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Wepresent a model for the inelast ic  effects.of the sN S-matrix i n  the 

H i lber t  problem associated with the calculat ion  o f  the rNN vertex and 

the I=1/2, J=1/2 electroproduct ion ampli tudes . The model i s appl ied t o  

the calculat ion o f  the isocalar anomalous magnetic momen t o f  the nu- 

c1eon.

Apresentamos um modelo para os efeitos inelásticos na m a t r i x S do s is-  

tema rN,  para o problema de Hi lber t  associado ao cálculo do vért ice nNN 

e das aplitudes de eletroprodução com I=1/2 J=1/2 Aplica-se o modelo

ao cálculo da parte isoescalar do momento magnético anômalo do núcleon.

Theanalyt ic i  t y  i n  the nucleon a o f  the electromagnetic form factors 

of the nucleon, a t  f ixed momentum   transfer squared q21 0, a1 I- for  

the dispersion re lat ion o f  the Pauli form factorl: 

* n i s  work was part  ia1 1 y supported by the ConseZho YacionaZ de Desen- 

voh6nento ~.ientzfico e TecmZÓgico (CNPq) , Braz i 1 . 



where i t  i s  assumed that  no subtract ion i s  needed. The threshold W, i s  

the sum o f  the nucleon and pion masses, Wo= m + p .  

The isotop ic  spin s t ructure o f  the electromagnetic current leads one t o  

consider isoscalar and isovector form factors.  They w i l l  be normalized 

a t  q2 = O by ~ ~ ( 0 )  = ~.e/2m, where e i s  the charge o f  the proton and K 
S 

i s  the anomalous magnetic moment, w i t h  experimental values K = -0.060 
.\I 

( isoscalar)  and K. = 1.853 ( isovector) .  

In  the lowest intermediate s ta te  approximation, the u n i t a r i t y  equation 

reads : 

where Q(+w;q2) i s  a phase space factor ,  K(+w) i s  the TNN f o r m  factor  

wi t h  one nucleon o f f  shel 1 , and M('W;~') i s  a ce r ta in  combination o f  the 

I = 1/2, J = 1/2 mul t ipo le  ampl i tudes o f  pion e lect ro-  o r  photoproduc- 

t i o n  y N +  RN . The isospin s t ructure o f  these amplitudes na tu ra l l y  de- 

pends on the form factors  considered. 

The f i r s t  ca lcu la t ion  o f  these "sidewise" dispersion re la t ions  was done 

by Drel 1 and pagels2 wi t h  the so-cal led threshotd doknance d l .  Their 

approximation consists i n  assuming a p o i n t l  i ke RNN vertex K(+W)=g , the 

pion nucleon coupling constant, and i n  taking the Born approximation for 

the photoproduct ion ampl i tudes. ~urthermore, they use zero p i  on mass 

kinematics and have t o  introduce a cu t- o f f  t o  avoid divergent integrals. 

In the subsequente work o f  Ademollo, Gatto and Longhi , the a N N  vertex 

was given some st ructure by assuming e l a s t i c  u n i t a r i t y :  

where ~(Iw) stands for the P11, i f  +W, and S11, i f  -W, pion nucleon pha- 

se sh i f t s ,  respect ively.  The mult ipoles are obtained a lço  from e l a s t i c  

uni t a r i  t y  i n  the s-channel : I m  M = exp{ib)sinb.M*, wi t h  Born terms and 

A-resonance exchange t o  account f o r  the crossed channel s ingu la r i t i es .  



Love and ~ a n k i n '  used a M N  form fac to r  which i s  a c t u a l l y  t he  same as 

ours, and took the mul t ipo les  frorn experimental data. The d ispers ion 

r e l a t i o n s  were in tegra ted up t o  the upper l i m i t  o f  the ava i l ab le  data. 

They included a l s o  an estirnate o f  the intermediate QN s t a t e  which i s  

s t rong ly  coupled t o  the SI1 s ta te .  The i r  ca l cu la t i on ,  however, su f fe rs  

from the ambigui t ies i n  the phenomenological ana lys is  of  the  photo pro- 

duct ion  data. 

The threshold dominance model was c r i t i c a l l y  analyzed and i t  was shown 

tha t  the  low-energy c o n t r i b u t i o n  t o  the d ispers ion i n t e g r a l  was s e r i -  

ous ly  overestimated due t o  the use o f  zero p ion mass kinematics. 

