBOAA €ie 'HECKONBKO dopmyar

Ix3=1+38,

D(t, OxD(O, )=D0 0)+D(1, 1),
3x3=3x86,

p(, 0)xD(1, 0)=D({, 1)+D(2 0,
3x3=3+6,

DO, )% DO, H=D( 0+DO, 2),
6% 3=8+10,

DE 0OxD{, 0)=D(1, H+D@E, 0)
Bx3=3+15,

DO, 2)x D1, ©=D (O, H+D{, 2,
6x3=3+15,

D 0)xD(0, 1)=D(, O+D2 1)
Ex6=1+8+27,

DO, 2)x D@, 0)=D(©O, O+D(, 1)+D(2 2),
6% 6=6115-4 15",

D@, 0)x D@, 0=D(O 2)+D& 1)+D(4 0),

ExB=6+15+15,
DO, 2% D(0, =D O+D {1 2+DO. Hou
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YHHUTAPHAA CHMMETPISI 3JIEMEHTAPHEIX FACTUL o

MHu BUZHM, YTO TOALKO NpoCTCilmie IPeACTaBACHHAA MOKHO OINCHBATL
opumy unciaoM. Jpa temsopa D (2,:1) n D (4, 0) o6a nmeror 1o . 15 KoM-
noueu'r, 1, 9To0H pasanunTh HX, M Hucamin 15 m 15’.:

- Bonee panAuHM - ABAfAETCH BHUNCACUTC Roa(bcbxmnemon B (I)opmynax
cromens (roadgnunentos Knebma — Toprana). Tax rax onn nmam He Xona- .
;(oﬁmcn. MH 0 HIX 37€CL" ronopxm, He Gymenm (oun naﬂu B 132)

§ 4. YHHTAPHBIH couy -
~ Topoxo Tomy xax's 'SU (2) mpejicTaBeNme XapAKTOPH30DANOCH BEAMI~
Hoil N3OTOMIMECKOro CHNHA, TAk I B anrebpe SU (3) MOKEO BEECTH aHAMOTHT~

WY XapaKTepHCTHKY — yNMHTAPHHII CIIH, KOTOPHI ,Mu . Gymes . 06o3mavars
gepes U/. Kommorentn NIOTONIICCKOrO CHIfNA, KOTOPHE AMUCHBANNCH B Diljie

Marpunu 2 X 2 : .

i e Tr T
npenc'rammo-r coﬁon renepa'ropu rpynnm Bpamemm 31-0 3Haqu-r 110 Manlﬂla -
nonopo-ra HA yron 6q> BOprl‘ ocm. 3 umeeT Bnp; 5 o

Han nosopo'ron BOKpYr oceit 2 m 1 cnpane;mmm ananomqume d)opuynu, .
B KOTOpHe GYAyT BXOJNTH COOTBETCTBOHHO MATPHUH

» T++T_, Tz——————(T+——T_) SRR _»~(4,3)
Ynmapnmu cunx BBOJlP[TCiI Ma'rpnueu 3 X3 ‘ ‘ i Lo '
Q I. '} L.
|r. Y- Q‘__K__) L (4,'4);
: L+ K+ l—Y_w o Tt

Yersipe aeMenTa, cwo;mme B nenom BerBeM yray, oﬁpaayxo-r Ma'rpnuy mna i
marpamst (4,1), B KoTopoii, OfEaKo, Citeyy We PaBeH .HYIO (T, e. 5Ta MATpEUA
npuBoguma B SU (2)). ATy MaTpuly MOMKHO 33MACATH B BHjE CyMMH Marpus,
OfEa U3 KOTOPHX HMeeT caef, paBEME HyII0:

(gg;é)(oj-?_y_;)ﬁ(gg); s

Cpannunan c & 1), MU BHAIM, 9TO

o-tver o us

fimbis S

Q T; + Y v (4.7}
Ec:m non cchTnenHmz 3HageHneM Q HOHIMATH . aap;m, To Y ecTh MaTpana,
orpedaomas rumepsapagy S 4+ B (S — c'rpannoc'n,, — GapHOHHOE TNCIO).
Oc-ra*mnme JIEMCHTH (aneMemu L,, L., K,, K.) npeacraBasior coGoir

MATpRIH,: NMelONINe Ty - e  GopMy, dro | MATPHOH  H30TONIYECKOTO
comna Ty, T»'n T3, TonbkO onpenexﬂeume B mopupocrpancreax (2,3) u ({,3).
Tax xak rpynma SU (3) cocront " ma npeoGpasopammii, COXPaHMIONEX ~KBa-.
apatauryio  dopyy | X |2 4|V |2+ [Z|2, B Kam:oM M3 ABYXMEDHHX
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TOAmPOCTPAHCTE CYMECTBYeT IMOATPYINa, COAepIRAas CYMMY RBYX KBajpaTon
Mopyaeii, T. e. moArpymma, skBuBamentHas SU (2). Hs. crpyxkrypm marpmn-
nx (4,4) BOXHO, 9TO MOIKHO PA3HEM 0Gpa3oM BHOHPATH CICTEMH KOMMYTI-
pyomnx MaTpny. BRbopas B KavecTBe NOATPYNIH MaTpROL (4,5), M xﬁlony-
amy cacreMy Marpmn Y, T'? n T3, Ecam B xavecrBe Hoprpynm BHGpaTs
- MaTpuny 2 X 2, cTOANY B HIKHeM IPaBoM yray (4,4), To MOXydaeM MATpHIY

- i 5 .
_ 1 K. 0
Y—0 K_)ﬁ Y—30Q. - _;(Q ) (4,8)
K. ——"Y ' K. f_Y+_2.Q ‘ z‘ OQ et
B 5703 Gy 36 KONy THPY IO MaTpIIANST GyyT MaTpuI Q) K7t K, 176

IIpx TakoM BHGOpe KOMMYTHDYIOMIX OIEPATOPOB OANAM N3 KBANTOBKX YICCT

Gyner onpenejaATnCA 3apaAx dacrmuil. TaKoe mpefcTasleHHe YRoGHO mpH pac- :

CMOTpEHHI ‘337127 c1a00T0 ¥ 5IEKTPOMATHITHOTO B3aMMONSHCTBHI. . o
= ;' BepHeMCA - K BHGOPY - CHCTEMEH KOMMYTHPYIOLIHX ‘ MATPIIL Y, T2, Ts
PaccMoTprM  LpOR3BOMLHEIT TeH30P ¢ p BEPXHHEMH M § IIKHHMH MHJEKCAMH.
OGosmayuM ero, Kak I CBA3aHHOe ¢ HOM HpeAcTasienne, depes D (p, q).
Kampuit a3 p - ¢ MHEEKCOB MOKeT OpAHUMATH 3HAYCHHE 1, 2, 3. Beejiem
crefyomue ofoaEavemmA: , .. y S
Y "p(1)—ducno BepX HIX MEIEKCOB, PABHEX 1,

p(2) » » ooy 2, _
Dat o o p(3) Lo I TR A SR | 3,. (4,10)
o " g(1)~—w9Hcno EEKHOX NOJEKCOB, PaBOEIX 1, i
-.q(2) P i » P2, PR
q(3) »  » PR N » 3.

CBsa3b COGCTBOHHMX 3HadeEmii Y, T2 u. T3 ¢ KOMIIOHERTaMH TeH30pa
D (p, g) ycTaHaBAMBAeTCA, eCIH -MH. 3afiafuM;Y JIA KOMHOHeHT KAKOTO-
Hubynpb oaxoro TeE3opa. VIMeHHO B 5TOM INYHKTe I IpPOHCXOXAT BHGOD mMpen-

MaHa B OCHOBY mpmamMaercA okrer D (1, 1)." e
'’ SagapgEM- UHEP3APAA A KOMIOLEHT 3TOTO OKTeTa: .

(¥o(a, b=1,2,3:Y=0, . ) -
W (b=1,2,3): Y=t
S Wia=1,2): Y=—{,
N TR Y,=0.
Hamomamu, 9To koMmomenTH P§ ABIAOTCA CMECHI0 H30TOMIIECKOT0 BEKTOpa
T A30TONHYECKOro cKadspa (4, b=1,2): . .. -
‘I’E—--;—&,?Sp‘l", T-—gemop, 1

Sp¥, T —cxansp, . (4,12)
"-‘I’Q,V‘I’g, v T comEOp, . e TR

e

ByeM COCTABATS M3 OKTETOB TeH3OPH BHCHIAX Mopamkos. lpn TIepeMHO7Ke-
HIE OKTETOB Mil Gy[ieM IOJIY9aTh TCH3OPH, y KOTOPHX WHCJA BePXENX I HILK-.
HIX MHJEKCOB OHHAKOBH, HO CIeAH He paBHH Hyxw. OG0sHdYEM TaKoil TCH-

3op gepes D’ (k, k), otmevan mrpmxon ToT aKT, aro Sp D’ == 0. Tumepsapag,
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CTAaBJeHHA [JA ONHCAHAA PeaJbHHX vacTadn. B Mone:rm"l‘enn‘-Ma_m)xa u Heii-.

(4,11) -

VHHTAPHAAl CHMMETPIIA SIEMEHTAPHBIX YACTII]
. o

OTBEYAON(NIi KOMIONeHTe 'TeH30Pa, " Gyger ONPEeReAATHCA YHCIOM HHAEKCOB,
paBEuX 3,'T. e. wncxamn p (3) n ¢ (3). Tax kax cormacmo (4,11) asuuit Bepx-
At UIIPKC BHOCOT BKAax B Y, paBHRil 1, a Kasemit HBAN NHAeKC BHOCHT
BRIaR, papEmil —1, mns KoMmomenrt Temsopa D' (k, k) rumepsapay pasen
p (3) — ¢ (3). Orcroma. Buamo, :9T0 B KOMIOHEHTaX 9TOro TeH3opa Y maae-
HiaeTcst B Ipememax —k <Y < k. ' ‘

" " Temeps BHaeImM 13" Tem3opa MEIPHBONMLIC COCTABIIOMIAe., Huaa aroro
Lpe;KkyIe BCETO CIMMETPH3YEM TEI30p IO p BePXHUM If OTAeJBNO HO ¢ IIIK-
HOM 3mauxad. IlomydanM EempuBommmert rensop D (k, k), aan KoToporo Y
MEHSIeTCA B Tex sxe mpepesax —Ah LY <k, ) .
“> Ecan p man ¢ 2, To ¢ moMompio €abe MOKHO onycturs y D'(k, k) npa
HArjeltcd, IpespaTuB ABa- BEPXHAX NHAEKCA B OAHA HIUKHERE. TOUHO Tax ixe
¢ TOMOM[LIO TeN30pa 64 MOKHO NONEATL ABA INUKHAX IHAEKCA, NpeBpaTHB
uX B ofun Bepxnuil, Tarum oGpazom Mut Momen Tpenparnts Tensop D' (k, k)

"Bremsop D’ (k— 2, k4 1) nun B temsop D' (b + 1, &k — 2). Hocxe storo

Iaf0 CHMMETPI30BATL NOJYYeHHEe TEH3OpH 10 Temaopon D k=2, k1)
man D (k 41, k — 2) cooTBercreemmo. R

