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Recently a new method has been suggested by L,D, Soloviev to derive the 

sum rules from the assumption about the high- energy behaviour of the a!llplitude 

and unsabtracted dispersion relations for it. 

The application "of this method to the pion virtual photoproduction permits to 

derive some relations connecting the baryon magnetic moments with the isobar 

magnetic moments, These relations are in agreement with the SU (6) -predictions. 

The magnetic moment of a I - hyperon has been obtained in terms of the 

nucleon magnetic moment with the help of the dispersion sum rules method for. 

KI - phqtoproduction on nucleons in papej3/. 

In the present note the generalization/
4

/ of the above method is applied to 

the process of the virtual photoproduction of the strange and non-strange quasi-

mesons on baryons, Making use of the SU (3) -relations for the coupling constants 

we are able to calculate the hyperon magnetic moments in terms of the nucleon 

magnetic moment, 

1. The Virtual Photop·r·oduction of Quasi-Pions on Baryons. 

Consider the quantit)
4
/: 

• -tkx • 
Til• fd x8(x 0 )e <p'j[J,.(x),ja(O)]jp> (1.1) 

-where i a (x) is the divergence of the axial current with the same quantum 

numbers as a pion • Jll ( x) is a vector current component, I p > , I p '> are the 

states with the initial and final baryon;; of the mass m. 

The quantity (i.1) has all the transformation properties of the amplitude of 

the pion virtual photoproduction on baryons. Therefore it can be expanded in the 

six gauge-invariant structure as follows: 
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R2.1 • (p ±. p')(k •yl -y(( p ± p') • k) 

a,-<r·kly-y(y•kl 

Ra • 
, ~ ( , 

<,P - p )k - k p - p ) • k 

R 
8 

• - I( y • k) R 4 

'I'he isotopic structure of the amplitude La 

for photoproduction on N and E 

has the form: 

(v) (o) (-) 

La ·8 fa Lodd +rf Lodd+~[rf •'alL 

where is the isotopic index of the pion; 

for photoproduction on l:: 

(v) 

La· Bea 8 lkL•dd+~< 8 aJ 8 te + 8 ak 8,elL'+ 

(-) (a) 

+ ~<B aJ 1\e - 8at 8,e lL + ltitf L•dd 

where j • k are .the isotopic indices of the initial and final 

for photoproductlon on A 

(v) 

L 8 • 8 fa L odd 

( 1.3) 

(1.4) 

l: - hyperons; 

(1,6) 

From the crossing symmetry properties of the amplitude we obtain: 

(a,v) (a,'Y) 

L odd ( tJ) • - L odd ( -v) ' (1.7) 

'where 
(p + p'lk 

k is the photon momentum. v - 2m 

Assume now the high energy behaviour of the amplitud,e La which enables 

us to write down the unsubtracted dispersion relations both for the quantities 

L
8

(v) and v•L 8 ( v) 

'I'his assumptions an::f the crossing symmetry properties (1. 7) yield: 

(o,V) ~ 

f ImL dd (v,t,k )dv• 0. 
0 • 

(1.8) 
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Singling out the one-particle terms correspon::fing to a baryon an::f baryon 

isobar J - -} of the mass M and using the Goldberger-'I'reiman relation we 

obtain: 
(v,o) 

CB*B GB*B gs*srr 

S
8817

Mll:,.,(B) -
6M 

2 ma m 2 
X [2m + Mm + M - M tJ - 3t] • 0, 

where C • C...,... • c~*A • 1 • a*E .. -~ .w 

4 
CN*N• 3 

X 

(1.9) 

t' is the pion mass and the form factors 
(v.a) 

GB'B are defined as in papej
2

/. 

'I'he value of the coupling constant g N'Nrr can be obtained from experimen 

tal data on the width of the nucieon isobar decay I'• 120 + 1.5 MeV. Using this 

value for g N*Nrr we get from eq, (1.9) the value of the magnetic moment of 
•+ 

the transmission N -+P + y as follows: 

2·./2 
tJ(N*+ -+ P + y) • -.- l,28tJ(P) 

which coincide with experimental value 

2'1/2 
/.1 

0
,.,(N* + ... p +yl • -

3
-(1,25 ±0,02)tJ(P). 