I n  our approach, we assume sa tu ra t i on  o f  u n i t a r i t y  by the lowest i n t e r -  

mediate s ta te :  I m  F, = cP R d K  M*), what amounts t o  I m  F , = @ K M * + p  w i t h  

Re p = O .  I n  Sect ion 2, we sha l l  discuss our c a l c u l a t i o n  o f  the aNN 

form fac tor  t ak ing  the i n e l a s t i c i t y  o f  the nN P11 and SI1 waves i n t o  

account. The e lec t roproduct ion  amplitudes are t rea ted  i n  a s i m i l a r  way 

i n  Sect ion 3, and we apply our model t o  the c a l c u l a t i o n  o f  the isoscalar 

magnetic moment i n  Section 4. 

2. THE PION-NUCLEON FORNI FACTOR 

The form fac to rs  K ( I W )  are shown t o  be boundary values o f  a rea l  analy-  

t i c  f unc t i on  k ( z )  i n  t he  complex z-plane cut  along the  rea l  ax i s  f rom 

+v, t o  -h : 

and 

K-(+V) = k ( + ( ~  - < O ) )  = ( K + ( I W ) ) *  . 

By d e f i n i t i o n ,  the pion-nucleon coupl ing constant i s  

g = k(m)  . 



Omitting the I W  dependence, the un i ta r i t y  equation reads 

where S = r1 exp(2i6) i s  the S-matrix fo r  .rrN scattering i n  the P11 state, 

i f  (+V), and i n  the SI1 state i f  (-V); the contr ibut ion o f  intermediate 

states others than the írN one i s  denoted by R. 

For given functions s(+w) and R(IW), Eq. (3) leads t o  an ínhomogenews 

Hi lber t  problem: 

which can be solved fol lowing the standard methods o f  Muskhelishvil i5 

provided cer ta in regular i ty  conditions on the functions S(IW) and R(+w) 

are f u l f i l l e d .  

However, the general solut ion o f  the Hi lber t  problem (41, w i  t h  supple- 

mentary condi t i on  i(2), i s  seen not t o  sa t is fy  the Schwarz r e f  1 e c t  i on 

property (13 fo r  a rb i t ra ry  S and R. 
I 
I 

Since we shal l  assume S t o  be given by the expe r imen ta l  d a t a  on írN 

scattering i n  the P11 and S I 1  states, the requirement (1) i mposes i n  

fac t  a condition on the function R which has t o  be s a t i s f i e d  f o r  the 

problem t o  have a solution. This condition takes the form o f  a qui te 

complicated functional re lat ion between S and R but itcan be displayed i n  

a simpler form by the fol lowing device: taking the sum and dif ferenceof 

(41, ind i t s  complex conjugate, we obtain 

The f i r s t  o f  these boundary conditions amounts to  the statement tha t the  

righthand side o f  (3)  i s  real, while the second one i s  nothing else than 



the wel l  known Goldberger-Treiman t r i c k  consisting i n  taking h a l f  the 

sum over in-  and out-states i n  the un i ta r i t y  equation. Each o f  these 

boundary conditions defines a Hi lber t  problem which we shal l  w r i t e  as 

where j = 1 corresponds t o  (Sa), and j = 2 t o  (5b). 

The advantage o f  t h i s  formulation o f  the boundary condition i s tha t  each 

o f  the H i lber t  problems H. has the following property: 
J 

a) The kernet G. has modulus one, so that 
3 

. b) The inhomogeneous t e m  sat i s f  i es 

As we shal l  show later, these properties permit t o  express the Schwarz 

re f lec t ion  property i n  a rather simple way. 

The phases $ .  are given i n  terms of the phase sh i f t s  and inelast ic i t ies 
3 

by 

where the determination o f  the arctan i s  chosen such that $ v a r i e s  i 
continuously w i th  W over the interval [W,,g. I n  the e las t ic  r e g i o n ,  

n=1 and = = 6. 