-+ Tem3opH & aHETHCHMMETpPIMHE, HooToMy ecau y temsopa-D (p, g) Bce p
HHAEKCOB PABHL 3, TO YMHOKEHHE 10 Ha €, pe AAET nyan. Touno Tak sme, ecnn
y Tersopa D (p, g) Bce HMIKAMe NOREKCH paBER. 3, To YMHOKeHIe ero Ha eobe
Tare RaeT myias. OTclofla MOKHO 3aKIKNMNTE, 9TO Temsop D (k — 2, k. +- 1)

- MIMEeT Ha OfN0 3HAYeHHe Y MembIue, YeM HCXOXHEH tensop D (k, k): on me

IMeeT - KoMnonent ¢. Y. = k.. Taxmu . oGpazon, -TeEsop- D (k.— 2, k + 1)
HMEET KOMNOHEHRTH ¢ Y b npeftenax ~k < Y < k — 1, Taksxe Mosxmo npnitra
K SamInYeHnw, uro. remsop D’ (k 4+ 1, k — 2) nmeer. KoMmomenTH c. Y
B opegenax —k + 1 <Y < k. Ecim s onyerme 25 BepXHUX HHJEKCOB, Ipe- '
BpaTdB X B s HIGKHMX, TO, PACCYas aHAAOIHNIO,: HaiigeM, uTo Yy HOBOTO
Tensopa D (k. — 2s,.k 4 5) THNep3apAj naMeHsercs B Upefenax —k < Y <
<k — s..Touno rax e gus Tensopa D (k + 5, k — 28): =k ts<Y <k,
« Orcioma. ;1A mponsBoabLHOrO tensopa D (p, ¢) maxommm, momarag k =

= }il_s—zi HS= —-‘.}i"?:'—q(p=k—2.s‘, g=1Fk+s), qaro Trmepaapag HaMeRsAeTCs ‘B

Ipefenax P P T
2 2, A : .

e RN CEL)

T'muepsapan xommomentst Temsopa D (p, ¢) ompenensercn uncrom mmgex-
¢oB,. paBEsM 3, ITomormm . : =

. Y=p(3)—q(3)+a, » (4,14)
TAe @~ NOCTOARHAM. . DTy IOCTOAHHYIO Haiimem, 3aMeTHB, uTO IpR p@B)=p
o ‘g (3), pasmom Bymo, Y paser cooemy MaRCHMAJIBHOMY ~ 3HAYCHII

5 (2p+9). Orewoma o= —4-(p_g).

. Oﬁoénaqaa ) p (3) -—q (3) =Mz, pP-— g=m, nb;]yqabemy. .

‘ Yem—gm g4y
Anaya‘oml‘mov " mosxo ﬁonytm'rb cbopmyny n AnA sapapa:. ' N
L em w4y

e my=p(1)—~gq (1). Ee ua ompenenserca cnmiéwpneﬁ ompenennrenn (4,4)
OTHAOCHTENBHO 3aMent (V' 2—Q w12 2). Ecnn nobasurs e, ato Y —-Q="

= ;mz+§-m, TO MOKHO 3aMeTHTE, 9TO TPH wHeAA My, mg, M3 WrpaioT -

2 YOH, r. LXXXIV. wum. t
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POJb «MATHUTHEIX® KBAHTOBMX wncea. Jas Tore  9rednt cilenartsh . cyMmy
COBCTBEHHHIX < DHAYGHHIT .- TPeX - ONEPaTePOB, CTOANMEX - HMa . Auaromamn (4,4),

paBmoil Ty, BBOANTCA wien‘-:s—mzi‘(m,‘—}-vmz'+ m3). 910 1 ects aareb-

pamgecKas IPUYNHA TOSMBICHHST xcoa(btbuunen'ra—;— B (};opmynax (cp. (2,31)).
M3 popuyan (4,13) Moxno moaydnts nmpamexme AAf «MUDHIEY yHA-

TapHOTO MYJBTHILIETA: , ‘

Ymax —~Yuin=p+gq. (4 16)

o amanormi ¢ H30TODHYIECKUM CIIHHOM, OOJOBHHY - HO.TIHOI‘O qucaa HH}!&KCOB
MOKHO HA3BaTh BeJIMYHHOIL ymrrapnoro cmma U :

L R ] (S 17)

. . 27
TaK_9ro ‘mcno PasHHX smavenmit Y paeHo 2U +1 JIJIH 4lenTpa. TIHeCTIH
MyJBTHIIETA no:lyqaeu )

3.

(Dopuynu (4, 14)-(4 17) nommc'rmo omxcunalo'r rnnepaap;monyxo c'rpym'ypy
MyALTHIIIETA.

. 'OTH GOpMYIH mAKT wia Y- nexse siadenns, O TOABKO ;cum TAKUX TeH-
30pOB, ANA KOTOPHX PasHOCTH | p — ¢ | =:3n, e n — nexoe momommTeNL-
Hoe 4ncI0. B mpnmATOil HAMu cXeMe IOCTPOeHNA Tem30poB m» Tensopa D (k, k)
Bo3amKawT TeHscpr D (k + s, k— 2s) u D (k — 2s, k 4 5), xoTopHe ymo-
BaeTBOpAIOT 5ToMY yeaosmo. Tensopuic [ p-— ¢ | = 3n me Moryr Gurrh mony-
YeHH TAKHEM- IyTeM. JTO NANOMHHAET MOJOKEmWe B rpylle Bpamenwit,” rie
€ DOMOmBI0 BeKTOPOB MOKIO NOCTPONTDH TEH30PH JHIND ¢ NeJKMI 3HAYCHRAMA
H30TOIIYeCKoro CIANA; CIHHOPH C NOJIYNEe/NHM H30TONHIECKHM CUHHOM JOMK-
HE GHTH BBeJieHH -me3aBncuMo, B rpymme SU (3) Takske BOaHHKAKT CHHHEOPH
¢ IeneNHMH 3HAYENMAMH TuIepaapaga, KparEmmm 1/3. Coxpamsas momyden-
Hhle MPaBILIA | AJA TEH30POB ¢ | p — ¢ | 7 3n, ME monyanM, HampmMmep, YTo
4 COEHODA € OZHEM BeprHM sgagKoM D (1 0) COHoOCTaB;IeEHe Y ¢ KoMIo-

HeHTaMO BHIJIAJHT TaK:

¥ p=0, o -

: ’ i" o 1 B .'i
v p=0, w(@—@=-3, Y=-—-5, (4,19)
3, p=_1, . L - ‘=..§_.', :

Anazormine rtessop W, mMeer KOMIOIeHTH C Y = ToF G TakmyM o6pa-

soM, B SU (3) moasnsorea npobELle snavenns ranepsapana. [lonurka o6ua-

PYKHTD 9aCTHIH, OTBEYAIOUIHe TAKHM NPeACTABICHHAM (KBapKm, IO TepMH-
sonorun Tenn-Manma), morepmenn moka Eeyaasy (cM. Baememie).
Temeps MH MoeM NDOJOJNKHTH KIACCHHRAMIO | KOMIOHCHT TeH30pa

H nepem'n K 3HaYCHOAM H30TOIHYECKOro COOHA 1 ero npoemmn. Ecan B Ten- .

3ope D (p, g) MH IOIOIM HEKOTOPOE IHCIO HHAEKCOB PABHEMA 3, TO OCTATE-
HHe MHJEKCH, NpuanMasn 3Eavenns 1 o 2, 06pasyloT TeE30D 8 H3OTOMHIECKOM
npocrparcrse ¢ p (1) + p (2) = p (1, 2) BepxmmMa umgexkcamm m q (1) -
+ ¢ (2) = q (1, 2) grmxEnmn magexcamn. Paanoskenne Taxoro Temsopa SU (2)

HA NeNPHBOJARMHE TEH3O0PH NPOHCXONMUT MO oGH9HOf cxeMe CYMMIOPOBAHHA—

10 OfHOMY HIDKHEMY M OFHOMY BepXHeMY HEJeKCY Ho 3Hawemmam 1, 2. Tax
Rar Ttemsop ¢’ p (1, 2) mEgexcaMm, OPHEAMAKINMME 3HAYEHHA 1, 2 nMeer
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YHUTAPHAR CI{BIMETPIIH SJEMEHTAPHBIX YACTIII

p, 2) +1 Kouupnemy, uaorommecx\xm I ' Takoro Tenaopa . pasen

, Tp=5p(L,2). 0 (420)
AHanorano n:m TCH’%Opa c: q (1 2) IIH}}\HHMH uﬂnexcamx
Te=ga2. U gy

3 p-c p (1 ) P
I en3o 2 -Be pxﬂlﬂﬂl ‘n-q (1 v 2) -HARHEIMNI HpaexKcamyu an[arae TCA
na‘ HerHBOI(HMHe TEII3OPH, COHMHRN hOTOpNX paBHu

o b Tpt T Ty T, oy (TyTy (422)

HaKOHeI( Be quH]ly KO) OHeHIN H ()IOIHI‘](!CK()] 0’ C]]II a on -
¥ J1 {IT 3
( ) H penreiineM o ¢0p

_‘~np(°)~—q(2) p(1)+q<m, o 42

Ta = —-(mzhmc

49710 comacye'rcﬂ c oupenevcnneu Tx Q-——— Yu d)opuynamn (4, 14) - (4 15)

Ta
ynu'raplx?x?; oig:zgn;o ;m [I{lpﬂ:(mm' K cnenylomeu KJIACCHPUKALNN KoMuomeRT
» * OMIOHENTH HeNPHBOJMMOTO  yn
xapamepnaymca OATEO 'KBAHTOBLIMIY ymcaaMm:™ =~ ¢* y nra‘pngl‘(o&’reliilafopa
; )" 9HCTOM” BepXEUX “3magion Py : o
K -2) uncioM HWKIEX 3HAUKOR q,.
- 8) maovommveckmM crmmon T,
Lo 4; .rumopsapsgom Y ((};opuyna (4, 14)),
; TPOEKNmel - U30TONHIECKOTO ¢
P TIHHS - T; opMyJIa -
++ .Batecro P 1 g moxno. Bsecm' @ p ¥ (4 23))

-ri) ynn'rapnuu cnnn U (p + q) (d)opMy'xa (4 17)),

2) «HeHTp -mmec'rn» M
ynb'rmme'ra C= -
Bmem Cr T 3 (p—q) (d)owyna (4 18))
3 uomno nnomm. KBanTOBLe gncna’

=tz38 (4,24)

m,-—p(s) ..:.q (S): .

