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ABSTRACT

The distribution of mesons in the proper field of a nucleon
is calculated based on a model of physical nucleon oonsisting of
a finite core surrounded¢ ®y a cloud of ! -mesons. An asymptotic |
solution which holds when the number of mesons is large is cbtainedo
' This solution is expected to account for the regilom very nearftc
the core. From the theoretical estimation of Friedman, Lee and
Christian and also fnom the evidence that the.orientation of,the'
core in the isotopic spin quce'and the ordinary spin space msy |
be quite random, it follows that the renormalization factor foi.
the interaction constant msy be quite large., If we accept the
valuesobtained.by,Friedman‘et al and use the conventional cut-
off value K* 6 then the number of mesons at small distances from
the core will be of‘the‘orden ten. This result is consistent with -
the view‘that the prcduction of meson shower by high energy nuc-—
1eon—nucleon collision is due to the shaking off of meson clguds
during collision° No inconsistency with the low energy experiments -

~1s 1ntroduced by the present theory. B

I.Introd u'c tion.

Recent discoveries of various types of strange particles sez-
ve to 1ndicste:that the"strﬁcture.of Physical nucleons cannot be

as simple“as it was thought before. Owing to the strong interact-

ions of tnese particles with nucleons, a nhysical nucleon wduldé@iiz
vitably'involve these’psrticles in its virtual states, as a conse-
qnencettne structure in the central portion of a single nucleon
system'wouid‘be greatiy complicated. This may be the reasoniwhy

relativistic treatment of the systemfalways leads to results ﬂhich.



are not in agreement with: the experiment. With the furthef rea-
‘lization that the present form of quantum mechanics mayhnot'even
be'adeQuate for the description of the central portion of physical
nucleons, attempts‘have been made,to replace this central pmrtion
bjta fixed“core;z/ and consider the outer portion'as constst 1hg
- only of mesons.’ Success ‘of these attempts shows that virtual nncw ‘
leon pairs and virtual strange particles indeed do not imterfere
with the outer part of meson cloud of a nucleon. ‘
The question arises as to whether the above picture caﬁ:stillﬁ’
be used at small distances from the core. As we shali’seenbeiow,
at small distances from the core there might be large number of
" mesons, SO evidenceS'about the situation there must cOme'iromex-
periments on production of meson showers by'high energy nucleon—-nucleern
! leon cohlisionso Observation shows that the shower particles are
mainly mesons. This may be considered as an evidence supporting |
the view that the effect of virtual nucleon pairs and virtual
strange particles may still be unimportant at sma11~distancea
from the core. | |
It will be of interest in any case to find out the distribut—
ion of meson cloud just outside the core under the assumption that
f~statés‘involving‘virtual nucleon pairs and strange‘particles can
vhe neglected. We have mentioned'above that the numbei of mesons
at small distances from the core may be very large. One important -
wg{consequence of this 1s that the interaction constant 8 and the
“nucleon rest mass M appearing in formuhas can no longer be- equal
to the observed values. They should rather be considered as the

intrinsic interaction constant and intrinsic ‘mass of the core.



This difference in observediand.intrinsio quantities is'very imporf'
tant in our-caseo»In3usua1?calculations,this.difference is either
neglected entirely orx takenvinto account“only~up to the :lowest |
l~orders say those arisen.from one or two meson statess

It is well known according to the accepted: form of meson-
1nucleon inhteraction that the intrinsic mass and- interaction cons-
‘tant must be larger than the observed oneso This has two -important
‘fdonsequencies: Firstly,~the-strengthzof interactibn-betWeen the

core»and the 'meson field surrounding it is increased in the region

- very olose to the corey; so that according to the 'criteria put

torward by Blokhintsevl/ one may expect that the strong coupling
| approximation would be much more accurate there than 4in ‘the fringe
'outer regeon'where a sort of intermediate coupling approrimation
such.asiproposed by Tomonagaz/,:Chewj/ior Tamm ‘and Dancoff4/
. would he?more suitable; Secondly,Tthe'largeneSS of ‘the intrinsic
mass of the core tends‘to reduce the recoil effect!of the core.
Since the}average kinetic energy of the meson field increases ve-—
Ty rapidly as the distance. fromihe core decreases, one would ex-
_pect that the neglection of the core recoil will not be justified
in the region very close to the coreo However, the following con—
,“sideration will show- that the situation is not really so bad. The
’recoil momentum of the core is equal to minus the sum of momenta )
‘of the mesons. At small distances from the core although the mo'=
‘mentum of each meson 1is very large, since the number of mesons is
also very large, the sum of these momenta may turn out to be not
Vely largeo The largeness of intrinsic mass mentioned above is

an additional factor which reduces the effect of recoilo



- Our . treatment of ‘the region of meson field close to the core
- 1s very similar to the .strong coupling treatment of Paull and
Dancoff, .the main difference belng that Fock's representation
is now uéed to ekpress the'éelutibn directly as distribution of
‘mesons 1n momentum space. The" connection of the present results
. with those obtained by Bloch—Norduieck approximation is also dis-
cussed.r |

Applieatien,ofethe-preseht theory to the prodlam of product-—
-~ion -0of meson shower by high energy nucleon-nucleon collision

is given in Section 3.

