


On the spin of the = /. =particle

| SomeAgeneral’formulae relating to the determination of the
spin of the 'lf -particle by angular distribution of its decay,
productsi which have been obtained hy the method .:f_’lé"??,Q':l:re'g:“s.-=
" ven in this theoretical noteo. |
tThe spin state~of anhassembly of }{iﬂpartiCIGSAiS‘deSGiibb
- ed by giving values of tensor-moments T v (see for definition

ﬂﬂ ), which enables us to describe any (the most. general) spin &

state “of the assemblyo | '

The angular distribution of decay products of the. !@ ~par-=
ticle (,A <) ) may. be written as follows |
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where W 1s the oomplete’deoayAprobability of the‘/\ by the

scheme ﬁQ*QﬁFEv STis-the N spin. .
Qg gﬁf:-:«.’-«f‘19"‘;’3“%(’; oyt z (e 'se's: Yo g)

The coefficients Z are tabulated in (2] , Tt may be shown
that the :‘\ S cS /afg) (~1f (?,€'+1)¢’ZS+!,Euf((i’SE’s;*'/ag)'ce?oof.o
‘does not depend upon A (equal to S-FJfa | or 5-4//9 Yo o

g-fﬁiifﬁ does not depenﬁ,therefore upen the parity. of the
A ==partioleo Formula (l) is written in the A redt system;

the axis 33 of the system is assumed henceforth to be paralled

to the unit vector Y'A which is directed along the %l =partio—
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1e movement in the laboratory system (formula (1) ies of course,
i true at any choice of the axis Z Do o
By integrating ;}(U ?) with respeot to cos 1} we may ob- (
tain from (1) a distribution 4in an angle Y . The angle\F(OékP$ZJUA'

-~

- may be defined as one between the normal N to the plane of

s}
"~ the reaotion in which the . /\=partic1e has been produced (more
>
exactly,“hﬁ*[no N ] where r% is the unit vednr of the inoident

—p

particles. of this- reactinn) and ‘the unit vector n= [ﬂp N ] ﬂ

is the direction of the movement of the deoay protono
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}(LPJ:L—J,- P 11 \FZ:Z_[COSm\f (Put )+ +S8in my- (ﬂmtm)]Q(SqflamT

Jgra = LET2L. ””]'/e (1-") (/o= 1)1(9-m=DIl (2
RSO B .,wawfa)/(gw/'
m and ?@ take only even valﬁesé f:i. g + U '/740.

‘Unlike the analagous formula 1n [497] ’ formula (2) contains an
"expression of the coefficients A and B, (see [4 5] ) through
characteristics of the initial spin- state of the /\ =particlee

_ If 7ﬁ with even ¢ are real, ioeo if Jnft =0
.(as 1is shown in (2] , this will happen, for instance, When NS
'oreated'in‘a reaction whose incident partioles and target particles
‘are entirely unpolarized)-~;kfﬁ”will contain only terms with COSmMY,
The-SamefexpressiOnd(no matter whether 713 are complex of real

~ numbers) will hold for the distribution in an angle |, between



B the plane of '/\O ~creation and its .deoay planeo ‘(C‘fc & :f:‘crmula
(2)). By 'appr‘opr‘iate integration'we may also obtain i‘rom (1)
the distribution 3‘ (C—l)which is a distribution over the number
of particles emitted in a unit solid angle at an angle @ to

the axis Z ( HﬂA ), averaged over all azimuths LP (see [6] )
T 25-1 o

f(e) 25 Ta {1+ Z:Q(s (pp (c03 6) Tf/TO} .

When. comparing (2) and (3), we aee that J'(“f’)(‘or F(n) )
"is_determine}d' by the tenso'rmmoments T fL-—E 4. 25" 1 ms= 2 b Q,
while g:(Q)depends 'upon ouite other tensor moments: T, q. ‘( 'QJ amd %_;f%
andT are not completely independent characteristics of the /\ .
spin state. But 1f T, v orTr,Z' do not talke their maximum values,
there may be rather an arbitrary _(with_in certain limits) distrii '
bution in an angle n when ¥ (&) 1is £ixed (ef. .[7] formulae
(17) and (178))0 Theréfore, the distributions 4n M and  cos. 6
which were given in 6] , do not contradict each other, which -
“has already been emphasized‘ in [7] where the cases =3fe  and
578 have been discusseda These distributions indicate, ‘,

perhaps (poor statistics !), that N »particles observed are
not completely polarized perpendicularly to the plane of the
reaction g1 +p—P-/\ +8° (ofo footnote 2-7)

The observed cases of reactions JI +p-rA° +Q ;@/\ - prJi

belong to energies“‘f arwdl, 1,5 BeV, Increasing statistics at these



‘ehergies, We'may‘chiefly hope to define MQre a@cu?ately only
the Jower llmit of th@  ”? spin value o‘Let us 5h©w thd+ th@ meaw'
surement of the angular di%tribvtlon of the de@ay produﬂtb of
the A’ which is cm@afed at the threshold of the Veam%ﬁ.@n o
'Jl-+P>A+ °( - 7)b MeV) will ju@t give the A spin value 1tself
if two natural assumptionb are made, namelyo L
1) @ uparticle spin is zero (which does not contradi@t the avais
lable data, at least) and Z)Ffprces petween /“ and 63 are_shortu
‘ranged° ' | ~ o - . L