B R e
3 (m‘ +mz 'ﬁms),
1: ;

7

. s Y=—~[2m3—m‘—m2]

Ynena m. ‘ v
1, Mz, M3 BMECTE ¢ UnT npenc‘raanmor
co6on rofi &
l\BaBOTOBLXx "ncer, onncﬂnalomnx YH@TapHRi Mynm‘ifgg; ,aﬁop o
M o pias
CTHM eme N0se3HYI0 $opyyny fus TEH30DOB, ¥ KOTOPHX €CTh anagkn

TOTEKO O[IHOTO copra,— Tensopos rona D (p, 0) D’ ©, 9). I‘nnepaap;m KoMmo-
uenrst Tenaopa D (p, 0) paser cormacuo 415 Y =p (3) — 2 Haoromue
3" )

CREf ’k
cmE Romnonenr c: aaganm.m Y ‘pagern, ‘O9CBHHO, - [p ~—2.(3)], rar

KaK.p —
q-m. gﬂ z fe ](12) €CTh HICJI0. IMIeKCOB, paBnMx 1 mim 2. Orcwzm MH BHZHM
pon ThIa D (p, 0) cymecwye'r CooTHOMIenme '

Y+2T--——P L ey
u,asa.wormuo .zum renaopon D ©, q)- B e
S5 ‘ 2, TR UPIEU ST
mvaamady
2
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amampmeM’'Y. Pacemor-
‘Takm ofpasoM, y TaKmx . -TeH30poB T oupenenne'rcn aap
UM Temeps HeCKONLKO My:xb-mnneron. .

: Taﬁnnual
o Mynbruuneru SU (3) : ot i
' D 0 3
1. Oxret D (i i), U= i . I‘Ivjll.erfnnner l;josap;nnrnuu ( ),
SR >
Y T : : Y T
- i : - _ s | 372t
= e 0O | W (e, bye=1,2,8; | 1 /
Yy (a, b=1.2)" o ;'::(ab'—-i 2, 3) ) ‘;
- ‘*’» =12 ] LML e, 2 R R
w" (a—12) B R . ‘I’sss : | =2

‘P‘ =Y =v n He nxmoqen ‘noaromy B -raﬁmmy
III ,Ilexcamm Konrpanapuamxmu .

S D@OU=g L ] ,} a}': | f?'r

| LT leseasnny |2 5
wore (g, b 0= 1,2,8) |~ |32 | |EBOea=1,2,3 1 3}/21“/02
Yo (a, b= 1, 2‘3)"1.,, SR S T ?gg(a,b,c,d=l,2.3) S0 atal
Y (@ = 1,2, 3) Az Y332, b d=1,2,3) [ —1 3/‘2.“/2
s SEONEIH s B B TR =123 - |2, e

§ 5. MESOHH ¥ BAPHOHEI. -
T e T
COHOCTaBml Tenepb ymﬂ'apm TeHaopaM peallhzmie anC:;ﬂ?::acgch ey
6apmomoB COCTONT N3 HYKIOHA M IHOepOHOB A} n;.B e
BRIAMH . IpeHAymero maparpada, ero Momgo aangca‘r
(BeprIm nH]IeKC—chOKa, HIGKHAR —— CTOJI el:()

sz'+

. (Bb)- E ;f'

Nl 4
Hoad)d)mmemu B Ma'rpxme Buﬁpaan 'rax, qroﬁm B Bupamexmn ‘
SpBB pp+nn+2 Z’+Z°Z°+Z 2'+E°W+=‘ '*'*"+/\[\ (5 2)

Ot - Sp ¥=0. .
eRTH GuaR Gi pamm 1 . uto -
e Ig)ig?ggge (5,1) mpoton BxomuT co 3maKoM Mumyc, 3TO coraacyerca ¢ om

‘penenenmeM KOBAapHaHTHKX KOMIOHEeHAT cunaopa dopmyroi (2,22). B mm-.

TEpaType 'HCHOJIB3YeTCsl ONpeJeJIeHne - OKTeTa, omxgaxomeecn or (5 1) nepe—
: CTAHOBKOIl CTPOK I CTONGIOB CO 3HAKOM By y

2908

YHHUTAPHAA CHMMETPIA YNEMEHTAPHKIX QACTHIL

Mezorut (n Pesonancu) 00pasyor ama  masecramx OKrera, OKTer

» -1 K-yezonon. Marpu-
02 3THX ME30HOB coc'ran:me'rca , AHAJI0T IO uarpxme 5.1) u AMeeT Dap

Vz 3 N S K
@y= o w ‘f?m+ﬁ%ﬂ F e
f;‘Q7:L ;kﬂf;l7Tﬂ~K°» 1.fycgn

Oxrer BéRTopﬁux Meaoaoh Q, K* (peédnaﬁc Kn) u ¢ obpaayer
Marpumy . ‘ o : :

IFQ"'*‘Vs R o KY
R E O L
(V§)= ¢ T+ 7e ® Ao

Mesonmks - oxrernt oTamIamTea o or 6apn0}moro ome'ra 'reM, at0 . qacmuu

B HHX BXonAaT o;monpememm CO CBOMMH amm{acmnaun 9t OKTETHl OIKCH-
BaIOTcH 9PMHTOBRIMI MaTpunaMno ‘

P =P, yr_v. ‘ 54

Kpome orrera (5, 1), naBecTem eme 6apnommn AEKAINTeT, BOSTIAD AeMi
SOAMENHTHM Q -THmeponom. Drot AECKAIICT ONACHBAETCH Te:
HIGKHAMA 3HATKaMO - ¥g,, KoTopuii cocronT na 10 Pa3HHX KOMNOHeHT. Drir
KOMHOHOHTEI MOJKHO CBecTH B Tabanny. Iocre HOMEPA KOMNONEHTH (HM:KHI®
HOJeKCH!) ‘MK oTMeuaeym IHCI0. ONMHAKOBHX - KOMIOHEHT s TeHaopa - W,
DOXYIeHHKX HepecTaHOBKOM nrmexcox; Jre Tncxo onpenenser KosddnouenTy
B nocne;mem cmuﬁne R TR 01

: ST i ~'j.Tn6nuua 11
Kounosentu 6apmomnoro zexamaora - e ‘
N R I
. 0 K ’_ R PR ‘L ) i
1 {333 |-2 0 S AP 522 (3) ~ t 733
331 (3) |—1| 12 _12——‘- i
2 10 / / }(13 BN S EEROR Y EP R AP RO
3 |82 | 12 (gm0l o | ' —12] L a0
;;3 112 (3) 72| =4
4 313 | of 1 J—g | s : : 11
@ sk V32 0 | 4m @ e s
5 1312 (g 0 }762“’ 10 | 222 (1) 321 A-- 1

Hopunponxu BHGpaHu Tag, aTo6H B Rnanpanmnoe Bupan\emxe ‘I’ ‘1’ ‘Bee’

HaCTHIUL BXONHIA- C ORHHAKOBNM Koadduuuento, PaBHHM egHHHDP.
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§6. PACH.IEITJIEHIIE MACC MVJIBTI/IHJIETOB

) Mym.mnne'ru HaCTHI HOJHOCTHI0 BHPOIKNEHH, T. €. BCe MX KOMIOHEHTH
nMesn GH CTPOro OfANOAaKOBHIE MAaCCH, eCan Ol JAaCTHIK HH C KeM He B3alo-
neitcrsoBann. Hannune coapEOro B3anMofeiicTBHA € BHPTYANBHHIMH 9acTII-
namn (GyfedM FOBOPHTH U1 KPAaTKOCTI—C «BAKYYMOM») IPHBOART. K pacImensie-
HHI0 MYJBTHILIETOB, 3TO PACIIEILICNNO MOYKHO OMNCATh cmocoGoM, BechbMa
GAMBKHM K TOMY, KOTODEIM DB KBAHTOBOI MeXaHHKe OMNICHBAIOT 3eeMamoBCKoe

pacmennemle ATOMIONX ypOBHEH.
ByHBM CYNTaTh, 4TO Baamionencmne Mynb'mnne'ra C BAKyyMOM OIIHCH-~

BaeTCA . HEKOTOPEM . 9PEKTORHEKAM HOCTOAIHHNM MOJNeM, KOTOpoe IO - CBOIM
cBoiicTBaM ecrs BemecTsenElt Ter3op D (1,1) *). OGoznaunm none wep23 H=H}
(e erp. 30). Jlana Gosee TOYHOrO ONHCAHN S PACHICILTEIIA MOIKIIO BBECTH ¢IIOM»

1 (Gomee BLHICOKOrO pamra, H?&’, H}}f,’? E T. A.; OAHaKo, Kak GyaeT paccKaaaio
HHiKe, CPAaBHCHHE C OHEITOM IIOKA3HIBAET, 9TO COOTBETCTBYIOMEE TWICHH B3aii-
MoJefiCTRIIA OKA3KBAKTCA MATEMM. B cBoGoanuil (HeBoamymentHil) Tarpau-
AUAH  CHCTEMH nxonm‘ Macea qacmnu B }(ouﬁxmamm

m Sp VY nan Gapaomno, : ’ 6.4)
m2Sp T, qas mezonos. S !
Bomyme}me (naalmoneuc'rnr{e C «I0ZIEM») Gya;e'r noﬁamxm'r, CIaraeMoe K Mac-

¢ Ji1f GADHOHOB 1 K KBAJPATY MACCH U1 Me30HOB *¥). YToOH BRNCANTY ATy
Ao6apky, naiiieM a=aIor MyJALTHNIONGI CIICTEMH, I’Ia qumumn ¥ n ee COHp}I—

JKCHHOI ¥ mosxmo CoCTaBNTD ***)
O—nom,' Sp‘l"‘lr . L : .
8-nom!. ‘I’“‘I” + ‘P”‘F". SR N

Oc-ram,nue KOMIOHEHTH oﬁpaaylo'r 27—nom,. : :
"Cpenmee sEauenne 0-mons (ckansipa) onpenenﬂe'r nenoanym;ennyxo M&ccy,

8-monp mpuBefieT K BO3MYMmMEHHIO, TIPOTIOPIHOHATNLEOMY HE b 27-IIOJII>——K ‘BO3-

Mymemuo, OpoHOpUROEAABHOMY Hii.
- Ecam W — apMnToBo (6030rH), To 06a 8-m0NA PABH, TAK Kak [WIf 9pMil-

roppx Marpm . PV = FW; moaroMy. na . KOMIOHEHT - GapHOHHOTO -~ OKTeTa
MOJKHO * COCTaBHTL JiBA 8—no.vm, 4 M3 KOMHOHEHT ME3ONHOTO OKTETa TONLKO

oanH 8-moxasn.
AHanormmo n3 uounouenr nexanne'ra MO)!{HO COCTaBHTB:

O—HOJIb: (7, ‘I’),

8-moan: Yabew ot 6.3
27-mons: P, S !
64-mosmn: WU,

(Bce caenn oGpamenst B Hyasn). 1Ipi BrBoge OPMYN COIIACHO CKAa3aHHOMY -

BHIE MH GyfeM quuna'rb TOJBKO naamxoneiic_'mne 9 8-noxeM.

