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Recently many sum ruwes for neutrino reactions, electroproduction and iso-
vector nucleon form factors have been obtained on the basis of current algebra
and unsubtracted dispersion relations for the ampmudes/ 1-5/ .

On the other hand, it has been shown by L.D.Soloviev that the sum rules
corresponding to trivial commutators ( [A,Bl= 0) can be deduced from some as-
sumptions about the high- energy behaviour of the amplitudes and one- dimensio-
nal unsubtracted dispersion relations for lt/ 6/ .

The generalization of this method with the account of U (3)-symmetry
has been applied to derive sum rules for strong lnteractions/ ? .

In this note we would like to show that it is possible to get the sum rule
for electroproduction and the Cabibbo- Radicati relation with the only assumption
about the definite high-energy behaviour of the virtual Isovector amplitude of the
Compton scattering on the proton without any postulated algebra,

These relations have been previously obtained from the nontrivial commuta-
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Consider the amplitude
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()
where j u are the isovector components of vector current density; P, and
P, are the initlal and final proton momenta, p:=p:=ld’ . a, .
and 9,P,"P,+q, are the photon momenta,

In the following we put:

The amplitude T“,, has the form:

T mie N TGy . (2)



The quantity M can be expanded with the account of time reversal and

By
gauge invariance as fo].lows/ 5/

Bty 12 (+,-) 2.0
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($D]
where the gauge invariant quantities 1 are defined as in ref./ 5/ . We need on-

ly the second one H,,. The corresponding invariant 1 (2 has the form:

N M
](z)=[‘z'P"'(q—;’.‘q";)' ql"z][‘l'P-T‘;.q_g)qz"l] ’

(4)

where 6'1‘ ,,;’ are photon polarization vectors and
,°P q,P
V= M = ¥ A
2 P, +
t=(q,-q,) ) P =—‘2—p3- .

The optical theorem reads:
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where LI Is the total cross section for the virtual photoproduction on the
proton,
After averaging over spin indices and summing over photon polarization we

obtain from eq.(5)
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e2M2(p2-q2)%

where a, =0 for q%?=0 .

From the crossing symmetry of the T amplitude we get the following

properties:



Re T UM kv) = Re H((—z.)+t_v) ,

(2)
(7)
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Consider now the difference of the virtual and real forward amplitudes He,y,

(+. -
(2) (qu )EH(’) (V:qz t'o)-H‘(:') )(thz-o,t-o) . (8)

We assume that the function Qi:;-)(v,qz) for small |q?| has the high-
energy behaviour which enables us write down the unsubtracted dispersion rela~

. (+,~) d+ -} L.
tions both for @, (v) and v.®7(v) in the variable v -

From this assumption and crossing relations (7) it follows that:

fl&n Q(“ lv,q )dv—flm [‘D“) (v,q ) - (“ (v,q Ndv=0 .

The difference of the amplitudes in eq.(9) can be expressed through the ampli-

tides  HY3) and  H(}) with the total isotopic spin 1=+ and 1-4

[
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Hi,y =Hegy =3lH,-H,] . (10)

Separating the one-particle contrlbution/ 5/ in eq.(9) and using the optical theo-
rem (6) and the relation (10) we get
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x| It is worth noting that just the same assumption for the amplitude H (v)
leads to contradlctxon.



where FY a(q’) are the/ isovector electric and magnetic form factors of the
nucleon, respectively, 0: : . 0’,/’ are the total cross sections for the isovec-
tor photoproduction on protons of the l--;- and l--g states, K is the

pion mass,

From eq. (11) It follows:
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The sum rule (9) then takes on the form:
2 o
_;;th[ﬂ((:', )(V.q 't-o) H(g, tv.q’.t-o)] dv=1 . (13)
]

This is the same rule which has been previously obtained from the current
algebra. Substituting expression (11) into eq. (13) we obtain the sum rule for
electroproductio] 4.5/
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where - ...('_+#I)"_' .

Now we take the derivative of eq.(14) with respect to q2 and put q2=0 .
We use the definition of mean square isovector nucleon radius:

v 2
dFy (¢ )
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and the normalization éondltions:



Fr(0)=1 o FJ(0)=p’(p)~pln) ,

“where #'(p) and p(n) are the anomalous magnetic moments of the proton
and neutron’respectlvely. Then we get the well-known Cablbbo- Radicati rela~

tlon/ 2
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Note that the Cabibbo-Radicati relatlon can be also obtained from the as-
sumption about the unsubtracted dispersion relatlons both for the quantities

OH( (v, q?,t=0) 3H“)(v q?, t=0)
—_— v —2t

|
alq?1 q¢?=0 and alq " q2=0

In fact, in this case we have the sum rule

- (+,-) 2
Tim OH) (g ,u,t=0) | 4o . (16)
o’ a[qZ] q2=°

Using expression ( 11) we Immediately obtain relation (15) from eq. (16), The
sum rule (16) can also be cast into the form

2
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where C(q') Is an arbitrary function, provided

€@ |,
dlg?]  q2=0

Coniparing now eqs. (17) and (13) we see that the sum rule (13) is a special
case of the sum rule (17) with C(q®)=1 Thus, the sum rule (16) or (17)
and ccnsequently the Cablbbo-Radicati relation has no direct connection with
current algebra. The same method can be applied to derive the sum rules from
the other invariant amplitudes,

In conclusion we wish to stress that the validity of the sum rule for elec-
troproduction and the Cabibbo- Radicati relation depends only on the validity of as-
sumed asymptotic behaviour and thus unsubtracted dispersion relation for the



amplitudes, This approach, in principle, allows us to understand which of thi sum
rules previously obtained from current algebra actually do not require the validity

of the current algebra.

The authors are deeply Indebted to Acad. N,N,Bogolubov, Prof. A.N,Tavkhe-

lidze, S.B.Gerasimov, R.M.Muradyan for useful discussions. One of the authors
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