The latter impliea that we may neglect all element& of’ R =
‘matrix (L, @oLIR laOo/a@) with £50 when compared to the element
withfﬁﬁgio ~ near the threshold* (see for notation Rl ] s ‘the

S | | N "
| Angular diétribution mf‘ﬂo, fg’ét 1 BeV indilcates
‘ that at'léé$t { «9 is presento 61 Hen@e‘tﬁe range @f forces
A 9 is equal to ~ 2 10 -8 and we are justiiied in neg-
1ecting the abcve elements 1n the enezgy interval of an incident
Jlmmegons from 799 MeV tQ 780 -800 MeV in the ldb@f&&@ﬁy byS—
’cemo It is possfi.bil,e9 of C-OUT&:@, that the, PjemPI"t (L OLAQQ(«/ l/c: %65&)
is small owing to some peculiarities oﬁ the menti@ned rea@tione »
In this case the angular diutribution of A 690 wﬁll he non= ‘

isotropic.
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matzéix, R . is connected with the known ~ O -matrix in the fol-
lowing, way R=5-1 ). - _

 With these assumptions wade, et ﬁé'ife-ﬂvrite formulae (7),
(8), (9) in e (the target is considered to be unpolérized)’
The /\O?particle teufsor m@ments will be then expressed as the sum
over hn] :7‘;18. gg) J (see for notation [1] Yo Using properties of
" the coef:ﬁi@ients G‘r- and . Go in this e:xpresaion, we obtain that |
| fj,f"?:}e:%a,nd I= ? . o Further,. 8 E —-/g and since space pani==
ty is conserved and . E 69 must be even, 6 @ ={= b "/P OTS_
e,"';éfﬂg ~ % depending on the parity of the /N with respect to |
the pi?,étcn (note that @prar:tty is equal to (p{s.rity qr )2:5

=41 ). Sa there is no swmmation over Y J a,e, 3,-*3V“ at all.
D@notihg the /\ spin by § instead of LA and- taking off the in= |
diceﬁ ?,ﬁ\ fzwom % and: T;' g we have for the. /\ tenso‘r moments ‘

with even (i, A

,r-«o(fh PA) ﬂ(zs 1)(2%”) Q(u%; }{t (7} ) (4)_ |
A is = @@nﬁtamt pv@p@ftional t@ the total cross Sec{;iqn Of .

the teaction J +p—A +6° E =755 780 MeV.. It must be k‘@p‘t

in mind that the indices (C ~are relaft.ed, _1;0 N, as quantization
- axfs-and ’i_j}; is the angle between the di;qe‘ction of the emergence -

0 . : ’ -
of /A -particles and the JI -meson beam. "o
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| Substituting concrete expressions~(4) for the"/\O tensor
vmom,ents into (2) and (3), we shal.Z.L _ob'tain distributions in an
angles "L and S  which will depend only upon the 'ﬂo=particle spin
(and upon’th)o ‘ o | | |

© We shall not give here these éeneral formulae*%llt is inte-
reSting to note, howerer, that , 1f these formulae are integrat—
ed with respeot'to’du‘ K the distribution in an angle 6 will be
iﬂSotropic whereas the distribution in an angle Q, (or Y ) will

‘be the following: 254 : P , y
I ()= C{1+Z C,OSmQ Z_n[Q(S cg) ) (2q+1) }
N )
For example, I_a/a'(rt)“-”1+ /3-00'521
If the tensor moments (4) are inserted in (1) - - -
TR Z_(ﬁq N CIER DR AV ATR A O/RDE
'-—Hw«[&/\f"] Z‘:[ Q(5,97% P%(cosp,.&s([) o - (6)

’we shall obtain a general formula for the distribution in an ang-

le - ( \( is the angle between the directions UA Jl and \7\?
"or, as may be shown, the directions of the flight of the decay pro— o
"‘ton and the incident Jl ~meson beam, The formuka J’j/a (J’)“”I+3COS J‘

was first given in L] y \;5/([) 1"2005 C}f’+5c05 J"NH"/;C%Z["’/}C%[

» %% When 5= /{2 we have Jj/d('l) 1+055mal} 0033'2, and JLJ/Q(G)"'.'!"
= (1=-3c03%y;) U5-300320 )" 0826

At an anglet? 90°we have f/(Q)~4+05w52rL while f_;/a (68)~1- 0260:3 o
ise. probability does not increase at all at 058=1 ’lthough the dis-
tribution in an angle "N, 1s the same as that from completely po-—- .

lar:.zed /1 partiolese
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" The author takes pleasure in thanking Prof. M{Lo Markov .
who- suggested the subject of this notes | ]

References

o

‘1. A.M. Baldin ahd Moke Shirokov,,gﬁjfTP,,vole 30,ser.4,
Po 784 (1956) '
2. Mo Eo Shirokov "Polarizedmparticle reactions"

A‘J % (under press).
| 3o Biedenharn Lo Co, Oak Ridge Nat Lab. Report N 1501
(1953)
4, Treiman Se.B. and oth. Phys. Rev°;97, p. 224 (1955)
5, Treiman So B, and Wyld H.Wo Physo Revo‘lOO, Po 879

(1955) , o
6. Walker W. D and Shephard Wo Da Physo Rev, 101 Do 1810
(1956). ' o

70 Morpurgo Go. Nuovo Cimentoo V~‘111, Po 1069 (1956)

8. Wolfenstein Lo Phys. Reva.94, D. 786 (1954)

- :

oooOOOooo-;-wv