2. Meson fleld outside the core of a physical nucleon at rest

-

<.we,éha11 neglectﬂthe'recoi} of the'coret The Hamiltonian'
~operator for a nucleon at rest at origin in space coordinate eys—
tem 1is given by

H= ZZ &‘Pd(fn%(&)w—:vm)( ff)ud[ <¢< ‘m&w

o(=| <

(w
e—whereA < represents polarization of the meson in charge spac#,
k 15 the momentum vector of the meson, £=(N +ka A );; being
the meson rest mass. The natural unit h=Cs= =p = \15 used so
that &= (1+k2) " and T (1 = 1,2,3) are respectively the spin
nd isotopic spin matrices of the nucleon. T (&W ‘aﬁd 1ig(§;)
are respectively the emission and absorption operatbrs fof mesons
of momentum !1 and cﬁarge ;1 . They satisfy the following
commutation relation . | o

i SRR Gt .
[‘id(&), U?B(f:)]?é‘ecp%k' C - (2)



We may choose a set of real fuactions Ea(k)'iaiisfying‘the~fd1— |

lowing orthonormal conditions
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We may express 3& (E() in the fbllowiﬁg form

s .
CYukr=L 2 kiF (&).df?)

,.
-
3
(1]
(o]
N

'(4)' \'_
where -
() IR
b =L Ptk Yok o
. ) .
From (2),(4),(5) we can easily verify that Cb;{)‘ satisfies the -

following commutation relation -

nl rn )k ’
_ [Cb:u )CID;J) J 6(} ‘S‘dp 5 . : _ - (6)
| Inserting (4) into (1) gives
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Sorting out terms containing dD i we obtaln
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w}ihé'Séﬁroédinger'equaﬁibn ef.the pressnt problem is
HY = EY
(10)

There existed in the past two systematic approach‘for soly-
ing the problem. One is the strong coupling approximation propos-—
ed by Wentze18/ éhd the ofher;is thé intermediate cogpling appro=
ximation proposed by Tomonagaz/e Both these two authors made use
of the single wave function approximation which in our notation
means that 'Y should be a function of (tgtﬁk only. In other

words
(n)

‘E“L” (n+1),

il
S0

(11)

From (9) and (11) we see that in Fobk*s representation in which
(n) (N/i’

¢, 1is replaced vy P

) W must satisfy the follow-



ing equations
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(13) follows from the requirement t,haﬁ the s@issisy operabor
mk L . | ,

i - should be absént in (10). Pomonaga put

e
| - _ 1262
F (f)u.,,UfF‘) 2.y Uk)Zk® E
It follows from (8) S ‘
Co =L, A0, Cn=Bonl, -
o | (ff)?_%m o U(&)jf "
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o (19)
(12) and (13) then becoms |
.3 3 | (0)k | j (o) a |
' Z Z {cbo(!, ag(o)x I ta( L[dpo(l. ac,bO(t)]}L"} lLlj ) :
oLzt 1=t Al (16)
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(16) 1s just the equation obtained by Tomonaga usiag-hﬁs inters
mediate coupling approximationo The extent to whi@h (17) is satis-
fied,may be used as a measure of the accurasy of bﬁ& approximat-
ions- | |

It will be no#ed that the solution of (12) is independent
of any particuiar éhoice‘uf‘Fo(k)o The concrete choilce of FQ(k}~

1s important only when we want to satisfy &he comditios (11)..

