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A great deal of attention has been paid recemtly to the dispersion
sum rules which are based on superconverg,enceT 10-13/ and on the

| 15~ 16/

legge pole hypothesis « We discuss here some problens concern-

1g applications of these sum rules.

‘erivation of Dispersion Sum Rules

The derivation of these rules is very simple, For the amplitude
(v) which is analytic in the v -plane with a cut along the real axis,
we can apply the Cauchy theorem with the contour going in the upper
half-plane along the real axis and along the semi-circle C, of a big
radius A ( Fig. 1)

A
FE(v)dy + [f(v)dy =0 (1)
lo}
A

If for large v the amplitude f(v) decreases rapidly enough ( for
instance, as v~} 12" v, a< -1, or quicker) so that the integral over C A
tends to zero as A+ =, then we obtain a sSuperconvergence sum rule,
the imaginary part of which (more convenient for applications) is of the

form

)

Jf Imf(v)dv=o.

- (2)






A number of interesting papers are devoted to the discussion of these

relations/ 26_34/,

in particular, their connection with perturbation theoryj 32./
I only note that the superconvergence relations are in general incompatible
with finite order perturbation theory.

The superconvergence sum rules allow generalizations not only on
the account of the information about the high-energy behaviour of the amp-
litude as it is in the Regge sum rules (3). If we know in a certain region
the real part of the amplitude, then by multiplying the amplitude f{v) by

properly chosen function ¥®) which is analytic in the VY -plane with

cuts along the real axis and which decreases at infinity we obtain a sum
[ 16/

rule

[Im(fy)dy =0

e (6)
which relates the real and imaginary parts of f(v) or a sum rule only
for the real part. The sum rules of such a type are treated in a number

[ 35-39,18/

of papers .
If the amplitude is known at a certain point, e.g.,, the Compton scat-
/3/, then one_can take Y(W=rv ' and ob-

tering amplitude at threshold
1’4’5’407. Relations of this type

tain sum rules for the Compton scattering
include the sum rules for the scattering lengths, which are known from
the_very beginning of the dispersion relation theoxy[ 1’27, Adler - Weisber-

ge 7T relations and other sum rules obtained by algebra of currentsfﬁf,

/41[ or assumptions about scattering leneths/ 42’1307-and
] 124/

guark model

other relations . Mention should also be made of the_sum rules for

amplitudes at a fixed angler14/ and for partial amplitudes/ 43/..

Superconvergence Relations

The superconvergence sum rules have been known long ago and
were first used in a paper by Logunov and Solovievj 9 to demonstrate
a co-existence of two sets of dispersion relations for virtual photoproduc—
tion which correspond to two different expansions of the amplitude into

[8,9] . Note that recently De Alfaro, Fubini, Furlan and Rosetti/ 44/

invariants
made use of superconvergence relation in a similar way to show the
co-existence of the linear and quadratic mass formulae for bayons fol-

lowing from current algebra,



of 1965 N.N.Bogolubov, when analvsing interesting
tic moments obtained by Fubini, Furlan and Roset-
> algebra of currents, noticed that they can be ob-
yne—- dimensional dispersion relations without any com-
he pointed to a possibility of using for this purpose
C;ompton scattering, The superconvergence sum rules
0

were also used for this purpose, After that the

111] | e Halian

‘baryon scattering were considered
and Segre7 127, and De Alfaro, Fubini, Furlan and
the superconvergence sum rules starting from the

113/

. criterion for choosing superconvergent amplitudes.