According t o  Levinsonis theorem, the phase sh i f t s  &(+V) tend t o  an in-  

tegral mul t ip le o f  IT a t  i n f i n i t e  energy so that, i f  1 - n(ltW) i s  d i f -  

ferent frorn O a t  , tan$, (*) = a and t a n $ * ( i )  = O. The experimental 

data seem t o  favour = .rr/2 and 4,(& = O. I n  Huskhel ishvi 1 i ' s 



terminology, t h i s  imp l ies  t h a t  a11 the endpoints o f  the  d i s c o n t i n u i t y  

contour ('vo and m) are  spec ia l  ends. 

The so- ca l led  fundamental so lu t i ons  o f  the associated homgeneous pro- 

blems are  

where 

The boundary values o f  x.(z), denoted by X. +(+V) and X (+w), are d i f -  
3 ,i,- 

feren t  from zero  and bounded on rhe cu ts  ,+a] . 

The general s o l u t i o n  o f  the  inhomgeneous H i l b e r t  problem, which i s  

bounded a t  +Vo by I k ( z ) l  < const .  l z  - ( ~ w , ) I - ~ ,  and a t  by I k ( z ) l  < 

const. lzl",  O 5 a < 1, i s  g iven by 

where P.(z) i s  a polynomial i n  the v a r i a b l e  (z  + m) / (z  - m), 
I 

P ,  (z) = (z + vi, / (z - m) + C . (1 l a )  

These polynomials are  constructed i n  such a way t h a t  k(m) = g. The func- 

t i o n  x.(z) ~ . ( z )  i s  a p a r t i c u l a r  s o l u t i o n  o f  the  inhornogeneous problem, 
3 3 

A .  being given by 
3 



where 

teg ra  

the  

t i o n  

are  rea l  due t o  (6b). The lower i n -  f unc t i ons  r = - 
j 2i x 

i, + 
l i m i t  W i  i s  the i n e l a s t i c  threshold.  

I t  i s  c l e a r  t h a t  the  func t ions  x.(.z) and A.(z) a re  rea l  a n a l y t i c  func- 
3 d 

t i o n s  so t h a t  t h e o n l y  cond i t i on  imposed by the Schwarz r e l a t i o n  ( 1 )  

i s  t h a t  the  a r b i t r a r y  constants, which may appear i n  the polynomials 

J (z)  , must be rea 1 . 

The requirements ( I )  and (2) a re  thus f u l f  i l led  but, i n  o rder  t h a t  the  

i n i t i a l  boundary cond i t i on  (3) be s a t i s f i e d ,  we,must demand t h a t  the  

general s o l u t i o n  o f  the Hi l b e r t  problem H1 s a t i s f i e s  a l s o  t h e  o ther  

boundary c o n d i t i o n  (5b). Th is  y i e l d s  a cond i t i on  on R i n  the form 

where K ,  + depend f u n c t i o n a l l y  on Im R and S. 
3 -- 

Equ i va len t l y  we could s t a r t  w i t h  the general s o l u t i o n  o f  H, and demand 

t h a t  

I n  prac t ice ,  R(+W) i s  n o t  very w e l l  known. As a simple model, we shall 

assume the i n e l a s t i c  c o n t r i b u t i o n  R(*W) t o  be given by the intermedi-  

a t e  u N  and Q N  s ta tes  which are  s t r o n g l y  c o u p l e d  t o  the TTN c h a n n e l  

through the  S I 1  and P11 resonances .Furthermore, the0N-t TN and Q N +  aN and - 
amplitudes w i l l  be approximated by the surn o f  t h e i r  Born terms and the 

resonance exchange wi t h  some phenomenological propagators A (v2) and P11 
Asl (v2)  , whi l e  the  uNN and n N N  v e r t i c e s  wi 1 1  have on ly  the resonance 

exchange terms. With these approxirnations, i t  comes up t h a t  Im R(+w) 

i s  p ropo r t i ona l  t o  i n te r fe rence  terms between d i f f e r e n t  resonance pro-  

pagators o r  between Born terms and resonance propagators, whi l e  Re R 

(+V) i s  p ropo r t i ona l  t o  the squares o f  these propagators. 

From t h i s  model, we s h a l l  on l y  use the r e s u l t :  I Im R I  < <   IR^ ~ l . l t  



seems thus preferable t o  s ta r t  from the Hi lber t  problem H1 neglecting 

I m  R, so that the general solut ion (10) becomes 

In  other wrds,  our mde l  o f  R(icW) consists i n  taking Im R(+w) = O and 

Re R(IW) can, i f  one wishes, be computed from (13a). 