*) Ectn paccmatpmparh B aToli CXeMe peaKnuu B pacnanu TO neoﬁxommo 6yAe'r

YUNTHBATL 3aBACEMOCTE KOMIOMHENT TeA30Pa OT IHEPTHH.
**) Tax Kak .pacmonienne. y GapHOHOB CPaPHOTOTLHO MAXG, MOMXHO c'm'tan. 910

B AXA AOX DOXYYAlOTCA COOTAOMERNS JJIA KBAaXPaTOoOB Macc.
k) J.'l,'m xpamocm nynsmnom. ck ROMIIOROHTAMHE M’H Ha3uBaeM k-noneu. L

’ 300

YHHTAIT‘HAH CHMMETPH}! SIEMEHTAPHHX JACTHO

o
X HaqueM C ﬁapHOHHOI’O OKTeTa. Baamuouem:mue [V Il()JleM H ()l]lI()HB“aech’
JIBYMH 'HIBHHMH .BIfa - (C[ H CZ—HOCTOHHHHG) ; :

Butepon romeon g1 pe DT H G SPHVEL (g
Hiepem = :
Hocn,lx)o M:ceﬂepb H. Ecrecrsenmo » NePBOM . NpR6nmKeny TpeneGpes
ooTmi0 ¢ BHYTDH H30TOIMYeCKOro MYIABTIILTeT], . cauTan, qro 713 b pas-
o TaBATHCA XOPOIIHM KBaHTOBEIM uncaon. B xorne crarm’x M nmpojon-
gﬂg PACIICIVIBNNE . H30TONMIECKOrO MyALTUmLTeT, Hpaccmorp e
sano epem H 1ak, 9ro6u orirtRoii ot HYa51 6hu1a 65 KOMHO[IeIﬂ‘ H‘ T
Jxeucmne c noneu 6,4) nepenncm:ae'rcﬂ B Brme a 1. or,na
. . > AA[—-a\P' ‘I”'—I—b‘l”"]”, S . . (6 5)

Hocrosm
B e i
bCA K TO 1718 Mace 6 g
o ) £¢ GapHoRoD mo
Ilt © anmavenud (rge mo -~ Macca Henoamymenuoropomera) s R YR

m(._)—mo-i-a, .

m@@)=myrd, | :

o _ om(S=my, b [“  L “»‘,,::(‘6,(‘5)\"
(En R m(A)~m0+——~(a+b) ‘
O'rcxo;(a cnenyer tpopMyna Tean-Maugpa — Oxyﬁo .
: —Im( )+m(N)l~—lm(E)+3m(A)l (6 7)

Ec:m leIIH;ITb Maccy Z 3a *

HOB MOJKHO COCTaBHIYB Taﬁﬂna}?;o(;;;qenmn )}Vroﬁua mssecTm 3 siace 6apno-

pem TOXYyCyMMYy - Mace oﬁenx KoMuonent). > ‘

o Qopuynan (6,6) 'MOXHO ' mpmjars ;zpymzf BE: prit Fasanze I
3" doprmynu (4,5) MOHO NoayanTs, wTo oocne mo-

ﬂnrepnanu B ﬁapnoaaou

gf{?i;eg];; :zx:lu:i;a:ﬁm; T;(o SU(2) nnrapnanramu rpym- e
Onpene:m'rem, paBen It 23 21 06 ompoxenutons, I : m"}}.‘f " ’
ov - o=+-<TT R I
Ho u3 (bOpMy.um (4 6) cneuye'r 910 e : g"- “—-253’
L = OY T2 —.——-Yz { SRR | Ao o1
IRV 84 . (AN

ﬁ;iz‘;’;;;’:;fr;;:;::::;;:zm::;::::s:;: C 8 I

. g ; 'Z A =38

You T(T+1)---——Y= : ©(6,8) 3

HOBTOM
y Macca 6apnona c TO'IHOCTBIO no TIoHoB Hepsoro HopAjKa pasma

’ M =M+ MY + M, [T(T-H)-——Y*J (6 9)‘
me Mo, M n M, — nosue O CTOSHHE ,
we. B raxox B
MeHATL K moGomy Gapronnomy MYJILTHIIJIOTY Cnﬂgﬁeu‘g?xg;'yﬁy In; ???om}l;-'
] 1 4

‘1M, yc'rananmmae'rcn JIerKo. .

———
- *)-Ecan oGozmamam, cB.MBOJIOM x i
ﬁapnoaa pazmocrs namu 6
TO (IiopMyJIa (6 7) npser xm;; g8+ N = 3 A Dieen ap‘m‘m ity 2" ‘
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Bozmnkaer ecTecTBeHHN{l BOIPOC ©0’'3aKOHHOCTH NCHOJB30BaHHOA (GopMya
Teopnn BoaMymennii nepsoro mopsaxka. ficmo, uTe Mepoil MamocTH Boauyme-
HUA 3eCh He MOKeT CY/KNTh OTHOMEHHe pacIielIeNHA Mace K Macce HEBO3-
MYIIEHHOTO Mynmmmera, Iajo0 meKark Apyroe oﬁ'bﬂcnenne, CTPOro roBopA,
TAKOBOTO® cefi7ac @ CYIMeCTEYeT.

~ " Mosxno- Tpe/lcTaBOTh cebe, 4T0 B 6apn01mom MYJIBTHILIET® HOT BOECe
mpmMeca Gomee BHCOKO{l MyJBTHIOABIOCTH; NOACGHO TOMy Kak y Aefitpoma
HeT SIeNTPHTECKIX MOMEHTOB BHIN®' KBAafAPYOOLLHOTO. 910, 03Hayaer, 9TO
- T6 CymECTBYeT ApyIoro 6apuolHOro MyAETHLLIETa ¢ Gamakoi Maccol; KoToprit
yMor 6H BHecTH BO3MymenHe Gojnee Hmakoil cmmeTpum. Bo BesAkoM caydae,
' pesKoe BHJeINAe B3AMMOAeHCTRAA HU3IMeH My ISTHIONBHOCTH ABIACTC BasK-
BHM ($aKTOpOM, oﬁycnonnnaamm;m ycnex ncen CXeMH HapyIemus ymmrap-
HOIT' ciMMeTpRH. <

‘Ecnn sxe-ydgects B MaccoBoit cI)opmlee none H (xomnonema H% I3 T0

K (6,5) nobapnres craraeoe *)

‘ T, O (610)
KOTopOe capnmer Maccy A B d)opmy'xax (6 6) ma Bemmxmy 2¢/3. ficno, aTo 972
nocrosHHas GyneT ompemeisTh OTKIOReEme oT. dopMyaw (6,7), Tak 4ro

=—32m (=)+2m (N) m (2)—3m(A)] ©11)

O'rcrona c.'Ienye'r, aro c~36 Maa, uro & onpenenﬂe’r Benn‘mny ¢Baan 27~

noas ¢ oy,
. Hepeiinen , Temeps X - JeKaItery. B 9TOM" c.'xyqae nonpamca X Macce

' onpenem’rcn c.'lenyxomrm oﬁpaaou._

AM leabalI!abs_ » , w ;" ‘!‘ . (6 12)
g C nomommo Taﬁ-'l. II oAy, cnenyromue anaqemm Maces : i
wm (9) m°+d [

m (‘:‘*) .-mo—l-——d

m (2*) =mo+-3-d, -

S m@®)=me 0

Taxm oﬁpaaon, D MeKameTe YPOBHI PacLOMOKEHH sxnnnncwanmo ¢ pac-
cTOANmeM — 1 —d. Wa omura a10 paccrosmme pasHo 145 Mase, Tak uro

LA 7 d=435 Mae. T (6,14)
91\nnnncmnmoc'rh MOKHO IIO'[Y‘!HTL u3 cI)opmy.'m (6 9), c:m yqecm, uTo
R fieKaIIeTa mo: gopmyae (4,20) N
. T=-fY+1 .o T 7(6,15)‘
Q'ri(yJia
o e (Mo+2Mz)+<Ma+ Mz) v, 60

rne. Booﬁme I‘OBOpﬂ, IIOCTOHH]IHB ne paBHH IIOCTOHHHHM ome'ra.

o :
*) 27-mone’ HMeeT - KOMIONCHTH: v —-'iféa‘l’d; — ‘I’”‘Pbba —‘P“‘P;bb-l-

+'¥’ ‘P"b“bb “Yunomesnne 27-n0an 52 H§3 npusener K cuemeﬂnm ocTalpHNX Macc, Onga-

Ko 910 cMemenne CBeﬂ,eTcﬂ K nepeoﬁoaﬂaqeuum HOCTOHHHHX, TaK 49TO MOJKHO ; ABOO

PaccMaTpuBaTh JMHMEL mepeuii wien 8 sanmcapno it gopumyae.

’
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ux xpagparon. na OKTeTa ncesnocx(anﬂpn

6,13)’

xyxe. Jro, 1O-BHAUMOMY, MOKHO 06bHCHHTL Tex,
eIe - OlMH BEKTODHHIT Me30H o (Y = T
" ROKEH BOBMYMATL OKTOT (Talu. V). -

ll;uxonm', BooGme TODOps, KaKk 3a paMkn rpynmom SU 3)
nBa;)ymennx(chMeTpnn, ouncammyo sume. To, '
Me30Ha (©-Me30H H @-Me30mH) ¢ 6.
VIHBKOMH MAaCCaMI U ¢ OJHE
;gl:{hmn 9QHCAAMH, YKa3HBaeT, II Ho-pupmMouy, attno Gonss mee
: c
E?—Meng::ngzaﬁﬁgﬂ%ﬂ;ﬁfne KkoTopot memonCTpHpYerca  pacmenenmess @-
ax mapymerno commuerpun SU - (3) n
1R o
:ga:nenmo na::gc ¢ u @%mMesomon. Opmax opuRORI I pac
paMep po SU (4), mpmeognr K - ysenmuenmio 9ncaa KoMEomenT Mynsrn-

YHHTAPHAH CEMMETPIIH annmznmpﬂmx chmu

Il.vm MG3OHHNX - OKTeToB dJopMy.v:a o
GapooHHOrO, ecm  momoMHTH B xeli g =5
mare My=0) 1 cunrats, wro arm Gopmyn

nyqaerca na q)opnxyn AN OKTeTa
=e¢ (u1n -3 gopryie’ (G, 9) ‘momo-
JIH HALUOCAHK He AAA Macc, a Jif
BIX ME30HOB mOAY9YmM, IO aHAJO-

Tmm ¢ (6,6):
L :A —"SP(HPP)’ L A
m’(K) m'+e, ] ‘
m“(n)_ '} ”

v

i T ey

m’(n)—m’+ £

my B 9TOM dJopunyo KOHe‘!H . ' '
’ 0, I® : paBH
ﬁapnonon._ 8 P 0 HOCTOKHIIOII my B ¢OPMYJIE JUIH

Ma (6,18) nonyqaeu coomomenne, nonoﬁnoe (6, 7) R T
mR) =l @)+l 0 (g 9)
Heaapara mace nden,qocxanxpuux Me30HOB co6panu B Tabn. IV, 5

TaGanna .

. " “KsanpaTa Macc
- Lot HNCEBIOCKAAAPARIX
: 1030208 (nﬂ'repna.uu)‘ .