As the other sum rules (1.9) it is necessary to remark that neither hyperon mag-

netic moments nor magnetic moments of the transitions 

experimentally. 

B* -+ B + y 

However, th~ magnetic moment of the transitions B* -+ B + Y 

are ,known 

can be con-

nected with the experimentally known magnetic moment tJ(N*+-+P+y) 

with the help of the SU(3) -relations. 

'I'heri from eq. (1.9) for the forward scattering we obtain the following Values 

of the hyperon magnetic momentsx/: 
x/ gBBI7 . 

We use the values of the ratios -g-.- which are obtaiped from the dis-
persion sum rules for the forward pion scgtt~'ring on baryons/2,4 /. ;J'hese sum' rule~ 
have the form: 2 2 1 .2 2 

g , 2 (M +m -tJ JlM-ml-tJ] 

where: 

BBI7 2 ~m ( ) 
(--) = c * 1-3-- 2 J; 1.10 

gB'Brr B B 6M 

I 

c l:*l: D cl:*A - c ?'3 a 1. 
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JL ( ::E +) • 3,19 _e_ 
2 m

0 

I' (l:
0

) = 1,20 _e_ 
2m 0 

vp'(l;-) • 0 

o e 
p(E! ) --2,66-2-m. 
p<E > • o 

p'(I
0 

A) • 1,82-e-. 
2 m

0 

Now we shall calculate the hyperon magnetic moments from the virtual 

photoproduction of the strange mesons on baryons and compare it with the above 

results. 

2. The Virtual Photoproduction of <f?uasi-Kaons on Baryons, 

As in the previous section consider the quantity: 

4 
-lkx ., 

Tl' =fd x 8(x0 )e <p'i[J I' (x},ja(O)Jip >, (1.1) 

where the divergence of the axial current j ( x) 
a 

has the same quantum number 

as a K -meson. 

The initial and final states IP> and lp'> correspond to the baryons the 

strangeness quantum number of which differs by unity. 

Analogously to the previous case we get the sum rules: 

I 2 
_£ImL(6) (v,t,k )dv • 0. (2.1) 

We can not impose the restrictions of the crossing- symmetry on the ampli­

tude in eq ( 2.1) because the strangeness of the initial baryon· changes in the 

photoproduction of the strange mesons. 

Consider the virtual photoproduction of K -mesons on nucleons: 

y+N ->K+I. 

The isotopic structure of the amplitude L 6 is of the form: 

<•> 
L 6 • r p L 

(Y) 

+ 8 L 8p 

(-) 

+ ~[rp ,r8 ]L (2.2) 

where p is the isotopic index of a I -hyperon. Again singling out in the sum 

rules (2.1) vvritten for the amplitude L <•> the one-particle terms corresponding 

to N, ::E, ::E* and using the Goldberger-Treiman relation, we get: 
(s) 

<•> <•> G ::E*::E g I*NK 
p' (I)+ I'' (N) - X m ( MN* • m I . m N ) • (2.3) 

g l:Nk 
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• 

where 
a 

1 2 m2 m2 2 
m (B*. Bl ,B2)- )It (MI m I'm 2) 31 6M(2m2 +Mm2 + M-T"k + (2.4) 

2 
+am, -3m 1m2); 

JL k is the kaon mass. 
(T) 

The relation for JL ' ( I ) can be obtained in the same way from the 

( 
(-) 

sum rules 2.1) written for the amplitude L 

(a,T). 
Express G I*I through the magnetic moment of the transition 

N*+ .. P+y and gi*NK through 

tions. Then from the sum rules for 

8 N*Ntr 
JL.(T)(IJ, 

with the help of the SU (3) -rela­

JL ,(•) (I) we get: 

JL(I+> - 3,06 _s:__ 
2m

0 

p(I0
) • 1,00 _e_ 

2m P 

JL' (I-)=- 0,26 _e_ 
2m

0 

(2.5) 

Now we shall obtain the sum rules for the virtual photoproduction of the KA 

on nucleons: 
y+N .. K+A. 