The solut ion (14) s t i l l  contains an arb i t ra ry  real constant C which can 

be f ixed by demanding that k(z) should tend .to zero a t  m . In  th i s  

case, C = -1 and (14) reads 

which i s  the solut ion proposed by Love and Rankin. 

That k ( i )  should tend t o  zero a t  I s  suggested by a sum ru le  of ~ove': 

These relat ions hold fo r  a zero value o f  the mmentum squared o f  the 

pion, and they can be generalized t o  negative values o f  t h i s  momentum 

squared but not t o  the physical value u2. 

It was the aim o f  t h i s  Section t o  show what kind o f  approximations are 

involved i n  the solut ion of Love and Rankin. 

The boundary values o f  the solut ion (14) are: 



The index 1 has been dropped so tha t  $ ( + V )  i s  given by the f i r s t  o f  

equations (7) ,  and ~(Iw) i s  obtained from (9) w i t h  z = +W and w i t h  the 

i n t e g r a l  taken as a Cauchy p r i n c i p a l  value. 

The numerical i n t e g r a t i o n  was performed over the e n t i r e  energy i n t e r -  

va l  p u t t i n g  $(+V) = a/2 f o r  values o f  W greater than the upper l i m i t  

o f  the ava i l ab le  data (2189 MeV i n  our case). 

3. THE ELECTROPRODUCTION AMPLITUDES I N  THE 1 = 112, J = 112 STATES 

3a. GENERAL METHOD 

Once the k inemat ical  s i n g u l a r i t i e s  have been removed, the amplitudes 

M(*w;q2) are seen t o  be boundary values on the rea l  a x i s  o f  an analy- 

t i c  f unc t i on  m(z), a t  f i x e d  rea l  values o f  q2 < O. The func t i on  m(z) 

has, besides the s-channel u n i t a r i t y  cu t  from +V, t o  - , add i t i ona l  

s i n g u l a r i t i e s  due t o  the Born terms and the exchanges 

channels o f  yN -t TN. 

We shal 1 assume tha t  m(z) can be w r i  t t e n  as the sum o f  

n the crossed 

two terms 

(17) 

where the f i r s t  one mL(z) contains a1 1 bu t  the physical  s -~hanne l  s in -  

g u l a r i t i e s .  

ve separat ion 

The s-channel 

t w i l l  be given by a model which i n  f a c t  def ines the abo- 

u n i t a r i t y  y ie lds ,  f o r  W 5 W, , 

I m  M = (1/2i )  (S - 1) M* + R' , 

or ,  s ince m i s  rea l  i n  the s-channel cu t ,  
L 

MR,+ =SMR,- + (S - 1) mL + 2i R' , 

w i t h  obvious nota t ions.  



Again we n o t e  t h a t ,  f o r  g i v e n  S and m  t h e  r i i l b e r t  problem (18) has no 
L' 

s o l u t i o n  f o r  a r b i t r a r y  R '  s a t i s f y i n g  t h e  c o n s t r a i n t  

I n  analogy w i t h  t h e  aNN v e r t e x  problem, we t a k e  Im R '  = O so t h a t  w e a r e  

lead  t o  t h e  inhomogeneous H i l b e r t  problem: 

where @('V) i s  t h e  same as i n  (16) .  

The TNN problem was s o l v e d  u s i n g  k(m) = g and assuming a  s u i  t a b l e  beha- 

v i o u r  o f  k ( z )  a t  , as appears i n  t h e  s u b t r a c t i o n  procedure used t o  

o b t a i n  (8) and ( 9 ) .  I n  t h e  case o f  t h e  mul t i p o l e  c a l c u l a t i o n  a l  so, some 

a d d i t i o n a l  i n f o r m a t i o n  i s  needed, F i r s t ,  we suppose t h a t  t h e  c ross  sec- 

t i ons  f o r  e l e c t r o p r o d u c t i o n  go t o  c o n s t a n t s  a t  i n f i n i t e  energy, i m p l y i n g  

t h a t  M(+w) shou ld  be bounded a t  i n f  i n i  t y .  The second i nformat  i o n  we use 

concerns t h e  behav iour  o f  p a r t i a 1  wave amp l i tudes  near t h e  o r i g i n . U s i n g  

h e l i c i t y  formal ism,  i t  i s  s t r a i g h t f o r w a r d  t o  g e n e r a l i z e  t h e  r e s u l t s  o f  