TaGauna v

Ksagparu mace - -
BEeKTOPHKX Me30H0B
(anTepranu) ;- -

(Maccays —

AP Ll | =m(m), (Tasy2 (Macca)z —

—'ﬂ’ {0}, (I‘aa)z

0,28 3

e ® 0,46
0,22 K* 0,21
: e 0,03
0. e 0

NN

Coornomenme mm paznocwen KBajpaTos  Macc

l;m’(K)““"‘”"("’ ey

Bbmo.'mxe'rcn Jl(OCTaTO'-IlIO XOPOIHO. L

IIJHI OKTeTa nexropnux M@30HOB : COriacus OKa3uBaercsa SHAYBTETbHO

4TO BHYTPH OKTETA JIOIKHT
0) 3101‘ MeaoH, . ecTecTheHHO,

. T T

1}
Oumcamne Boaymenns, KOTOpOe BHOCHT ©-Meson B DeKTOPHEI{ OKTeT
L
TaK H.3a CcxeMy.
MT0, B NpHpoAe ofmapy:sentt;
Ha cymecTBoBaEHme GoMee DLco-

0 XIpOCTO® pacmUpeHEe TPy,
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. A CMOPOIIHHCKHn ‘
. o , )
nnera, Tak ato pemex—me 3Tou 3arazum IOIRHO 6511-5 6o:1ee XaTphM ? )e 0(}1&2
ZyeT OTMETHTE H BTOPYI0 3arafiky, KOTODYIO NPENOAHOCHT HaM ME3OHIIL! ac-
. Ws upnnenennux nanuux Bmmo 410 B nnyx OKTeTaxX panum nepnme P
c-roamm- o
. mz (K)—mz (ﬂ)—m2 (K‘) ”t’ (Q) o 7 (6,2)

flcro, 9TO TaKoe COOTHOMEHHe T MOKET caenoBaTh A3 chMe'rpnn .g] (3).
3necx: pedp TeT O TOM, HTO CBAI3b PAHEIX ME3ONMEIX oKTeTOB c-1oaeM H onu-

HaKoBa (yﬂunepca'lbnoe BaaﬂMOT.(EHCTBHe) Ecan’ taxoe cananem{e e cay- -

qaitHo, TO €ro o6 bACHeRAD TOE JAOMKHO OHTb CBA3AHO C Hapymgﬁug:;inﬁz.gzg
pHCOKOIT cumMeTpuH. MoskHO emte yKasarh, qTO eCJi 3aMeHUTH KB nl?r I MAce
¢ ®ux momycymumoii, TOXYyYeHHAAs CxeMa mpaKTHYeCKH COBHANAE T co oxer
Mofl TICeBROCKANAPHOrO ﬁllire'ra. Oﬁ;ﬁ;}mcﬂ K Boamoxmoc'm onuca P
1 xazannoit lIzunrepoM
mennﬁ;egﬁogommx, NefiCTBRTEALHO, YTO nesmun MeaoR Br;onm ‘B o:-r:r(; 1:(::;:
Hil B-DTOM CIyHae DMEET cnen, omxmm.m ot ﬂy:m. aKoil OKT

BaeTcs Marpuueu R : ‘
'?Q‘,f EIDTEACER A Sy

TRl sty R
¢ Q°+V6 + _ (6,22)
K ;h"_ Ko —1/—-qe+

B xauectne B3aNMOeiiCTBIA, napymalomero cm.me'rpmo, noamen 7pa caa-

raeMHx: OJHO OGHMHOTO ~THIA, SpHVV, a Ilpyroe—npoc'renmee, KOTOpoe .

pacmenaser Maccy © .1 @ Bro- propoe claragmoe M 3ammest IPocTo B Bi-

5 hoo. Baamsopeficroue, KOTOpoe M paccMaTprBaeM, . “remeps. 6yAeT negg:

MeIIIBAT - 1 @-MEBOHH,  TaK . KaK OHO COACPIKUT KBazipat anexgn;a{gwe
. sAmero B BIKAEM IPaBoM YTy (6 22). Urax, paccmorpnm B3AWMOK

AM = gVaV3+hm(o SR '{ (6:23)

O ‘ .
Baanmoneiictoue (6, 23) npuBoAuT K cnenyxonmm MaccaM ME30HOB (m HOBAA

noc-romma;x, He cBA3alHaa ¢ noc-ro;mnou s (6, 18)):
’ ,m’(K)—m.,-i—g. S
m! (Q)"'mol :

m’(¢)~mo+~g. v

. mz (m)—mo+ g+h

m‘(w¢)=2-‘/—g, L

2 (op) er's QO
m? (0p) oﬁoanawae'r ManH‘IHHH HICMERT, nepenyrunaxomnu chonn;xx @ o
Kax u B Teopom 3ee\1au~a<b<bex'ra peanwue YPOBHN, MAcCH PeabHNX @I O,

uuu B ame-' .
*) Kar npnmep noxomeu cm'yamm, Momso yxasa':s ﬂa pacmnpeﬂue rpy P

amit fo rpypms Jlopesia. Kax ussectzo, Api TAKOM pacmupenny nponcxc;ix;n mepeMema-
Banme COCTOAHRIL ¢ 3aflafENM CHEHOM C COCTORERAMI © MeHBIENE CORAAMI, -,

*##) Cuermmpagne @ W @ PaccMaTpmealoch B paﬁore Cauypau
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(6,24)

YHBTAPHA}I CEHMETPHH 3HEMEHTAPHHX ‘-'lACTHlI

ONBCHBANTCA KOPHAMH Ypanuemm co6c'rnemmx smavenmiis .

(’"‘ 3g)'"’('P)+2ﬁgm’(®)-‘km'(¢)‘ 3

Hax nanecruo, cyuua xopneﬁ ypaweanﬂ coﬁc'rneunux'ana‘lennn panna cre=:
1y ((' 26) ' :

e

() (w) 2m°+zg+h'
'CP“BEBM ¢ (6,24), moaywmm, . . . ,

h=m* () +",;',@ 2m? (K‘)

Tlpoussefienne ~ Kopuei * ypasaerma’~ (6,25) ' pasko < Bemrymme - onpegeanTens -
(6,26). Bmecto dopmynm pas macc Mst momywam: GOPMyny RAR - WETEPBANOB
(Bubmpas 2a HAYATO OTCYeTa  Maccy.@). OTO 3HAWHT, 9T0 MH HONOKEM IO-
CTOSHHY0 mo B gopmyne (6,24) pasHOR Eymo. OGosmatan Tenepb KBaipaTH
Mace: B TAKOH  MKaje CEMBONAMN |CAMHX NacTan, Haiifiem, uTo “ompepesurens

{6; 26) PaBeH ihg 'l‘ax( Kax g—-aro Macca K‘, ah onpene:reﬂo ‘BHme, TO

Lop=1K* (m+cp—-zK->

(6,27)

anm, B Kna,upa'mx uace, - o
{m* (0)—m* ()] [m® (9)—m? (o)]—
=- T Irn’ (K‘) rn’ (o)l[rn’ (W)+rn’ (w)-—2rn’ (K‘)l (6 28)

.B npefenax onm6ox< axcnepmten-ra ‘at0 cooruomenne YEOBIETBOpPRETCA
3chepuuenranbmu 3mavcHMAME " Mace,- flemo, uT0 ommcammam mpomexypa -
OCHOBAHA 'HA. MAIONOHATHHX ' npennonomenunx. d)opuansao MH JOMMRER
6HAH  paccMOTpeTs BaAUMONeHcTEYS oSmero TADA h’ (mq) + q:m), nnozm ‘mBe”
HOBHe TOCTONEHNE, A ¥ A, _CpapHeHHe ¢ ONHTOM B 3TOM ‘cllydae HpuBeao 6 .
K HEKOTOPOMY coomomeamo MeRAY: h'm h', ofHAKO HHKAKOrO0 COOTHOMEHHA ‘,
uemy MacCaMH, oqenunuo ‘He: noanmmo. “Pomenne - Illmmrepa oTBedaert |

nuﬁopy h _2V2

w,,‘

g l[ueer nu Taxon BH50p naxou—nn6o myﬁoxnn cuucn, :
ToKaeT ;(a.ubneﬁmee paanm-ne reopxm. .

: ‘\i 7- PACII[EHJIEHP[E HSOTOH}!‘IECKHX MYJ!bTﬂHHETOB \

i Cxeua onHCAHAA pacn:ennemm ynmapxmx uynummeron “MOJKeT Gmb
pacmupena. TaK, 9T00H SKAOYATH B Co0f M OMECAHNE DACIIEIICHN{ Capsyio-
BHX MYALTHLICTOB, KOTOpHe no ycnosmo aana'm ocraBanuch Bupomxeamn
s nonax Hy m ‘ :

Han60:lee npoc'roﬁ oyTs 0606nxe1mﬂ ncnoasayer cmuerpnm y:m-.rapnoro ',
uy.uumme-ra 'OTHOCHTONLHO 3aMEHK 38PAAA HA rnnepaapn):. Bmmmeu eme -

305



: ";1" “A cxoPOgHCKuA

pas ma‘rpnny UapIIOHHOI‘O om'e'ra

Vz 2 Vﬁ‘“l

,:‘NI

PaccMoTpuy moprpynmy, OTBeYAMYyIo MATPUIE, OYePueHHOf B OpaBOM HIUH-
. Hem yray. Ee crpyrrypa, ouernano, aHalormYHa CTPYKTYPe MATPMIH H30TO-
Higeckoro CHUHA; ee KBAHTOBOE YuCI0 HAasubaloT - K-cmmmom. HommowenTs
K-yyasTnmsieTa - ONpesies1AIOTCA - TeM ‘e nyreu, aro . u Aan T-MyabTHOTeTA |
.(nao-ronnqeckoro umynsramrera). Cieg Marpuus ‘nocae YMHOKEHHA Ha V6/2
faer cocrogEme ¢ K = 0 (cpamm're ha!\ uonyqae'rc;l A ns MarTpunu T Myas-
THOneTa)

iy’

BH‘II!Taﬂ 3. IHATOHANBHHX 3JEMEHTOB oqepqennou MATPINH 2 X 2 NOMOBUHY
ee. chena, ORI, q)ym(umo [\ K )

.Qﬁéizéarru ‘sarpmm - (7, 3) coc-rannenm M3 Tpex kommomemr Oy n,
——(——2°+ V 34A), Z°, nonoﬁuo rony Kax naoronnqechau ua‘rpnna 2 co-:

CTABAfETCA W3 KOMIOHEHT Z+, 39 3, : IR
HaRoneu, Rze Gymrmum xmexo'r K-cmm pammu 1/2.,

w-m‘ L ¢m

Komnonenm xcax\non 3 a-mx q)yxmnnu HMeIoT onunaxonuu 3apnn, nonoﬁno
TOMY .KaK KOMINOHEeHTH, H30TONHYECKHX uynymnne-ron HMeIoT o;mnaxoauua
mnepaap;m ST - N

Boauymemm, coxpanmonme 3ap;m, BBOJ.‘(HTC}I' onmonenranu “xomA
Hl 1.7 Bpecs . y..Hac | HeT * OCHOBAHMII npeue6pe'u. ‘modteM H‘}, TaK"
Kax ONIEH, U3 nponeccon HpPHBOAAMHX K PACHICILICHIIO H30TOMIMECKHX MYTb~ -
THIZICTOR, eCTh M3AYYeHHe. MU IOrfomenne’ GOTOHA; MATDUYHHII dTeMeHT
TaKoro - mpomecca’ npeoﬁpaayercu Kak kBagpatr H} mmn,. 970 7O 3ite camMoe;:
. Kax Hi. :