Therefore in the following we shall procesd to solue 712} wLEhgat
-fixing the function'F (k)a |

= In the present investigation we 8hall deveBop a new method
to solve (9) and (lO)a First we notice that Ts and G . are

swn rows and two columns. Follewing Pauli

Pauli matrices~wif_
-and Dancoff we may introduce orthogondl transformations to the
ordinary space: and the :sotopic Spin space. Let 'Cv and Gk be

components of I; and £Z after the transf@mmations, we may

write
3, 3
to(’égz' BTy , GL=L§,A

(18)
where A,y and Bjg satisf& the folloﬁinglconditions for or-

thogonal transformations:'

(19)




If we interprete above transfarmatinns as rotatiuna of eoordina-;'::i
tes as was done by Pauli and Dancoff, Ayp and B{s - must be realf P
numbers. In Appendiz I we shall show that if Ay p and 315 are
| allowed to be comphx numbers the following rcsult: still hold
true as ‘when they are resl numbers« |
' VWe may choose Ayg and B sat,isfying thi_follaiing cond= |
Hen : Z Z B C!D(O)*ALS grs Q B (.'20):
Using (19) we can also write | |
| | (o | - e
Pui "i:'qtr&3V¢ | B |
We notice that ¢Zc 'and~<b22* should be considered as a pair o
of conjugated cbmplex numbers. In'Appehdix I we have'Sﬁovﬁ that
A and By, -which satisfy (20) and (21) must also be eomplex
numbers. There we have also shown that JTER*" which is the

conjugate'dynamiqal variable to dei - 1s given by

- | vk vk vk _rk
(o)‘# a L +T ‘LJ —n.T I N E
T =~l—zz =L LA, B {PS + [ O ](1~5 )}
AL ad?ii')*' ¥ k LY Pkt Yk Q Ql( er + Qk rk |

]

| (22)
where P, 1is the momentum variable carresponding to Qr L¥k
and '.!.'Yk are angular momentum operators in ordinary space and.

isotopic spin space respectivelya They satisfy the following

oommutation relations

[padofe o an
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L )‘Akt]f—' SrtAks‘é‘stA‘kr' - | (240

T B =81 B -8B, . (25)

The.someiexpression (22) has also been obtained by Pauli and
Dancof? using thelconoept of rotations in ordinary and isotopie
spin spaces. It is now obtained by algeoraic'method}asSinwour?:
case tne‘transformation (%8) cannot be interpreted directly as
'rotationsot,‘v R vi . .

| Inserting (21),:szj‘and‘(éj),into_(lz) we obtain |

. jii_ L
L a«l"trsv}?rk}w EY (26)

; kfv
"Where . A
o _LTeTR g | |
ke Q-Qy Qv Ay - (27)
We can easily verify the following relations
o 1 ., A S N
[Ri2.T,0,Q+T. 6, Q] = eT,0,
t (T Q .
(#5500 -

and similar relations obtained by eyclic permutations of the in<
dices. These relations will be usgful in calculations in Appendix II.

It nill be sufficient for our purpose to look for the asymp-
totic solution of (26) which holds when the number of mesons is
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“large. W@ shall show below that th@‘@ig@ﬁ Vaiue A is detefmin;‘a"
ed already by the asymptoti@ solutionﬁ After the asympto@i@ n@= 7‘Ji
lution is obtained, (26) 4s needed @nly for continuing Y to :
the region where the number of mesons is small,

It is shown in Appendix II that when the nwmber. @f n@som
is very larg@9 the term @ontaining B, ia. (2@) can de neglawt=”
ed (this can also be seen qualitatively frem the faect that Py ,:b
and Q. are both proportional to theaaguar@ r@@t @f %ha mmni&r
of mesons n. This makes the term containing R, - ‘n tiﬁes Blll°i 
ler than the other terms), ws obtainm |

L 1Q,P, +-:I?£"' [t,6.Q, +I§'Itr6v Pr} EDAY
A=E/a% | I1=Co/As o

' - | (29

e notice that the following four quantities el

{

¢ ! { |
1; v, 61 ) Ta 6?-' ] “C3763 , : f
commute with one another. Consequently althoﬁgh'they are rathey
complicated matrg@@sg‘théy'@én st111 bs handeled as ordinary
ndmbers ian (29). Replacing iPy ’by'a/an 'y We have

9 L4 1y
{Q*§5§”TﬁT[t*GVQY “"t faa } ‘; - (30)

3
L
L.
Put 

V(R Y, (Q,) W, (A SBE
DR 2 ¥30 Hs 1)
(30) becomes “
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d _E_g__ ’;, ! -_(_g_. 1bl d —
{Qvga; Tz I t 6, Qy > If o """}Ll’y_- AV,

Y rday
| (r=1,2 3) (2
and R
;\ ;\ "') "'A:g ' : (33)

a(32) are three total differential equations of the first D&w :
der, the general solutions of whigh azre found immedietely te be