Freedman and wang8, f o r  s c a t t e r i n g  o f  s p i n l e s s  p a r t i c l e s ,  t o  t h e  yN+ ITN 

process 

We o b t a  ined  t h e  f o l l o w i n g  r e s u l t  f o r  o u r  1=1/2, ~ = 1 / 2  m u l t i p o l e s :  

where C+ a r e  cons tan ts ,  and where a (0 )  i s  t h e  va lue,  a t  z e r o  energy,  o f  - 
t h e  nucleon Regge t r a j e c t o r y  exchanged i n  t h e  s- channel .  A t y p i c a l  value 

i s  a ( 0 )  = -0.39. 

The fundamental s o l u t i o n  o f  t h e  a s s o c i a t e d  homogeneous problem i s  now 

chosen as 



The general s o l u t i o n  o f  (19) f o r  a "well behaved" m d e l  o f  m L ( z )  i s  

where a ,  and a ,  are a r b i t r a r y  rea l  constants, and 

The t o t a l  mu l t i po le  i s  then obtained as 

where aL(irw) has the same form as (23)  wi t h  the i n t e g r a l  t a k e n  as  a 

Cauchy p r i n c i p a l  value. 

The above c a l c u l a t i o n  scheme i s  i n  f a c t  an adaptat ion o f  the  e a r l y  work 

o f  Dennery, Zagury, and ~ d l e r ' ,  f o r  the c a l c u l a t i o n  o f  the  I=3/2,  J=3/2 

mul t ipo les  which dominate the  e lec t roproduct ion  process. 

The new feature  we have developed here i s  the  approximate treatment o f  

the i n e l a s t i c  resonant carac ter  o f  the I=1/2, J=1/2 pion-nucleon s ta tes  

which i s  essent ia l  i n  our problem. 



By const ruc t ion ,  m (z) i s  a n a l y t i c  i n  the neighbourhood o f  the  o r i g i n :  
R 

The "left-hand" c o n t r i b u t i o n  m (z) i s  c e r t a i n l y  no t  a n a l y t i c  near z = 0 ,  
L 

b u t  i f  we have an asymptot ic  expansion on the  r e a l  a x i s  o f  the  form 

then the constants a, and al can be f i x e d  by the  assumed behaviour near 

the o r i g i n  i n  (20):  

The main, w e l l  known, advantage o f  t h i s  c a l c u l a t i o n  scheme i s  the  l i n e -  

a r i t y  i n  mL(z). The model f o r  m (z) w i l l  genera l ly  cons i s t  i n  a sum L 
o f  Born terms and c o n t r i b u t i o n s  a r i s i n g  from d i f f e r e n t  resonance exchan- 

ges i n  t he  crossed channels: 

where the  y 's  are products o f  s t rong i n t e r a c t i o n  coup l ing  constants 
j 

w i t h  hadronic e lectromagnet ic form fac to rs .  

Eachm (z) w i l l  g i v e a c o n t r i b u t i o n r n . ( z )  t o  the  t o t a l  mu l t i po le  and 
L, j 3 

The a r b i t r a r y  constants a and a which appear i n  each term w i l l  be o, 1,j 
f i x e d  by the behaviour o f  m (z )  near the o r i g i n  according t o  (25).  

L, i 



3b. CONVERGENCE QUESTIONS 

The above ca lcu la t ion  scheme works as long as the functions occurr ing 

i n  the boundary condit ion (19) sa t i s f y  the Holder-cont inui ty r e q u i r e -  

ments inherent t o  the forrnulation o f  the H i l be r t  problem. I npa r t i cu l a r ,  

the inhomogeneous terrn 

should tend s u f f i c i e n t l y  f as t  t o  constant values a t  i n f i n i t y :  

E being a pos i t i ve  constant. 