HommomenTHt noanymaxomerocn ‘moaA ‘MMeloT Te ke nnanfonue “anena,”
910 U COOTBETCTBYIOI[ME KOMIOHCHTH GapuoHHOTO N ME3OHHOIO MYJILTH-
nzera (fpa‘ TEna moxedil), Tax Kak’ hnaccndmxaunﬂ, OYenNHO, He CBA3aHa
¢ KOHKpeTHHMM BHOopoM wactun. Ilome Hjj mpeofpasyercs Kak CoOTBeTCTBY-
wman ., koMOoHeATa 27-miera. " B. 'reopxm crabux . B3amyjoRelicTit, 6y)1y1'
Arpats poib KommomentH H u H}, umolomue’ aapm( 1 CTPAHHOCTH (onuw
mpeoGpaayored kaxk K* o K- ) Tar e MOXEQ paccMaTpuBaTh M. MOMH, Hpe-
obpasyromueca Kak Jekander.  Exnicrsennas koMmomenTa ' Jexamiera, KOTO-.
Pas He MeHMeT HI 3apAfa, HH runepsapsna 310 unonem iV npeoﬁpasy-
omanca Kaxk 2. Mu paccuoTpaM ‘ee ‘0TAe no. v
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‘MB achepnMenranmux 3Ha‘10HHH Macc cnenyer, ‘ITO Y=

YEBATAPHAR CHMM’ETPKH SJIEMEHTAPHHX ‘IACTHII

Tamm oﬁpaaou, . IpEMeM Axa noGasknu K MacCe BHIPaeHHe nnpa
AM =a¥% W%+ TS qra—zwnqr,._ ol (75)
Batecre’ co CTAPHIM Pacmenermen - nonyqaen°~ '

-mE)=my+a+ta,

L m(E)=meta, . .
’m(Z) m.,+a, Sk
m (29) = mg+ o (a+ﬁ) Yy T
m(z)__m‘,»_;.p, P AR ¢ X}
mm=m¥%w+w+im+w—#v '
, 8 R
m(n)=my-+b, : :
m(p)—-m.,+b+fi, i
 m(AD)= ’

Hoad)qumem ‘y onermnae'rcn m coomome}mn

v=mm-~wwnman«flﬁik”)

=0 ,95+0,20. Mix -
‘nonosraM -y =0. Ilocae atoro ua (7,6)° BO3HHKaeT eme;, onno coomomelme,
caﬂsunalomee TPN PagmoOCTH Macc:, .

Im(E ")—m (B 0)]—[m (p)-—m (n)]_ M(E‘)-—-m (2.)' B (7,8)
roropos cPaBH’"e’"’HO x0}?01110 cornacyerca ¢ omHToM: R
S 2 T f», ‘ m (E) —m(Eo) = 6:5i 1,0,

IH T m(}_‘,)_m(z¢)_77i03 o ‘

gepneucﬂ -rgnepb K 'BO3MYIEHNIO " THIA ,n;exanne-ra. Ec:m uo-npemnemy -rpe-
onan,,y'rro bl THOEP3apAf B’ CHCTEME He H3MEIULICHA, TO GIRHCTBEHHEI 4JOH
Q=Y =0 geramrera — 1o ‘H12, . npeo6paayzomzmcn KaK E“‘ Bman
B uaccy or ReKaf;1eTa mMeeT BHR <

(AM)E = t’vn.!u:Hmth‘dq’c + 5 Habcwdw

Ocrapass ,TOJBKO I 123 y
iy KO‘I‘O CHH, nponopnnonanmue H n H,z,, o ow6pacunaﬂ Te,
p IPHIX . cnonurcn namenemno uoc'ro;mnux B (7,9), nonymm

(AM)d"KG,(‘P'P ‘l"l’)-{-dz('I"I’ 'P"{’,) (710)

- OTC]O a Boamma o/
n et noﬁanka l{ Macce 2 ° pannan—— (6, + 62) —-—-—6 x uac-

ce A pasuasn ——-6 K nacce 2’ panuan-éh n!\ Macce = pannaﬂ -——62.

He nxonn B npomnopeqne ¢ BKCTCPIMeHTAT LUK nammnn, MOHO - OO~
HATh 8y== 8;=0. PaccmoTpum temepn cmemmpamie A x’ 3. Hs-3a snex-
TPOMarnuTiIoro Baanmogeiictona A 1.3, KoTopHe GHAR cofCTneRmEMIY  co-
CTONRMAME HIOTOMNYECKOTO CINNa, HepeMemmubaoTcs, ‘ocTaBafAch - cofcTnen-

' HHIMH "~ 3HAYeHOAMH, Hpooxuuir njorommeckoro. cnrma Ty = 0, (fAnnenue
LN
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AL i:m’xcpommcmm

ATIAZOTHTHOE TEpPEeMEIIBAILILI CHNHOBOFG CHHTIETA Il COHMHOBOTO’ TpULIETR
B MarEnTHOM Hole.) [Io1araﬂ B (7 l)) y=0, nomy-um

m (Az)~ eimE )—m(-°)~m @+m@l - QA1
Ha 3Kcnepmtenranbnux auavennii mace Haiigem = ,
, m(AZ)=1,5+0,4 Mos. . (7119
Orciofa pan (buamecmxx (cmemaxmu'() cocmmmu nonytum (ﬂanuu D7)
Aga= A COS & Esma, Yo
g dens et | ] (7.12)
- Bpma = 7—Aslna-‘ﬂ2 cps q,;
riae s ’ ) ‘
L _ _m(AZ) . : .
. tg 2a —-‘——————————m( YA~ -—-0 019_L0 006 (7,13)

¥Yr01 @ xapaKTepuayer cTeneHb nepe\xemnnarma coc‘romum c T OuT =1.
Tax Kak HefiTpaIbHHe KOMIOHEHTH 3THX cocToARIl oﬁna,ﬂaxo'r pasnofl yer-
HOCTBIO OTHOCHTeILHO 3apAAOBOil cmpterpit “ (samena- p- L n M At rn)
T0.(7,13) xapakTepuayer creneun OTRIIOHeHHA OT 3apAROBOLl CIMMETPHI A-
rapepona; Ilpumepom peaxnuuil,” KoTOpHE" MoOTyT. OHTB MCHOAL3OBANH I7iA
3KCIepUMeHTAJABHOTO na\xepemm yraa o, MOl‘yT cny;mm, peabmm n'f + d -
—>A+p+K*nn - -—»\+n+ -

ARATOFAYHO. Gapﬂomxouy OKTeTY | MO;KHO paccuorpe‘th Gapuouuuu noxa- g
sixer. ECAN 1 360H OrPaHnauTECA HI3MIM MY bTANOABHbIM BaalofeiicTRIeM;

TO MO aHajA0ruul Y pacmemleuuen ymrrapﬂmz MH lIOJIy‘IIﬂl. ‘1T0 yponmt .pac-
I]IEIIJIHIOTCH BKBHJIIICTEIHTHO.' Tal( 970 . A -

m(A™)y—m(A%)=m (A’)~m (A°) =m (AO)-—-m (A

~m(Z*)—m (2*0) =m (z*o)_. m(Z*)=m (:*0) —m(E*). (-7,14') ’

Orxaouende OT aumeiinoit aanucmzocm 6y,u.e-r yhaaunam Ha IpuMech B3auMo-
AefictBua ¢ Gomee ‘ BHCOKOR MYIBLTHIOALHOCTRIO. - -
!B caydae Me3OHHHX OKTeTOB.COOTHOLIEHIE (7,10) . o0pawaetca B, TONNIE-

cTBO.  B- ICEBAOCKAMAPHOM -OKTETE, OHAKO, BOJIHKAOT BOMPOC O APHPAHE paa:,
HoCTH Mace 71° 3t %, KoTopas AomxHa OHTh paBHA HYII0 B $-moapmoy OpuGAI-.

JHCHHH., EB cnenyer OTHeCcTH 34 .cCHer anempoMaan‘r}mrn malmoneucrmm
TEAA .
ll

Dopmynu (7 16) Momﬂo Hanncan B 60:1ee npoc‘ro'u nuae, B no‘ropon‘ :

Macca 20 0CTaeTca Hecnem‘.eﬂnon.

Tlone HE nomsxeo EMeTh xnan-ronne qnc:la Q Y = 0; ero Momno aann—‘ ‘

ca-n, B. dopue’ nnaronaunon MaTpils. € oeMEHTAMM YA . IMATOHANY
, —A,+B,—B, rae 'A 1 B — DponaBOALALC pemecTEenHEe -uNCaa.,

anem H3 TaKOl MaTpPHIH SIUANIHYIO MATPULY, YMEOIRCHNYI0 HA 1/2 B.

Takas onepauBsa CBORNTCA HPOCTO K CMOIICHING HajTala 0TCYeTd Mace, TaR Kak

0HA HE BR3LBAET pacmenyieHna. MH YBH].IIHI, qTo TahﬂM 06p630\l MH 3ax\pcn—'

aneM Maccy 3¢ kar HAYAJA0 OTCHETA. : .
QOGosgawan 4 — 1/2B = » 1 3/2B
3anncan> B tbopne Ma'rpmm

: O 0 S
’ : m={o —x0). “(7.45)
00 S
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-A nonyqu, vm) no1e uo,mm_

YHUTAPHAA CHMMETPHA SJENEHTAPHHX YACTHI
IponaseneREA KOMUOHEHT
HoAA Ha BeAWTHNY MYALTUNOAA B . dopuy-
ne (6,4) M ofoaHaunM depes ¥ Bopuy
u=uC,, ﬁ=sz, a=7tC, b=A.C'z.