L132,)

| L ' " Lg
Yy = Ar_[Qr"\[%' [Tvsr] N

‘(¢ ’
QXP{— E— L\rGY Q\,}
| | (34)
where A, 1is the normalization constanto By definition Y/,

must be a single valued poweyp series of Qy , this requires

| 2
. that n,r = —%——I + >“r
(39
~must be an integer. It will easily be seen that n, cannot

when,
_be a negative integero If n, is negative then Q—*—-ELITk rt

‘Vr will approach to infinity. Since infinite value cannot
have any physical meaning, we conclude that n, can only be

a positive integer. From (35) we obtain

T AolA +A -l;\) As(n, vn +n3——¥g—— (36

The ground state of the system is given by n =0(r=1,2,3).The

- solution
of (32) for the ground state is given by

D -
Yo = Aexpi~-—=1} 1,6,Q
‘ ’ { \}E Y=t v YJ’

E=Aodo=7 4 Ao S
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Since

3 / (0¥

T tys =L LT.6 b, -

r=i & i L - ' (33)
(37) can also be written as '

| Y, :'AexP{ —=1 i Ztocﬁ' ¢;u)*}. o (39
Using (5) and (8) we obtain further | .
e Aexp{———-[[ Udag ke, <f<>][2F< Fotk) ) ;zzm& Fo(fr)aw&)}
Lk (40)
Inserting Tomonaga's assumption for F (k) given by (14) 1nto
(40), we obtain
Yo = A exp{——\t‘——-é——& ‘E 2{:_1:,(6(-, f<~U<ff)£~3/29’d (&;C}t“)
It will be pointed oyt however, tﬁat Tomonaga's expres—
sion for Fo(k), namely (14), does not satisfy (11) very welly
To see this we insert (21) and (22) into eguation (13) which
is 9quivalent to (11), we obtain | |

Bo’n{LPv 3— I T 6'\,}(}) o) (when Y=5) (43)'
‘ : ",/ ) , AR
Bo'n{"%l?rs ’“_;%-"I aTSGY}HJ =0 (whenv$s) (44)

It can easily Be verified by inserting (41) that the-left-hand
side of (43) vanishes 1dentically, but the left-hand side of (44)
1s different from zero. It is difficult to assert from this how
far this would violaﬁe the one wave equation assumption. Te find

a bettér Fo(k) various authors have resortesd tp variatieasl me~ mg 
thods. For our calculation in the following section 1£ is suffgf

clent to leave F (k) undeterminateo (40) can alsp be written im
the following form. o
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. ¢ . )

o L% «
Yoz Aexp[- 0T T T ‘Cﬁm-o<&>%<ﬁ<’} |
N &L (45)
- Where A

- Y Uk)E e, k) o
=g[b ,‘}{;: &* F (k)Fel. (46)

It will be noted that (41) 1s Jjust the solution of (1) \
1f we from the beginning consider Lx and 0, as twe clas-
sicai unit vectors. Approximation of similar neture hag been
usedibefore by Oppenheimer, Lewls and Weuthuysonﬁ/ in treating
the problem of multiple productien of mesons by nueleonmnucleon
coll;sions. It may be considered as the generalization of Bloch-
Nordsieck approximation in quantum eleofro=dynamics in which the
Dirac hatrix oy is treated also as a classical unit vegtor.
This approximation has also been used by the present author ;)

sereral years ago to obtain the same solution (41).

3. The average number of mesons in the proper field of a nucleon

From the asymptotic solution (45@;f@r large n the proba-
bility Pn of finding n mesons in the proper field of a nuc-

leon can be obtained immedlately as
i 9" |
2 . 2y,2 .
Pa=silAl® 4, {3&_?(&) k) 47y

ireplacing summation by integration, we obtain

9 * .2 2 XY j77: v

(48) gives the distribution in number of mesons outside the core.

It should be remembered that n in (48) should be sufficiently
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large to warrant ‘the use of asymptotic>solﬁtion (45). When n is

very large (48) will decrease monotonously as n 1ncreases. AnL‘

interesting situation may arise in which PTl tirst increases
- with n and then after passing through.a maximum~decreasesjmo—i'
notonously. From (48) we fine that.this;maximum_oceurs et vﬁ‘¢}Nf
where 2 06 .
bl:-%~~§~gjsg(&>2&”d& IR
: 0. | | S (49) .
As we have mentioned before N must be suffickently large |
to assure that the maximium derived from the asumptotic solut—
ion represents a real maximium. If (49) is the ohly abso;ute‘:‘
madimium, then N will also represent the aﬁerageshumberkqf ‘
mesons in the field. In the following we shall see that thds
will be the case if the interaction is sufficiently strong. .
(49) shows that the most probable number of meson N is
determined by the function F (k) and the constant g' o In the

last section we have considered Tomonaga's expression for F, (kQ-'

2p 2
HUEES SR é('msJU‘féa’ﬁ‘ wrkiak
| | (502
Using variational mefhod Friedman, Lee and Christianlo/ obtain-
ed the following expression
po= ISRt T’U(&f&a~wﬁkiﬂk
E¥2eta)l, » "F 3 (am3o- £(e+a)? .