The latter authors proposed to use the Regge
superconvergence relations is due to the fact that,
rroximation, they give relations between the coupling
and resonances which are similar to higher symmetry
s that the superconvergence relations by themselves
ation (they are present both in the Lee modeI/ 45]
ry/ 47,46/ }. They are a simple auxiliary tool allowing
ssumptions which, on the one hand, lead to symmetry
other - permit, generally speaking, a straightforward
Thus, they make it possible to relate different facts
tion dynamics, and if combined with' experiment, as
models, these relations may shed some light on the
1l symmetries,
»ximation in superconvergence relations consists in
esonance background. We known that the contribu-
nances decrease when their masses grow because
nentially goes to zero, Therefore tl’lle saturation of
wryon resonances can be checked by a direct cal-
r meson resonances it is still impossible to do even
sonances there is also a non-resonance background.
all for superconvergent amplitudes as to give a neg-
ter integrating over a large interval, say, from 1 GeV

ely, we do not know a direct answer to this question









of reggeons in the t ~channel but according to some property of the
amplitudes in the direct channel, Namely, it was assumed that all the am~
plitudes B , into which the unitary singlets in the direct channel give
no contribution, could be superconvergent. The simplest octet-decuplet
approximation in the sum rules then led to relations between meson-
baryon coupling constants corresponding to d/f= 3 and to a rather ac-
curate relation between the pion—nucleon coupling constant and the width
of the 33-resonance, The earlier determinations of the KNA and KNI

/78

this ratio corresponds to a quark model in which the axial current is not

coupling constants / did not contradict the ratio d/f = 3 (by the way,

additive in quarks and has the structure of the anomalous magnetic mo-

/78,126/

ment/73/) But the recent analysis of Kim seems to give g2 =

=16,0+2.5 and g o~ O. 3+O 5. These numbers agree quite well w1thr :l:e
SU (6) value d/f- 3/2 and definitely contradict d/f = 3. This result ,
if confirmed, means that the direct channel criterion for superconvergence
is in general not correct. Nevertheless, it gives_a good result for pion

4
nucleon scaftering, It is easy to see 781 11,50-54/

that the reason for this
good result is the following (1) the contributions of the nucleon and the
33 resormance in the sum rule compensate each other, (ii) the contributions
from all known higer resonances enter the sum rule with alternating signs
and compensate one another, (iii) consequently, the contributions of the
Regge asymptotics in eq. (3) and the middle-energy background also com-

pensaté each other (see Fig. 3 for a schematic behaviour of Im g'"’

for
pion-nucleon scattering). We see, that a symmetry of low-lying states can
correspond to the mutual compensation of the contributions of higher

states na only in the superconvergence sum rules but also in the Reg-

J5sT

then it turns out that for pion-nucleon scattering the background contribu-~

ge sum rules for non-superconvergent amplitudes.

If for the Regge term in eq. (3) use is made of the available data

tion up to 5 GeV (or less) is of the same order as the contribution of the
nucleon or the 33 resonance, This means that taking into account the
Regge term in eq. (3) for the amplitude ‘") of pion-nucleon scattering
we cannot restrict ourselves to the resonance approximation in_ the integ-

ral of this sum rule as it has been demonstrated in ref5756’577.



> compensation of the background and Regge
this amplitude has led some authors’50-537
a compensation always takes place, i.e, the
ributions is always equal to zero, One can
ion of higher resonance contributions (partly,
s are known now) for nA and 73 scat-
e seen above the total compensation of all-
contributions in both amplitudes for #¥ scat-
imultaneously. Moreover, this compensation
in properties of amplitudes, For instance, it

+ +
-ules for the amplitude vAT y y2 gt or

/57

on of higher state contributions depends on

nucleon scattering

of the amplitudes, It would be interesting to

npensation is accidental or not,

aryon and Meson-Meson Constants

se constants can be obtained from the sum
annihilation into two mesons. However, we
'r meson resonances., Besides, the coupling
ces, say p with nucleon, are known only
ceable errors which are essential in the sum
sives a large contribution to the sum rule for
ue to a greater extent for the coupling cons-
aryons.
ihilation processes were first considered by
d/f ratio for vector meson-baryon coupling
for the coupling constants of p meson with
es with available data,
ese processes is determined by the barvon