Toma ¢ moMompbi Marpmuu (7,15) (cox )
paHAA YCHOBHQ 0
HOBHIY xaﬁop dopMyn RaA yace 0apHOBOB: Y Y . ) s oy

_‘m(_) my+-a+a, )
m(E)=my+a—a,
() =mota—p,
] m(20) = my,
S mE)=me—atp,

-

; . (7.16),
m(A)= Moo a+-§-‘- b,

m(n) m0+b+ﬁf
’"(P) mo+b —B. )

(Dopxynu ;um pacnxen:xennﬁ Mace, nonyqennue o cAX nop (nx Guno
TpH, TAK KAk MaccH 8 GapmomoB ONMCHBAJNCh 5 MapaMerpadn),  He — 3aBH-
:2;: m(;T mopenn. - Ecam,” oXHAKO, OTHOCHETLCA K NION0 CEPHeIHO,. TO M3 NpH-

HX coomomennn cne}xye'r qro a/ a/b am (¢
moy m) o y ﬁ / (cp. Koabman = I‘na- .

m(E") —m(E7) - m(so).*.m(g-)__zm(zo - e #
m(n)—m(p) m(n)+m(p)f2;n(zo)) IR ‘(7,17)

3ro cogmomenne BHmoMAseTes  mroxo. JleBas -ero uactTs pasHa —5, mpa-

i?xgx;—aagx T;9)-1*0 BHAWNT, TT0 B nsoronrxlanecxyxo PAa3EOCTh MacC BONHK BKAAN,
OMAFHUTHHX nompasok. ILroxo prmoamserca m

merne., Bengumma Apyros coommo-

o mE)mEm e _gatB

: -_,1_[m~ - ',-n o PR ’ a—-b : (7'18)_
. @ )4 (E )+M(P)+M(n)]—-22°

xapaxrepnayer OTHOmEHYe KOMTOReRT Homel A I

Macc 6apHOHOB "HaXOMEM J/A HEro neumnmyx(;I 038. P maqeﬂﬂ

Takywo ;xe BOJIMIBAHY MO
KHO BRMECIHTL A3 KBayy aTOB Mace ICe, -
:mpmx MO30HOB. Haﬁ,qeu ? copRocKR

“m? (K+)—m? (K0)
__. Iml (K+)+ml (Kﬂ)] _mﬂ (ﬂl)

’= _0,017. )

Cm.tc.u (bopuyn (7 18) " (7 19) MOKHO DORATE, ecan aane‘rmb, 49T0, OTCYR-
THBAA MACCH OT CePelHAL MYJAbTHIIETA, T. 6. OT MACC 2 °mal COOTTOTCTEOHEO,
MOMHO Wepenmcars 066 opuMyam rak: o - . '

“ Am (B)4-Am (N) ,, Am (K)
T 2mep (B, W) “mep () '

et

, 20)

TRe Am — pasHocTn Macc . (me xnanpuon!).coomercmyndm Ay0aeTon
a mep — HX cpepmee paccrognme ot I° r A’ I3 (7,20) smmmo, uro pews 111(91.'
0f . yHEBEpCAZBHOCTH H3OTONEIECKOrO DACIENZCHEH, KOTOPOe HMeeT MeHb
MY TOYHOCT, FeM ynnnepcumocu pacmennexnn YHATAPEOTO.
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f. A. CMOPOOHHCKHN

§'8. ¢TOJIOBACTHKM» U «EECHI

- . «Tam na HenefoMIX JOPOKKAX
Cregs 1eBEAANALIX 3Bepeii...»
: A. Mywurun

B namy sazaTy me SXOAMI0 H3AOKENC BCCX TIeil H Pe3yAbTATOB YHITAP-
moii TeOpHMM, I ME OCTABHIN T CTOPOHEe Taloe, HAaNpIMep, BajKioe, MO COe
ne odopMuBiIcecs ITaNpapiciNe, Kak TeOpHIo caalux BaamMopeitcTBuil; Tem
He MCIEC IMECT CMEICH OTMETIITh HCKOTOpHC NOBHE, MOKA elle CIEKYIATHBHLS
HeH, TAK KaK OHY YXa3HBAIOT Ha TO, 4T0 fayna yIITapIoro Mupa MoxeT GHTh
BecbMa meofuyHa. Pacmenaenne Macc nokasaso, 9To B3aMMOJCiiCTBIC yacTiy
€ BAKYYMOM MOKHO ¢ YCHEXOM ONMCLIBATL IIEKOTOPHM moneM I3, HefirpadbHbe

. KOMIIONENTH KoToporo, [T i H}, OTBeTCTBeIHE 3a YRUTapHOE 1 H30TONNYeCKOe
PacIenVIeHN T COOTEETCTBCHHO. Bo3HIKaeT mousTHoe :edaine NPAKaTh 3TOMY
TOII0 CMEICH PeabHOro (HalMecKOTo IO/, CONOCTABHB KBafpaTaM TaKOTO
YHUTaPIOro NONA HOBHIl YIHTAaPHHIT ME30IHHIIT MyabTiIIeT. TaKoil Me3ONIELT
_oKTer Om paccMorped B pabore Iismoy m Hombmana F3, -

Unen . roropacrika  6uita BHcKaszama B paGorax. Ilsmmpgpa  (Annals of
Phys. 2, 407 (1957)) n Caxama n Yopaa (Phys. "Rev. Leits. 5; 390 (1960)
- Revs. Mod. Phys. 33, 428 (1961)). Meaonawuii oxter Guun peepcx Caxypait £4,

. IlpencraBuM. ce(e, aTo moje H§ ecTs Ioje CKaJApHHX Me30noB. Ecan
HanHcaTh MATPHIY 9TOTO NOJs IO ANAJOTHH ¢ MATpPHUEil ICeBOCKAXfPHEX
ME30HOB, TO JHATONAJBLNEMM KOMIIOHGHTAMH OKajKyTcs ABe HeilTpaanHHe
qacTANL, - KOTOPHEe MH, 9T0GH. NOMYePKHYTL TOMACCTRBEHIOCTH YUITAPRHEX
CBOIICTB, - 06o3Haunm 1wepes n'® y 1’ (0CTANDBIHC. KOMIOONCHTH OKTeTa TU'%,
K'%, K'% K'° casaHH ¢ H3MEHCHAEM 3aPAAA M CHIEP3APAga #f He BHOCAT
BKJIaja. B paciienvienie, Tak yke Kak H momolmme xommonenTw mous H).

. Tax xax xBanrtonue gmcaa 7t'° u n’ Te ke, UTO H y BAKyyMa, OHN MOTYT
ANMHTAAMPOBATH GeccaeAno, eCin ToAbKO HX MACCH PaBHK HYJIi0, IPCBpPAIIAsCh,
HanpuMdp, - B “HeHaGilIofaeMoe CBSA3aHHOE COCTOAINE IIPOTOH — AHTHIIPOTOHN
¢ UOXHOI Maccoil, paBHOIl HyTI0! o

910 3uaguT, 9T0 GOPMATBLHO CYMECTBYET MPONECC MIAYHCINA NeHTpadb-
Oro0 Meaona, HMEMEro B BHPTYATBIOM COCTOSHHH SHEPIHIO, PABHYIO HYII0,
TPEBpAIAToMerocs B IIEKOTOpoe HemaGiliofaedoe COCTOANNC; TaK KaK Ha ana-
rpamMMe Taxoil npoxecc n3o6paskaeTca JHHHEE ¢ «KJIAKCOI» Ha Koune, TO TaKoii

. MC3ou HA3KBAIOT (TOJOBACTHMKOM» ¥). ../ B L

Takast cxeMa, ogeBHHO, JOPMaILEO COBIagaeT co cxemoii noas H§. Ecan
K CKa3aHHOMY Ji0GaBATL HpefNOJNIOKEHHe 0 TOM, 70 B3amMopeiicTBEe roJo-
BaCTHLA CO BCEMH MYJILTUIO/AMH ONMCHBACTCH. YHHBEPCAJIBHOI IOCTOAHHOIL,
MH TonydaeM MOfelb, B KOTOpOil MpaBIa HHTePBAJIOB, CBA3KBAOMue P 4 3-
HH e  MyJbLTHIVIETH, HOJYJaioT. eCTCTBEHHYI HHTEpPIpeTANMIo.

CranspHHH Me301I, H3 KOTOPOTO CTPOMTCA IOJ0BACTHK B cBO(OIIIOM COCTOA-
IIH, MOKET MMeTh Maccy U He paBuyio nyaio. B aToMm caydae avTops mojern
YKasHBalOT Ha BO3MOJKHOE OTOMKAECTBAENHC €ro ' € pesoHancami - K' —

— % (730 Ma3e), n’; > § (570 M32e) n.n’" ¢ maccoii ~770 Moas, Gamaroit k @°%

.Y TAKIX Tpex KOMIONEHT KBAAPAaTH MAace. XOPOMIO YAOBJIETBOPIIOT TpaBII1y

HHTEpPBAJIOB:. o B ; T
m?(K')—m? (n')=0,22, m?(n')—m?(n')=0,28. (8,1)

*) Unrateas, KOOEIRO, 3aMeTad, ITO rOOBACTHK NpEMANNIEHKAT K comeiicTBy «nmy-
pHONOB%, BBOJAMKX Pa3AHMHN aBTOpaMi AJA OOECATRA POLECCOB HADYWENAR CHMMETDPIH.

Jlmarpamma ro;10BacTaKa, 09enaAUO, MOMKET CYIECTBOBATh U AR OGHUANX N 1T 1)-ME30HOB, ;
HO eCIH WX B3aUMOXEHCTBHO YHANTAPHO MABAPHAATHO, TAKHG rOJNOBACTHKH B DINBEYT

K pacmenennio.
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~Temnr-Mamma 06 YHATapHHX COHHO

VHHATAPHAA CAMMETPRS SJIEMEHTAPHREIX JACTHI]

x?;l,oﬂxa;{O CaM0 CymecTBOBaHNe P€30HAHCOE M HX KBAaHTOBHO qacaa ycranonnenu
L{,o HHK TaKOMY  CONOCTaBJCHHAIO HEIb3s emle OTHOCHTHCH CePBE3HO *)-'
JKHO IOOKNTATHLCA OIHCATH ¢TOJIOBACTHKOY M HHaYe, HCHOAB3YA HACI0

pax - ¢KBapKax», KOTODL -
HO-BHAIEMOMY, HAaf0 HA3HBATL <GecaMi, P ' PHO, mo-pycont,
. a
’Hoil.e Hy momxmo IpefcTaBnTh, KaK NPOH3BeeHIe

HOpOB Yy @ 9% . ;

CH =%t g

. JIBYJF YHATApHKX cOH-

Ynmapnujl CUHNOD @ MMeeT KOMUOHONTH ¢ 3apsfamu —e/3, —e/3 i 22/3
YEHTADHHIl COHEOp 1, HMeeT KOMIOHERTH ¢ sapagamn e/3, e/3, —2¢/3. T :
e ApOoGHHe 3HAYEHus HMeeT m THIep3apaa COEOOpOB. . T e
IlosBnenue npoGrOro 3apsia CBA3aHO.C TeM, 4TO ;3 i‘pyn‘ne SU (3) Mar-
-%ﬁ:: :Iapﬂ;:a Q n renepsapsaga Y graromansmm o FMEIOT CJefl, paBEKI Ky,
bl HOpMApye coGeTBeRREe 3HAYennd Q n Y Tak, uro6m JTA KOMII
OKTeTa OHM OpHAMMAaN OH 3Hawenns O n 41, n rax Ka,l( 9TO 3HAYCHNA ;;);ae:;
:gzm:miigmon,xomnonem CIUHOPOB Y5, ¢% Beo oTH. TpeGoBanms yAoRBIe-
P » €CHIH 3apAAK KpaTHH /3. B arom enyuae Y3 q-/; — 2/, = 0
U H3 32PAROB Py, X ¢ MOKEO COCTABHTE TONBKO 3apagua Om 41, Kak n’paxibme
TOJNbKO HEHTpa ™ . ’
mdneﬁc-rnnn?dﬂbﬂ'ue KOMIIOHORTH UpomIBefienusn Yy, Y9acTBYOT Bo B3a-
Ecan npurats (8,2), 1o geficteme Houxst H§ MoxHO ommeaTs, kak i
eHNe I MOI10menHe «beca» B OXHOM M TOif xe Touxe AHATpaMMH (x'um na'.'lifzz:
HE® NapH P, ¥ p* ¢ Mocuenyomeit 'annnrmmnneﬁ). Taraa meris TOpUBOXHT
;ol:‘acmennenmo Macc‘ I TOMIECTBCHEA royoBactuky. Ecim, ONHAKO, @p i Q°
e YT POMJATLCA B: CBOGONHOM COCTOAHMM, MH OpHUXOAAM K cXeMe I\
AHHA, HO HOATBEDIKAEGHHOI, OfHAKO, OMEITOM. Lo e
“IloHcKM 9acTHN, OTBeTCTBOHHHX 3a HApYIeRme yHura
HAIIOMHHAET 0XOTY 3a HellTPHHO, 0CTABHBINEro CBOl c1eq B
HHA dHeprau. YeM KomumIcR HoBas oxota — HoKaKeT 6