(500)

where a is a constant. When a is very large, (50b)’becomes



F(&rm‘&) F‘iﬁ L [Tudoke Sy l’<df<

X —= = | - . - ‘l 3
e, Ier?)l g S (500
Frbm;thé resﬁit of lasf section we have

jU(f()Fa(f«) .,ad&/[ (W&'d&
(51)
‘In the following we shall estimate the value of N using

Tomonaga's expression (50a) and also the extreme case (50¢).

The expression (50b)§?;§giedman efhal.mustflead to a result in-

termediate between these above two caseso In additioh we shall
use the following three types of cut—off funetion U(k)
(i) Straight cut-off

U(k) =1 k é-,K

0 =0 kv K (22)
(il) Gauseia?&gzﬁzgff
U(k) ) (52b)
(iii) exponential cut-off
(k) =@ /K ~ (52¢)

For K we may use the value used by Chew and also by Friledman
et al: K = 6, | |
Before we can proceed to calculate N we must also,khow'the
- intrinsic interaction constant q . This‘ % is different from
the observed or renormalized inferacfionvconstaﬁt 9y by a re-
no:malization factor Ry i.e., ~32 =;?gi{‘ According to the cal—’
dulation of Friedman et aly, R 1s found to be &s large as 7. On

ihe cher ‘hand, a recent estimation by Fubini and Thirringll/

»
?ez a @uch smaller value 2.2, The descripanoy between these two
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values can be explaned as folleweo As pointed out by Strof-
folinila/ the solution cf FrEdman et al describes more acem«w |
‘ rately the situation at small distances from the core where o
‘1the energy of the meson 1is high9 while the solution ef Fubini
and Thirring, which correlates the experimental results at lov |
eenergy region, describes more accurately the situation ih the
outer region of the meson clcudo Consequently the effect of o
change renormalization is likely to be underestimated in thef‘i
calculation of Fubini and Thirring owing to the neglection of
the contribution from high energy mesons at small distances fromi,j
:the core. Since in our calculation we are mainly concerned with
the situation at small distances frcm the core, we think that
the value obtained by Friedman et al 1s a better one. |
| ~That the renormalization factor could be quite large can
, also be seen from the following consideration. It should be not-
| ed that in many fixed source theories, the'renormalization}fac?
tor R for g2 is finite. This factor is eqnal to the ratio of:k-
the probability of the bare nucleon to‘emit or absorb a meson of
a given charge to the same probabllity of the physical nucleonal'
Thus for the neutral scalar theory this renormqlization factor
is 1, since the core of the nucleon does not loss any ability
fto emit or absorb a mesontwing to the presence_of the meson cloud.
:For'the charge scalar theory the upper limit Ofﬂthisifactor,is |
‘2'which'corresponds to the strong conpling-limit When‘the odre ey
has equal probability of being a %are proten or a bare neutron.
By similar reason for the chargeesymmetrical scalar theory, the 17”
strong coupling limit- gives thee value 3. In our. case of charge—o

symmetrical pseudo—scalzr theory it can easily be seen that the

i SRR

Oowemnenntil wucryryy v
SAEPHMX MCChefoBanui
BUBIMOTEKA
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"upper limit for %the reQ@@m@&ﬂzatidn fa@to?”is'Q (%he is@&@pi@
spin space:and the ordimery spin spase® eaGh @@ntribm%ing;a faetor
" 3). The value 7 gbtained by Friedma@ &t él‘corr83pémasﬂto the gi=
tuation that the orientatien of the €838 is 80% at remiem 4@ the
~dsotopic aﬁd ordiﬂary’spin spaces, |
It will further be pOinted out that the lgrgensss of B 49
‘aiso a necceéiry condition for our calculatiem to b@‘selﬁa@om=
-sisteﬁto In deriving (49) wa'have required that' N s%duiﬁ‘hé‘
suffi¢iently largeo It @am @agiw be sesm tt;m& wheny N 1is large,
- the orlentation of the core in isatcpi@ and ordinagg spim ApacEd
must be quite random. From the above consideration it foll@ WS
" that R ocannot be much less than the limiting value 9,
If we a0¢€P£ the value .R = 7 awd use for the renormaliz=
ed Goupling constart determined frbm’expafim@mts g}jq]?'s 0.1
then inserting (50) - (52)‘into'(49)9 we can calculate the nums—
rical values of N for different choices of F (k) and w(k)o The
results are tqbulated in Tabl@ LIPS
Table Teo

.......