The isotopic structure of the amplitude has the form: 

Le••aL. 

The corresponding sum rule gives: 

(Y) 

gnkA JL'v(N) + g NikM'~&~(I Al-GI*Agi*NI!:: •lll(I*,A,K). 

Using the SU(3) -relations between the coupling constants for ~- 3 

from eq. (2.7): 

11' <I Al • 1,52-e-. 
2m

0 

(2.6) 

(2.7) 

we get 

(2.8). 

Finally consider the virtual photoproduction of KE! on ::E -hyperons: 

y+I .. K+E!. 

The isotopic structure of the amplitude can be written as follows: 

(v) (o) (-) ( 
L

6 
= 8

18 
L +r

8 
L + H[r

8 
,r

1 
]L • 2.9) 

(-) <•> 
Then from the sum rules for the amplitudes L and L using the SU(3) -rela 
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tions for the coupling constants we get: 

,..·<a •- 0,08-e-
2mp (2.10) 

Comparing eqs, (2.5), (2,8), (2.10) with eq. (1.10) we see that close results are 

obtained for the magnetic moments of the hyperons in the both cases. 

'I'he small difference in its values given by two methods of culculations 

can be explained in the following manner. • 

As is well-known, the SU(3)-relations which we use for the coupling con­

stants are fulfilled only approximately. 

Note, that all values of the hyperon magnetic moments obtained here do 

not contradict the SU(3) -predictions for them. 

Remark also that the sum rules for the photoproduction of the K -mesons 

on I give a very small Value for the - ll< E!
0
l (in comparision with the SU(S) -

prediction). But at the same time for ,... ( :S ) 

can be explained as following. 

one gets a reasonable result. It 

<•.•> 
'l'he sum rules for KE! -photoproductlon on I connect ,..· <E!l with 

(a,y) 
,... <I l 'l'he coupling constants in this sum rules were estimated with 

(a,Y) ' 

the help of the SU (3) -relations; ll' ( Il are obtained from the SU (3 )-relations 

for the coupling constants too. As a result, an inaccuracy in the estimation of the 

coupling constants due to the use of the SU(3)-relations gives rise to some 

distortion. in the values of '(a,y) !:S) ,.. • Namely, the mc.dules of their values 

decrease. Apparently, this distortion has a small effect on the difference 
(a) (v) - (a) (y) 0 ,... <9-,..· <E!)"''''(E! ) ,and at the same time the sum ,..· !:Sl + ,... (E!)"''''(:S ) becomes 

very_ small because of it. 

In the sum rules (1.9) we can use for the coupling constants the values of 

g n*BIT culculated from the experimental width of the isobar decay. 'l'he coupli'ng 

constants g BBIT can be obtained from· the SU (3) -relations together with the 

experimental value of the nucleon ,coupling constant g II NIT • 13,55 for the value 
+ I -

D/F • 3 • It yields for the I rpagnetic moment the following value: 

+ 
,..<I l 2,78 _e_ 

2mp 

which is smaller than one given by eqs. (1.10), (2,5). 

VVe remember that only the magnetic moment of I is known experimentally, 

Our result for it: 
+ e 

,.. <I l • (3,19 - 2,78!-2 -
mp 

8 

is in agreement with the experimental value: 

+ e 
,.. • ., <I l • (4,3 t 1,5)-;;;;-, 

p 

and it is somewhat higher than the 'obtained recenU/
6

/ experimental data: 

+ e ,.. <I ) D (1,5 + 1,1)--. 
exP - 2mp 

An inaccuracy connected with the use of the SU(3)-relations does not allow us 

to obtain more exact results, 

'l'he author Is greatly indebted to Academician N.N. Bogolubav for valuable 

discussions and suggestions. 
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