We sha l l  assume tha t  @(+V) tends very fast t o  i t s  asymptotic value ~ r / 2  

so that, f o r  s u f f i c i e n t l y  large W, g t ( tw)  1, -2 rn ( + V ) .  Since the func- 
L - 

t i o n  rn (2) i s  given by some model, we must v e r i f y  whether condi t ion (28) 
L 

i s  sa t i s f i ed .  Our model consists i n  Born terms and vector meson exchan- 

ge i n  the t-channel, and the worst k ind o f  behaviour we encounter i s  o f  

the fo l lowing type: 

We sha l l  a lso need the behaviour near the o r i g i n  which 

W 
mL(*W) 1, ci + @(%) + 0(w2), when W -t O . 

l n  W). 

i s :  

Clear ly,  w i t h  such a model the in tegra l  (23) diverges and we have t o  

make two subtractions. Since we have some information about the beha- 

viour o f  the mul t ipo le  near the o r i g i n ,  i t  seems natural  t o  choose z = 0  

as subtract ion point .  One way t o  proceed i s  t o  introduce the funct ion 



where mR(0) and m&(O) are the values o f  the func t i on  mR and o f  i t s f i r s t  

d e r i v a t i v e  a t  t he  o r i g i n .  This func t i bn  i s  a n a l y t i c  i n  the c u t  complex 

z-plane, and s a t i s f i e s  the boundary cond i t i on  

The s o l u t i o n  so obtained contains,  besides the two a r b i t r a r y  constants 

o f  the  type a,, a ,  i n  (22), the  two sub t rac t íon  constants mR(0) and 

m p .  

An a l t e r n a t i v e  way i s  t o  introduce the funct ions 

so tha t  m" (z) obeys the same boundary condi t i o n  (30) on the cut ,  but  has 
R 

an add i t i ona l  s i n g u l a r i t y  a t  the o r i g i n  (a double po le) .  The general 

s o l u t i o n  o f  t h i s  modif ied H i l b e r t  problem i s :  

where Ã (z) i s  g iven by the analogous expression t o  (23) wi t h  mL(z) re-  
L 

placed by mL(z). The boundary values on the  cu t  are:  

We s h a l l  need the asymptotic behaviour o f  the funct ions x1 (IW) and ãL 
(.w) : 



where x and x are  rea l  constants which we can compute from the phases 
CD 1 

@($V), and 

See note 10. 

The constants bo and bi  n a t u r a l l y  depend on the model f o r  rnL(z).. The 

t o t a l  mu l t i po le  then behaves a t w  as 

and, s ince WM+(?W) must be bounded a t  i n f i n i t y ,  the constants a, and 

a,' a re  f i x e d  by 

a2 + bl  = O and a ,  + b ,  = O . (34) 

The two o ther  constants are f i x e d  by the assumed behaviour a t  the o r i g in  

(201, 

so t h a t  (20) impl ies 

a, + a  = O and a, + B = 0 .  

The number o f  necessary subtract ions w i l l  n a t u r a l l y  depend on the par-  

t i c u l a r  m . ( z )  considered. 
L, 3 

4. CALCULATION OF THE ISOSCALAR ANOMALOUS MAGNETIC MOMENT 

I n  t h i s  case, the model f o r  m L ( z )  w i l l  be given by the c o n t r i b u t i o n  o f  

the Born terms due t o  nucleon exchange i n  the s- and u-channel and by 

the exchange of the P meson i n  the t-channel. The gauge invar iance o f  

t h i s  approximate amplitude i s  assured by the method o f  B a l l "  which can 

be extended t o  q2 f O, o r  by the equivalent  treatment o f  ~ d l e r ' .  



The isospin s t ructure o f  the isoscalar mul t ipo le  i s  such that  the pion 

exchange i n  the t-channel o r  the A(1236) exchange i n  the u-channel does 

not contr ibute. We obtain:  

where the f i r s t  two terms come from the Born approximation and the l as t  

two are due t o  p exchange. The vector and tensor coupling constants o f  
T 

pNN are G' and G , and X i s  the prry coupling. This model leads t o  a 

mul t i po l e  o f  the type (27) which together wi t h  the resul t f o r  X ( I W )  i s 

subst i tuted i n  the dispersion r e l a t i on  o f  the isoscalar form factor  a t  

q2= O. The fo l lowing r esu l t  i s  obtained: 

where the numerical values o f  the calculated constants are: 

