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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 amplitude
and unsabtracted dispersion relations for it.

The application %f 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 2 - hyperon has been obtained in terms of the
nucleon magnetic moment with the help of the dispersion sum rules method for.

K% - photoproduction on nucleons in papelj 3/.

In the present note the genera.lizatlon/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) —relétions for the coupling constants
we are able to calculate the hyperon magnetic moments in terms of the nucleon

magnetic moment,

.1. The Virtual Photoprioduction of Quasi-Pions on Barvyons.
Consider the quantlf§/4/:
4 - fkx ~ k
Ty = fdx0(xg)e  <pflI, (0.5, (@1p>, (1)

where ja(x) is the divergence of the axial current with the same quantum
numbers as a pion , I, (x) is a vector current component, | p>, |p> are the

states with the initial and final baryons of the mass m,

The quantity (11) 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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The isotopic structure of the amplitude L, has the form:
for photoproduction on N and E
E (v} ) (=)
Lo-th.“+reL°dd+%[re.f,]L . (1.9)
where [ is the isotopic index of the pion;
for photoproduction on H
(42) ,
L, = 8288“‘ Lo g+ %34, 8,p +38, Bil WL+
=) ()
+ K(Bu 8 -84 5,[ W+ e Logg o
where j . k are the isotopic indices of the initial and final % - hyperons;
for photoproduction on A )
(42
Le=38p, L,y - ‘ (1.6)
From the crossing symmetry properties of the amplitude we obtain:
(a,v) (a,v)
] Loga (M= = L (=), (1.79)
(p + pIk
“where v = s k is the photon momentum.

ﬁssume now the high energy. behaviour of the amplitude L, which enables

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

'

L,0) and veL,( v)

This assumptions and the crossing symmetry properties (1.7) yield:

bad (s,V
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‘the transmission N

Singling out the one-particle terms corresponding to = - baryon and baryon

3
isobar ] -5 of the mass M and using the Goldberger-Treiman relation we

obtain:
(v,a)
@ Cpoxs Cn*s Bp*ar x .
B) - _
v oM ,

M%”
gBBﬂ ke

(1.9)
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where C'E‘E - Cm- CE"‘A- 1, Cpen=7

. (v.8)

¢ is the pion mass and the form factors Gn"a _ are defined as in papeljz/.

The value of the coupling constant B N can be obtained from experimen

tal data on the width of the nucleon isobar decay I'= 120 + L5 MeV, Using this

value for g we get from eq. (1.9) the value of the magnetic moment of

N*NT

P +y as follows:

2

2
p(N*t 2 P+ y) = v 1,28 (P)

which coincide with experimental value

2¢y2
n xl’(N"“'-uP +y) = %(1,25 +0,02) p (P) .

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

B*¥ « B + y

netic moments nor magnetic moments of the transitions are known

* experimentally.,

However, the magnetic moment of the transitions B* - B +y . can be con-

nected with the experimentally known magnetic moment p (N*Y 5 P+ y)

with the help of the sU{3) -relations.
|

Theri from eq. (1.9) for the forward scattering we obtain the following values

of the hyperon magnetic moments:

gBBﬂ

We use the values of the ratios o, which are obtained from the dis —
persion sum rules for the forward pion scattering on baryons 2,4/, These sum’ rules

have the f : 3
¢ form 2 M7 +n? g M —fp)

8 4m
T 5 boo- (1.10)
BB.(B” 6M
where: ! K
Cses= Cpp =Coz=l Cond 3
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Now we shall calculate the hyperon magnetic moments from the virtual
photoproduction of the strange mesons on baryons and compare it with the above

resulls,

2, The Virtual Photoproduction of Qwasi-Kaons on_Barvons,

As in the previous section consider the quantity:

- 4 w-ikx ” L] .
T, =[d x 8(x,)e <p |[‘,I-‘ ?l),ia(o)][p> , (1.2)

vhere the divergence of the axial current .j'a (x) has the same quantum number

as a K -meson,
The initial and final states |[p> and [p’> correspond to the baryons the

strangeness quantum number of which differs by unity.‘

Analogously to the previous case we get the sum rules:
00 1 3
_D{ImL(e)‘(v,!.k Ydv = 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 2K +X.