We see from this téble'that N 1is indeed a large number. Wo 268
further than the largeness of N 1s quite“irndepéndent’ of the”

BRI €OV SRS R [eS VRN S
U (k)' ! . ° . { ........... P
B . Straight ) Gausslan | expon, |straight) Gaussian expon.
: ‘cut—off | cut—off  gut-off chl-off ‘eutwoff cut-ofﬁ_
x| w7 . sy 1313 26

| . i

" form of Fo(k) and U(k). It depends rather sensitively on the cut= _
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off momentum K and the value fof"'renormaliza;tion'" fattor R, In
ﬁar“calculotiOn we have assumed that'R should beﬁlefgé;'bﬁt'the
value of X has been Pixed by Chew and many other authors beforao
In calcnlating N we have replaoe £ by ¥ in all integrals"
sinoe the contribution to- these integrals comes mainly from Iurée
values of k¢ The above result shalz ‘that for a wide rango ef b3 (k)
and U(k), ‘the most probable or avetage numbez of mnsons in the ‘
vicinity of the core is of the order teno " |
“Based on our above picture of physical nuclenn, the "s—atar"

obse#ved by Lord, rainberg and Schein13/ may be explained wmmedie
ately as formed by shaking off of the meson clnud outside the cores
of two colliding nucleons. In center of mass system, the shawer o
particles shaken off from each nuileon form & mayrow cone containe}
ing about ten mésons moving in the direction of the initdaiwhﬁcle_
‘oino - . . . . . . . . el

- From the above picture we see also"tha£;thn‘avebage-thhe;‘
verse component'of momentum of the shoWﬂr“particﬁes perpendicular
to the line of ¢ollision should be ¢ % Ko This is also in agreement
with the obsergation of the S-star. We therefoxe conclude that the
phenomena of meson shower production by'nuOIcoh collieions:af ener-
gy»1017 ev fit qﬁite,well into onr:picture pf nucieon strﬁciureo
To explain'theipﬂenomena there ig no urgent aeed todgo to Fefﬁidé-
statistical tkeory14/ or even to hydrodynamicall5/ or non—linear
theoﬁeslﬁ/ ‘One degisive defect of all these- theories is that o
they cannot give satisfactory exglanatioa ﬂhr‘anti-nncleons and
strange particles are. not produced in largi qaantities dnngside

with the showex of mesonso



The gquestlon now arises as to whether the gmound state
:;,soiutibn obtained ahove is c@nsistent with gxperimental results
‘:at Low energiesg Since the elwsromagnetic properties of the cors
are yat unknown, no deflnite statements on the magnetie moments
: and cxosswsectiuns For- photo-production of mesons can be made

by any cut—oft’theory unless the coupling is extremely strongg
vin which case the contr@h&tion of the ‘core will vanish on the
'averagag;Thevnuglear pstential cann@t give any indication asa

to the number of mesons in the field‘sineé it is well xnown
that in neutral_scalar‘thsory Yukawa pefential is always obtain-
?& independent of ‘the number of virtual‘mesonssig-ths field.
The samé‘situation also happens in the strong coupling 1imﬁt
 for ail types of’meson theories, As has been stressed by Fubini
and Thirring, the only experimental material which can be used
E‘far @omparison is the p=wave soatteringa The results of Strof-
 fo11ni and Friedman et al have shown that the experiment can
aiways be‘sxplaina& by scattering integral equation 1nvolving

only zero and one meson states 1rrespest1ve of the form of so- .

lution of the ground state of the nucleon, In this sense we may
}conclude that the present ‘theory is not inconsistent with any
‘existing etperimental resulto

The results of last two sections may be summarized as follows.
We,have\acceptsd Chew's non-relativistic model of physical nuc-
leoﬁ more seriously and invesﬁigated'the siﬁuation‘at small dis—
Jtances frongEﬁﬁcoreu We found that if the renormalization factor
for coupling is large, then the asymptotic solution for the
ground state will be very useful for astimating the distribution