/59,

nkelstein / have noticed that although the
zon annihilation which corresponds to the ex-

eon is not superconvergent, nonetheless, in

10



e Regge sum rule (3) the Regge term for it vanishes due to the posi-
e signature of this reggeon and we have a superconvergence sum rule
h the Cauchy principal value of the integral at infinity, This is a par—
ular case of the asymptotic crossing symmetry for annihilation proces-
s, The integral term of this sum rule is not identically zero since the
-.Jssing symmetry is only asymptotic, It is possible to admit that the con-
tribution of non-resonance background affected by the Regge asymptotics,
is also considerably weaken in this integral, This makes it possible to
consider the integral in the resonance approximation, The sum rule for
the amplitude B gives a good relation between p meson couplingl
constants, The sum rule for the amplitude A points to an appreciable
contribution of the rr -~interaction In the § wave, The sum rules for
the annjhilation amplitude B of different baryons were treated in detail
by Dass arnd Michae1/51/ with the account of all known baryon resonances,
The sum rules for nucleon are well fulfilled and allow to estimate the
p -nucleon coupling constant.
For the X -hyperon, however, more accurate estimates seem to be
necessary. The authors interpret the obtained result as due to a large

contribution from 73X -scattering with isospin 2,

Electromagnetic Constants of Baryons

Relations between the magnetic moments and radiative decay cons-
tants of baryons are obtained from the sum rules for meson photoproduc-
tion on baryons if the meson-baryon constants are known, or - dlrectly,
from the sum rules for Compton scattering.

The photoproduction processes were treated in the above-mentioned
papers by the Dubna authorsyllﬂzf and in a paper by Pisarenk07827. In
these papers, those sum rules were chosen which are known from the
low-energy vdispersion theory ard correspord to the unsubtracted dispersion
relations for virtual photoproduction o .

It should be noted that if small longitudinal multipoles and the meson

mass are neglected then these sum rules go over into the sum rules of

Fubini, Furlan and Rosettifﬁ[ obtained with the help of the current algebra.

11



Considering only those channels to which the unttary singlets do
not contribute and leaving the barvon octet and decuplet in the interme-
diate states, the authors of ref./11'72/ have obtained relations between
the anomalous magnetic moments of baryons and the magnetic moments
of the radiative decays of resonances, which are close numerically to the

SU (6) results 82/, and a relation between anomalous magnetic moments
of baryons u'd /p" = 3 (or u’p +p o= O}. An account of the next nucleon

6’837. They agree with the

J11,80/

resonance does not change these results
available experimental data on hucleon-33-resonance constants
the derivation of these results use was made of the meson-baryon cons-
tants correspording to d/ f = 3, However, as ‘Aznauryanhg’ has shown,
these results are practically independent of the meson-baryon constants.,
This follows from the consideration (in the same resonance approximation)

14,5,4
of the sum rules for the Compton scattering/4’ 140/ (sometimes called the

Gerasimov-Drell-Hern sum rules)

dy

v

(o, =0,), (2)

-
I‘IO

where p’ and § are the anomalous magnetic moment and spin of the
particle, and % A is the total cross section for the interaction of this
particle and the photon with parallel (antiparallel) spins. In doing this, as
earlier, the channel with the unitary singlets was not considered, If this channel is
taken into account in the Compton scattering or photoproduction, then,as Pa157 84/
and Cini, De Maria and TaglienJ 85/ noticed, we can obtain a non- trivial solution
for the constants, only if we take into consideration the unitary singlet resonances,
These authors introduced the notion of the minimum( in the unitary spin) set of
states which should be taken into account in the sumrules to get a non- trivial solu-

solution, 1In this case this set consists of an octet, decuplet and a singlet.