PHOIl cuyMMerpm, ©
dopme Hecoxpame-
YAYymee. -
o BAKIOYEHUE
(DopMyim AT Mace JacTHN, AIH, KaK MX MO;KHO Ha3BaTh,
CHONMYeCKOH TePMIHOJOTHH, NPABiIa HETEPBANOR o-m'xom.,
UpEMCHeHUe ' CXeMH  YONTAPHOH CHMMOTpHE & ee’
dopMyan nMe0T ocoGoe amauemmo. i
sz‘['Tapna;x CxeMa BHGDBLIO HO3BOMAMIA PAacCCMATPHBATL MacCh
C enHOLU, NYCTH elle. 0YEHb HECOBEPINCHHO TOTKR apenud. [fo cnx uo‘mc'r:llalI )
g:;ﬁ:_rn Maccax YacTHI[ pacCMATPHBAJNOCH JHIND KAaK AocaxHOB napyglegme
PHH' U Ka3axock, 4T0 TONBKO B 061acTi Goxbummx 9Heprnil, B k if
3T0 PABJIMYNE MOKET CTATE HeCYMeCTBEHAKM, MOKHO IHTaTHCH CTPI “roope-
THYECRHE ' CXeMH, s ' 7 ZPONIL Toope:
B cxeme SU (3) meommpmammo o6napy:;xnnocs
o6anaer mpocTHMH CBOfCTRAMI T omHCHBaercs: o
YENTADHRX MYIbTHILIETOB. - Bosaukaer BOIIpOC
HapYWeHHA CHMMETDHH. H3YuaTh CBONCTBA Bz
¢ Baxyymom? Takoif Bompoc: cramosmrest

cirenysa CIIeKTpo-
HO HCYEDIHBAIOT
gapymeﬂne. OJ.'(H&KO oTH

4T0 HapymenHe cCHMMeTpHE
9eHL €CTECTBEHIIO B CXeMe
UeIL3A X -0 XapakTepy
HMOZeHCTBHA - MyNbTHRACTOR
€CTOCTCRIHM, eCITH ' BCHOMHINTE,

*) mamoy m Koxsman cemmatores Ha @e ,
a 865, Phys. Rov. Lotta, 8, 447 (1963); D M Millor e Phys. Lotts, 5,35
ber g', S.tan'ford olfi;ela: kAlcc.;i alll'épmll‘?g‘ Iﬁtz:bﬁ%) 2(83 Gt ’D. B..L . cSil t’e n?
H Hapopian wsaqel Rep. No. Io - ony6amxosamo), crp. 53 W'
sion Bol Rav: Letts. 110 & '(196};' Rev. Letts, 10, 553 (1963); Z. Gior a g'o s-

3 YoH, r. LXXXIV, sum. 1
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fl. A, CMOPOIMHCKUNA
N
|
Y70 HApPYMEHMe H30TONMIECKOH CHMMeTPHH BEI3HIBAETCS 9XeKTpOMArHATANM
moneM (B3anMOREHCTBESO TACTHILH C 2XEKTPOMaTrENTHHM I 0JIeM BAKYYMa); H3ydas
OTRJIOREHEA 0T U30TONNYECKOL! CHMMETPHN B PA3HHX PeaKIUAX, MOKI0 GHito GH
- B- UPUHLMIG HOJYYHTH [OBOIBHO MHOIO -CBefeHHII 06 sToM BaamMopeicTBIM
(x0Tsl pacmeIuieHne B TOM caydae Manxd). JToro, KOHeYHO, HC HAAO [ENATh,
TaK KaK Y HAC ecTh GoXlee cOBePIIENHLE METON M3YYeHHA SIeKTPOMATHATIOr0
mons. Mmaae a6erout Reso B crydae B3aumoneiictsna nonsa H;, Hapymam'mero
cammerpro SU (3) -
’ Hro B3auMopeiicTBIe, KOTOPO®, K CHACTHIO, cpannmexmo BeJTHKO, He CBO-
JUTCSl HH K KAKOMY H3BECTHOMY HOIIO. Hoammy H3yueHNe PACHANOB H peax-
naii ¢ TogKu 3peNnA TPYHIH SU (3) cny:KET XOPOMINM HCTOUNIKOM HHDOpMa-
‘AH O Ba3aHMONEeHCTBHE JaCTHI[ € BAaKYYMOM.
) Ilpocrora BozHEKapIell CXeMH HO3BONAET OKMATL ‘IHMEHHO B 3TOM
' HaNpaBIeHUH CYMIeCTBEHHOTO nponnumenun B NOHMMANHK 3AKONOB CIITBIOTO

Baanmoneucmnﬁ.
_ OPHIOMEHEE
i. OKTET KAK 8-BEKTOP )
B aureSpe SU (2) KOMIORGHTH - TeH30Pa BTOPOTO pamra OGPAayloT’ TpeXMepHHI

.. BexTop, CBA3b MeskKAy OGOMMY IpeAcTaBleHAAMA OCYMeCTBAAeTCH MaTprnamn [aynm—
dopuyna (2,22). Taxmsm e 06PasoM KOMIOHEHTOM YHHTAPHOTO OKTETa MOMHO COHOCTa-

pETs 8-BexTOp. B oﬁoanaqenunx l‘enn—Manaan 3 omter A} saumcuBaeTca B BAAO

A3+ V— As- Ai;,iAz; ' : Ar*Ms, .
A= 'Ai-[-iAz, ‘ Ay V‘ Ay, Ag—idy |-
. Ay-f-idy, Ag-+id _——-TA
it ids, ot idz, Ve
B Tanoit dopme MOxHO aanucan, 049eBHIRO, Z060ii_oxTer. aauemnx, 9TO KOMIIO-
‘ HeHTH - yBETAPHBOTO COHHA (4 4) nporATo ofosHauars wepes Fo(a=1, 2, ..., 8).

CooTmomennn Moy Ay 0 A, 3aNBCHBAKTCA NpPONe BCETO, AN BBOCTH . CeMb
Marpuy Ag, nrpmomnx 3/lecs PoAb, aaanormylo po.rm Marpxm Hay:m. Marpﬂuu Aa
eI BUL :

S04 Oy 0 0\ [t 00y
Mm=[10 0} A=[i 0 0], a=[0 —1 0],
o000/~ \o 00 0. 00/ -

B R (B 0 0" —i\ . 8

SR : M=(0 0°0], %s=({0 0 0,

e o \rete) T\ o)
000N 000\ o, (100
A={0.0 1}, M=]0 0 —i], Ag=—=f0 1 -0

040/ Mot o/ " V3o —

"Tlaps Marpux (Ai, A2y (her As) & (he, A7) cyTh Marpunum Ilayim 6y E Oy B TPEX ARYX-
MepHHX nonnpocrpaacmax.;Mannn THTA 05 afieck ABe, TAK Kak cymecﬂye'r AoTOHH-

" texnBOE yenorme SpAg==0.
: Ma'rpmm A ynonne-mopmo'r CACYRMANM YCAOBAAM:

Sp Aahp =25aﬂv
R [Mu Agl = lakﬁ“—xﬁka—z‘/aﬂv v

{MM:Mﬁmrmm+owf"
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3mavenze ccwpymypnuxn BeITYEE—AHT HCHMMETDPUYmO it !
HeuMMe -
a0i dgpy-—3afatoTes JopMyMaMm ) Tasy . TPRR

i
Japy=77 5P [hahp] 7~y- Itza-1

Iu1-—/m—~f:51—lass fsie—fau ;

3
/bss-/e'ts——‘g— Ve
: 1 .
dapy=77Sp “‘a» A'B} 7~y dus—-dzzs=dass -—dsss— V-' ,

dus= digy=— dzu =dasg=d3=

= dsss—— “daes =—dgpy= —;'

dg=dysg=dggg=dyrg= ———— Vﬁ .
Ocrampaue OTANYHEe OT nynﬂ KOMIIOHEHTH noﬂ}'qalOTcﬂ uepecranonxon Enpiexcos
€ y4eroM 3HaKa B CIydae anrncmmerpmmon Tapy
Ouesnpyo, 9ro

ki
#=gamm
o=

24q=5p Ahg = AT (AL

Koaddrnuenrs f m d mozponAwT 3anECLBATE upo ' L
n3BefieAne okTeToB. Dopm: hp:
JKeHHBA OKTETOB . puyna o

Xi)“_—-(A“B :[:A‘B“)

OepenHCcHBaeTCH TaK: .
: fapy Yy
(Xi)a::t (I!Iﬁ‘l> AqBg.

CumumeTpuuROE nponaneneane HasHBAT HHECFAA D‘n oR3Benien C ‘

MeTpHIHOO anouaseneaneu. 8 P AOHIIOM 8 amraci-

2. G- ‘IETHOCTB

Pacwmpm: ABa mpeoGpasoBamms oxTera: 1) R
-upeoﬁpaaonaune — mepecTanoBka
cTpor ¥ cTonbion okTera, 2) 3apagonoe coupsrerue C Herpyano B '
nAeTH, YTO
Benenue oGonx npeoﬁpaaonannu Py AeTh T npoua—

€=RC

OCTABISIET BCE BIEMEHTH MEe30HHHX (9DMHTOBCKEX) OKTETOB HA CBOHX Me
HX BCEX YMHOXHTHL Ha +1 ambo ma —1 (Tak Kax) g2=1). Taxum oﬁpaaonim;o:xs;ﬁ)é:g;
HOBOE KBAHTOBO@ YHCAO: §-1eTOOCTE, XaPpaKTepHaylomee 3pMUTOBCKHE ORTeTH.
OueBnHO, YTO #P-TeTHOCTL OnpeneNserci 3apAAOBOH YeTHOCTLIO 9aCTAN, CTOAMMAX
Ha QRATOHANM W OCTaloMuixcst mpm H-mpeoGpazopammn ma Mecre, IoaTomy oxTer nceBmo-
CKaJAPANX MC30HOB HMEeT = -1, 2 OKTET BEKTOPHEIX ME3IOHOB. g=—1.
U3 ompeflenenns KOMOOHEHT 8-nem~opa fAcHo, UTO 3APANODAT YETHOCTH KoMmonent
Ay, A3, Ay, Ag, Ag oInmaKosa B wpoTHBONONOMHA 3apnnonon YCTHOCTHE KOMIIOHEAT Ag,

As, 7o

f
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