of mesons at small dictances fwem the corea Since the intrinsic

-
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coupling constant is large the coupling between the core and’ the
field is quite strong in the vicinity of the core and the number of n
mesons there will be quite largeo This gi?ea a satisfactory ezplanat-fl
ion of the Sestar observed by Lord et al. As the distance from the :a:t
core increases, the effective coupling constant will decrease and
the coupling between the core and the field will become weaker. In o
the outer region of the field,,the renormalization factor will;be hlf
equal to that given by Fubini and Ihirring. There the theory of Chew
must be relled on to give correct‘descriptions,of low energynpheno%h-}
mena . ‘_' et
Two further remarks are now in ordero Firstly, when we aooept
(49) as- giving the maximium in the reglon . of large. n, we have assum-w"
ed that there 1is no other maximium 1in the region of small no If the
latter is the case, then the absolute maximium may not be given by .
-(49) and the value N will no longer represent the average number |
" of meson. in the field. We know however from the result.ofrPauli and
Dancoff that in the limit when the coupling is very strong, the ab-
solute maximium is given by (49), and we have reasons to expect that
this is s+ill true when the’ coupling is moderately stronga (i.e.,.
when the renormalization factor 1s 7 instead of N Since it is yet
impossible to obtaln the régorous solution for the ground state, at
the moment this expectation can only be an assumptiono,Secondly,
although our assumption that the intrinsic coupling constant is lar-
ge 1s consistent with know experimental results, the possibility that
it is small cannot be overlookedo Fubini and Thirring have given so-.
me evidence for preferring a model" of physical nucleon with a smaller |
value of intrinsic coupling,constans° Further experimentadl asvwell as
| theoretical investigation is»thereforelneed before definite;conclus—'

ion can be drawn
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Appendix T

“A large part of the folloWing“results'hab been obtaiﬁed by
Pauli and- Dancoff before. But in their calculations the meaning

(0) (o) o :
43 ‘is entirely different In their case ¢35 Qr ‘ are
. (o) :
all real quantities,‘whereas our: (P%S © and Qf must.be conside—

" red as complex quantities, Therefore im our caloulations we shall
5svoid to use the geometrical meaning of Agf and By, aund their
represenfation in terms of Euler angles, '

We introduce the following transformation inm the ordinary

" space and the isotopic spin space:
| Gs=,§“;Asr<Ge( = S an

ZBM e

*ASK' and BYd‘ are all- complex numbers but satisfy the follow=

ing conditions of orthogonal transformationo

Bvo(Bscx“CS [BmBg op
(3°)
EAG‘YA°§5»:5YS,1 XAWAPY up
Ve may choose‘.A‘V(S 'and“BYJ ‘such that' o
)SBn( cPoésAsk 5kar o

In order to proie that this is possible, we censider the fol-
';lowing two ‘matrices | '
. )

Cys=Coy ﬁg L ®ss 'Co(p :de':§ Py qbpf



€,g and C'p  should be considered as complex numbers.
Since any symmetrical complex matrix can be transfermed
inte diagonal matrix by a complex orthogonal transformatien,

we may choose Agk and B“¥ to satisfx

A, C SSaw. | O
Y)ZS v vs Agp AR e R
. Z Bya( CO(P BSP - SYSW ‘ j } S (?')

Using (5) and (3) above'fwo-relations cman be written

E Py SBip = 04p i on

Z:S?sfgvt =0psWy - BN LS
where
S?tp-i B‘ET Cb'[s ASﬁ . | ‘ (10')\'.
(6) and (P) can alss be written as
.‘ % CYSASﬁ = AYP WF’ ‘ \,__MN_", / - (11')
| 2 By.Cyp :BYPW\; | ey
Since | )
(13¢)

Z &vds—zgrcm P (x%s,
maltl ly 11¢) from the rigcht by ‘ﬂnhf " we nhtain



-

Z EIJP\'C)I’SA P z C’Po( o(SA55 Zkfp)— )-P

Muj:tipl.}’ again by Bn, -

O(ZP BhP Pe( G(SASB Z an yPVAYﬁ B -

From (12!') we'obtain

LB w
3 e VdsAsp %Bn}: Tov Arp WB

, Wnl_sznp = an Wp-.

| @4

If Wi, Wi, Wiy are all distinct, (14°) gives immediately
W, =W

Snn (151)

and that G2 ng 1s e dlagonal matrix., If W', W', W'y are

not distinct, e.gey W'y = W'2, we may consider the ocase as the

1 2
From . (8'), (9 ) we have

Qy,,( = 7: Byt q’TsAsa(“ - 5vo<r

limiting case of WY, -3 W?_  and obtain the same result,

(163
(16') proves that (4°) 1is p@@sible and Q =t‘f;z:

In the following we shall use (3') to derive some important
_relationsc (1)s The angular momentum operator of the meson

field is

qu‘E(iﬂﬁ&k'%mJ&ﬂ" 090 

Using commutation relations between iyl and %Qi we prove

easlly



| L(Lik)% s Ipg] =0

| L[Ltk, Z Ius 9745].: ZZ 3’c('ty Lydé 5k 22 yo(k ya(s JLS

Above two relatiorns san alse be written as )

L[le)CdP]:O [ K B ‘(20,‘_),";( :
Lk ;‘Css]n:‘ECLs;gks‘ ?‘-Ckggts | o (210y
From (7¢) amrd (15%), we obtain | | - ' o
Cip =T By Wy By @y
“Inserting (22') into (20%) we obbin : - v .
, [ Ik) Y] 0 | N : , o <23°)'
From (6!) we have : . | \(2403‘, .