86/

Beg and Pais have analysed this notion in application to the

generalization of the sum rules (7) to the isovector ard isoscalar photons,
. 87

obtained by Beg/ ,/ and to the sum rules for photoproduction. We'll come

back to the sum rules (7) and try to clear up whether it is possible in

them to restrict ourselves to the singlet, lowest octet and lowest decuplet,

12



neglecting higher octets and decuplets. We have seen that the mutual com-
pensation of higher resonances may be essential. At present we know
very little about electromagnetic constants of higher resonances. However,
in the given case it is possible to establish the sign of the contribution
of each resonance to the sum rule (7), assuming that in the radiative de-
cays of the baryon resonances the photons with mimimum possible mo-
mentum are predominant. The available data on three nucleon resonances
do not contradict this assumptionzes]
Then it turns out that both the octet and decuplet higher resonances
enter the sum rules (7) with alternating sings and may mutually weaken
each other. In this case the considered minimum set may prove to be
good. Since the account of one lowest singlet A (1405) does not suf-
fice (it gives a negative contribution to the sum rule (?), while in the sum
rule for photoproduction it would correspord to a great width of the decay
A (1405)— Ay) we take into account the next candidate for the siglet
assignement A (1520). Higher singlets are probably negligible due to
elasticity, This allows to estimate the decay widths T ( A (1405) » Yy)=~1%
and T ( A (1520)— Yy ) = 10% (in per cent to the total widht), The
second width turns out to be rather appreciable. Obviously, this result is
essentially a working hypothesis, because we are not at all sure that
A (1520) is a pure singlet.

The superconvergence relations for photoproduction based on the

Regge pole model have been treated in many papers761’68’69’89_93T. The

process NN + gy has been considered in ref.]94/. There are much
more relations for photoproduction than for scattering and the situation
here is at present rather complicated., A number of relations in the octet-
decuplet approximation yields results in agreement with symmetry and
experiment, At the same time 6 out of 7 relations corresponding to the
exchange by 10,10 and 27 multiplets in the t channel turn out to be
contradictory, It would be interesting to consider unitary singlets in these
relations. On the other hard, these results as well as those of Pisaren-
ko795], who treated the saturation of the sum rules by the 33-resonance
for all the amplitudes of the virtual photoproduction, are likely to point
out that in this approach not only the superconvergence but also higher

resonances affect noticeably the symmetry of lower resonances.

13






(1)
symmetry, then at high energies f” =2t'Y  and therefore the difference
g0 m mK
nn
p arnd K* -mesons yields a relation between their widths which

2 f’(,lx’ satisfies the superconvergence relation. Its saturation by

takes into account their masse difference and agrees with experiment,
The quark model or the Regge pole model with a symmetry give many

relations between the amplitudes of different processes at high energies

15—
which are given e.,g, in refs./ ].167. This approach is developed in a

17/

paper of Kadyshevsky, Mir-Kasimov and Tavkhelidze’ . It seems most
attractive to apply the asymptotic symnetries to the Green functions and
form-factors, because they have only one variable what makes the matters

17/

propagater functions (i.e. to the Fourier - transforms of <0] T(j*j )]0 >)

much simpler. Dass, Mathur and Okubo applied this approach to the
arnd <01T(iviv) 1 0>) for the vector and axial currents, assuming that at
infinity these functions obey the symmetry SU(2) x SU(2), and obtained
the Weinberg sum rules for the spectral densities. Owing to the conser-
vation laws only the states with unit spin and isospin give contribution
to the intermediate states in these sum rules. One can expect, therefore,

that these sum rules are well saturated by lower resonances p ard Al .

The use of the p -meson approximation in the formfactor of the
ﬂg decay along with the data on the widths of the p+77 and 7o,
8 /118/

decays leads to the well-known Weinberg relation for the A, -meson

mass m, =y2m_.
! P 117
leads to an estimate for the mass of the strange axial-vector K, -

meson to be 1311 MeV, wha.t is close to the mass 1313 + MeV of the

In the same way the asymptotic symmetry SU(3) x SU(3)

observed Krr resonance. Knowing only the masses of K,,A, and p -

/119

mesons it is possible to obtain a ratio of the constants for the Kp2

ard n ?s decay to be F K/F"= 1.17, in agreement with experiment.

Finally, as Pandit71207

has shown, the application of the asymptotic SU (3)—
symmetry to the form-factors of the o, and K‘; 3 decays gives a super-
convergence relation, whose saturation_by p ard K* _-meson gives for
3 —
the K, decay constant F+(0) == mp /42 mi*
However, the assumption about saturation here seems to be not so

fortunate,

15
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