L is of the form:

The isotopic structure of the amplitude 8

(s) 42 )
(2.2)

Lg=rpl  + 8, L + Al ey 1L,

where . p . is the isotopic index of a 3 -hyperon. Again singling out in the sum
rules (2.1) written for the amplitude L(H) the one-particle terms corresponding
to N, =, 5" and using the Goldberger-Treiman relation, we get:
(s '
(= Cses Bxenx .
____xm(MN,,mz.mN),

L,
PLAN(S ) FUIFE " (2.3
gENk

where
L A (2.9)

1
m(B', B, ,Bn)- m(Mlml,ma)sﬁ-(hn’2 -i-Mm2 +T—Tuk+

2
+ Sm' -3mlm2);

#, Is the kaon mass.

[42) : :
The relation for p° (Z) can be obtained in the same way from the’
sum rules (2,1) written for the amplitude L(_) .
(s,v) )
through the magnetic moment of the transition

Express € swy
NetsPiy and g5ey,
tions. Then from the sum rules for

through g ey, with the help of the SU(3) -rela-
p2), 5™ (2) we get:

‘ + T
z = 3,06 =S——
K ) 2m (2.5)

] e
#(2 ) = 1.005-;:

- e
4 = - ,2 — -
p’ (X ) 0,26 To

Now we shall obtain the sum rules for the virtual photoproduction of the XA
on nucleons: :
y+N > K + A.
The isotopic structure of the amplitude has the form: ~
Ly =r1yL: (2.6)
The correspording sum rule gives:
‘ MU, (E AmCon & M(S*, ALK '
B“Auv(N) +3N2k n, )—GE‘ABE‘NK o (Z*, ALK (2.7)
Using the SU(3) —relations between the coupling constants for %. 3 we get- -
from eq, (2.7): a
p’ (A = 1,52 . (2.8)
2m :
. Py .
Rinally consider the virtual photoproduction of KE on 3 -hyperons:
y+3% +» K + R .
The isotopic structure of the amplitude can be written as follows:
’ &) (s) . (=) '
Lyg=28, L +r L +4lry.r L . , (2.9)
(=) (s) -
and L using the SU(3) -rela

Then from the sum rules for the amplitudes L



tions for the coupling constants we get:

p (8 ) =- 0,082
2m

(2.10)

P /

Comparing egs. (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.

The small difference in its values given by two methods of culculations

can be explained in the following manner. g

As is well-known, the sU(3)-relations which we use for the coupling cone
stants are fulﬁlled only appro:umately.

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 glve a very small value for the -u{E®) (in comparision with the SU(3) -
prediction). But at the same time for y.'(E—) one gets a reasonable result. It

can be explained as following.
. (e, v)
The sum rules for K2 -photoproduction on X connect #° (B) with
(8,v)
u” (=) . The coupling constants in this sum rules were estimated with

(a,v)

the help of the SU(3) -relations; u° (Z) 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 gilves rise to some
s , () .
distortion. in the values of oy (2) . Namely, the mcdules of their values

decrease. Apparently, this distortion has a small effect on the difference
(8) [$2) - (=) m 0
g’ B-p” D=x’E ),and at the same time the sum p° (B)+u° A=(E ) becomes
very small because of it '
\ .
In the sum rules (1.9) we can use for the coupling constants the values of

8

B*Brr culculated from the experimental width of the isobar decay. The coupling
constants g,;, can be obtained from the 5U(3) -relations together with the k
experimental value of the nucleon coupling constant gNN"-ls,SS for the value

+ =
D/F =3 . It yields for the X q'bagnetic moment the following value:

+
i )=

e
2my
which is smaller than one given by eqgs. (1.10), (2.5).

We remember that only the magnetic moment of X Is known experimentally,

Our result for it: +
- e
u(Z ) = (319 — 2.78)7;1—;

is In agreement with the experimental value:

+ e
Boap () = (43¢ 1,5) 5=,

P

and it is somewhat higher than the ‘obtalned recen_tly’ 6of experimental data:

+
HE ) = (L5 £ LD

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

to obtain more exact results,

The author is greatly indebted to Academician N,N, Bogolubov for valuable

discussions and suggestions.
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