No attempt was made t o  evaluate er rors  bars on these numbers i n  view o f  

the rather complicated way they were obtained. Like every resu l t  o f  a 

dispersion r e l a t i on  ca lcu la t ion,  Eq. (37) gives only a r e l a t i on  between 

amplitudes o f  d i f f e r e n t  processes which i n  our case are form factors  a t  

q2 = 0. Amongst the wide sample o f  experimental values o f  the strong 

in te rac t  ion coupl i ng constants, we choose those o f  Kopp and Soding (A) , 
o f  Bugg (B)  and o f  Schierholz ( C) ,  Ref. 12: 

(A) 14.4 3.66 .29 + .O3 

(B) 14.7 2 . 5  I 1. .36 + .O9 
(C)  14.4 4.78 .20 



With these numbers we obta in  

v 
where A '  = sign(h G / g )  1 A I ,  and the constants a and 8 are given by: 

a B 

Clearly the cont r ibut ion o f  the p meson cannot be neglected sinceother- 
S 

wisewe s h o u l d o b t a i n a  v a l u e o f  -0.42 f o r  K t o  becompared w i th  the 

experimental value o f  -0.060. 

The value o f  the piry coupling A, which i s  d i r e c t l y  l inked t o  the p+ny 

decay, i s  not ava i lab le  from experimental data since t h i s  decay mode i s  

la rge ly  dominated by the pn'y mode. However, i n  the vector meson domi- 

nance model, one can r e l a t e  the p%y decay t o  the processes priraand'li+yy. 

Such a ca lcu la t ion  was done by ~ o u r d i n ' ~  w i t h  the resu l t :  

depending on the values used f o r  the p m  and R Y ~ (  couplings. 

If we look careful l y  a t  Eq. (39),  wi th  the numerical values (401, i t  ap- 
S pears tha t  a small e r ro r  i n  A '  would a f f e c t  ser ious ly  the r esu l t  f o r  K . 

It seems thus preferable t o  compute X' from (39) wi th  the wel l  known 
S 

value o f  K . This y ie lds  the fo l low ing  values o f  h ' :  

(A)  X' = .O68 + .O07 



These values d i f f e r  roughly by a fac to r  1.5 from t h o s e  o b t a i n e d  by 

Gourdin i n  the VMD model. The order o f  magnitude i s  the same. 

5. COMMENTS 

A s im i la r  ca lcu la t ion  can i n  p r i nc i p l e  be done f o r  the isovector anoma- 

lous magnetic mment. The model f o r  mL(z) would be given by the Born 

terms ( i nc l  uding the IT exchange) , the w exchange i n  the t-channel and 

the A(1236) exchange i n  the u-channel . However, i f  we want 

resonances i n  the I1stable pa r t i c l e"  approximation w i th  simp 

to rs  and coupling constants, i t  appears that  the A cont r ibu 

tw divergent a behaviour and prevents us t o  determine the 

constants as was done i n  3b). More r e a l i s t i c  models f o r  t h  

t o  t r ea t  the 

e propaga- 

ion y ie lds  

subtract ion 

s contr ibu-  

t i o n  should be used as e.g. the model f o r  the I=3/2, J = 3 / 2  mult ipoles 

i n  the work o f  ~ d l e r '  o r  ~ i j t e b i e r ' ~ .  

The discrepancy o f  our values o f  the pxy coupling w i th  the one obtained 

i n  the VMD model i s  not too serious i n  view o f  the approximations invol- 

ved i n  both calculat ions. A good t es t  f o r  our m d e l  would be the com- 

parison o f  the i m p l i c i t  values we obtain f o r  the isoscalar mul t ipo le  i n  

Section 4 w i th  recent mul t ipo le  analysis o f  the photoproduction process. 

F ina l ly ,  we want t o  mention a s im i la r  ca lcu la t ion by Bluvstein, Cheskov 

and ~ u b o v i k ' ~  fo r  the electromagnetic form factors a t  large values of 

l q 2 / .  I tseems t o  us that  the i ne l as t i c  e f fec ts  which show up i n  the 

use o f  the phase (+V) i nstead of @, (+V) or  8 (+V) , are not taken pro- 

per ly  i n t o  account by these authors. 

Useful discussions w i th  Prof. J. Reignier, D r .  J. B i j t eb i e r  and D r .  

M. Evrard-Musette are g ra te fu l l y  acknowledged. 
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