: Because of (23'),

Inserting (24) into (21') and comparing with (25'), We o
obtain finally - |
SIS S T
(11) The sngular momentum operator invisatbpicvspin space is&-
given by _ | | ; o E
To(Pl =§ (%w Jgy ~ Ipv JTo{v) | (7).
. By similar calculation we can prove r | .
R L . (289)
(T B =S5 B~ B >
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(411) Let
rs

L "= Z—K"AlvAks Lik)

' rS
T = ﬁ raBSBTdP

Using (26') we obtain

VL, Aet] - LZkAiYAks[LimAet]:art Ags =I5t Agy.

Similarly from (28') we obtain

Y5 ' 1
lL[T )Btd]:%Bm_Bse[dp)Bkt] tBsd',oCst Brot-

| From*<19'>;'<27->,'<29'> and (30') we obtain

| UQ AsBr T dk -0 Ay Bea i)

L (o)

;Ti El(Q AkYBSd ak Q Akth4 dk

‘which give when r # s,
| L ¥S __rS

| e g LT L-T

E{AmBs&ﬁdk-‘a Qr - Qs Qe+ Qs T

and when r = s, we may deflne

EARYBMJTO(J{ P
From (33') and (341) we obtain finally
ck vk

(o). __ . ’
7757 A, B,
d S Y)k Sr ko( Y Qk ‘QY+Qk

ngk*' <L. +T _lL. -T" )(1“(5}[()&

(291)

(30)

(31

(321)

EED

(341)

(35%)
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Appendix II.

In the following we shall investigate the effect of neglec
ing terms containing R!<V in equation (26). We consider th
term proportional to (Eft Q )V ot (37) '

{ 1 py"Ve ‘ n
“ATﬁ(‘g)(EI) _(X_TrG,Qr)

‘ - | | (36"
We first evaluate the result of the terms containing R.a p-

plying to (36') Expanding (36') in the following form

_ _ n | n
TG R L, G e nee) s

and using (28) we obtain

QI y (nH)/E n-l _n-‘n3-1;i;"
('Ca R)IET = A( g ("‘I) (IEG )L Le=o~ (n-n3)ingl _

nn E+|

e Ry
(T, 6 Q +'CaGaQ ) (T, G, )(‘[.6, Q,_’r'CaGelQa)eﬂ; 63'Q3_) 3

Since ’C 6 anti-communties with (T, ‘s, ‘qQ +'[,'362Q ) we
may dioplace the factor CC G’ by using this anti—commutat
~don relation-to the right After adding the result obtdinéd by
interchanging 1 and 2, we obtain _v
_g__'[r/a_’[t’ﬁfp +T16’P ]T :’_,A(_ )nﬂ(_‘_I)Eaﬂ Zn‘-l {[-(_,)n-%]
oge b [EPet T e JTn=m AT A2l Lo i
(T'G'Q +T16.‘ Q )n~n3-|(,t46.’ Q3)n3 | L : : : (59,)

On the other hand inserting (37) into (30), we see thata

the first two terms of (30) operating on (37) give rioe to zero.‘”

The part containg T3 3 in the third term of (30) when applied
to (36') gives ‘




| ? TR
—-vj i r-*- n-l .
| \T"] tﬁs acT A (n \)l( % {21) (r;\ 'qur) |
Sl %‘ S MRS, neg

} ‘ -—-i\~;' UpS n
WO (W—‘M‘%)!MJ“ SQ“*‘ L5 &) (T5 5 &)

A9l GI)
(407)

L,6:%,)"

(39)13 smaller than the corresponding coefficient in (4@) by a fac=

Nyt T
We see that the coefficient of ( Lfﬁﬁ& 3*2‘5 Q )

: tor[J-(-Hn-hiL/{ﬁ““5E\ o When n - Do is even this face
tor 1s zeroj when n - ny is odd this factor is 2/(n - nj)e Vhen
‘n is very large, the terms in (39') and (40') which represent
the largest probability arelgiven by n3 {2 n - n,y % n/R. The-
refore the ratio of terms in (39') and (40') corresponding to
the largest ﬁrobability is eqﬁal to zero or 4/n. This euffices to
show that when n is very 1arge~(39') may be neglected in compari-
son to (40'). In other words the term contdining Ry in (26) may

.'be neglected when n:is very large.

#
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