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the experimental d га on backward 5̂ * and SEfphotoproducfcion at

E~> 350 MeV bring to the necessity of taking into account these

contributions and cannot be described by saeaas of isotensor elec-

tromagnetic current.

The consideration of the high energy contributions allows

to describe the experimental data on ^p —»ЛЗГ* and Т а • £ Px"~

in the energy interval from the threshold up to 400-450 Me? (see

Figs. 1-4). Some discrepancy remains at 9*90° and E ŝs 350 ife¥.

If the experimental data / 2 , 3 / are correct, then this discrepancy

leads to a lower estimate on the isotensor contribution «^(7-10) ?fc

of isovector resonance amplitude.

The consideration of high energy contributions also a l -

loys to describe the energy dependence of the 3* and 3T~ photo-

prod-action cross section difference in the &. (1236) resonance re-

gion, the structure of which serred as a basis for the introduction

of isctensor electromagnetic current /?/.

2. Formulation of the Froblea and the Method of Solution

Let us write the isotopic structure of the a^lxtude for

Д& pion photoproduction on nucleone taking iato account the i so-

tensor electromagnetic current in the for»:

where

( 2 )
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are the isotopic етеп and iaotopic odd isovector amplitudes, the

amplitudes Л and Л * correspond to the transition into a final

state with7= j and ^ , ff and H are the isoscalar and isoten

aor amplitudes, respectively.

The pion photoproductieii amplitudes are of the following

form:

-»-p»r)-ef (н
ш
- f H

W
) - H

W
J ,

The ̂ «11 kaoxn solutions of d.r. /4-6/ describe well

the data on the reactions Yp-*px° and Тр-*/г:г* and fail for' the

reactions Yflji рж~ /1-3/•

In /II/ it has been shown that this brings to a disere-

pascy between the d,r. predictions and the experiment £or a iarg

isoYector phofcoĵ taMic&ion amplitude M • .s «bicb with s. good ae~

curacy describes the sum of differential GS?OSS ssctlone for tas

reactions To-*n,X* and;:ififi-*'px~ .(Figs. 1-4)s

The account of isoscalar and isovector asplitudes can

only someirtiati raise the curves in Figs с 1-4. *Ье contribution of
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isoscalar amplitude HfO>to the sum of the cross sections £ at

larg* angles becomes noticeable at ET*420 Me? and higher energies.

This contribution le taken into account for the curce shorn in

Pig. ^ and at 0» 180 i s (Ю-15) %•

Prom the figures i s seen that at resonance t& t« 350 Me¥)

and higher energies there i s a sharp discrepancy betveea fcHe d .r .

predictions at large angles and the experiment: the curves obtained

by aeans of d.r. l i e significantly higher than the experimental

points.
It i s convenient to carry o u t the analysis and the removal

of discrepancy between d.r. and the experiment not by means of the

reactions but by the isotopic amplitudes:

a) To remove the discrepancy i* the isovector amplitude

an analysis of the uncertainty in the d.r. solution for the ampli-

tude H ~>ijas been carried out. I t has been show» that the discre-

pancy between d.r. and the experiment Is connected mainly with the

high energy contributions to the dispersion integrals . I t has been

also shown that the change of the isoveetor resonance aalt ipoles

M>,+ and £>+ connected with the introduction of an isetSBScr e lec-

tromagnetic current cannot remove the main features of the discre-

pancy between d.r. and the experiment in the amplitude "H -

b) The high energy contributions to the i.soscaiar a»pli-

tude H allow to choose i t in such a''manner that EO discrepancy

between the predictions of d.r. and the data for the reaction
+ would arise .

3. 11 e Role of Isotensor Electromagnetic Current in the

Removal of Discrepancy between D.E. acd experiment

Vie shall sHo^that the introduction of isotecaor resonant

' • ' - б - . - : • , , ' • ' , • : ' • • • . • ; ' • ' • • • • • • • - ' . ' •



muitipoles rLf* and t.p. cannot remove the main features of discre-

pancy between the d.r. predictions and experiment /1-3/.

The isotensor terms enter into the resonant multiplies
 t

e.g. into M
( + ?

in the following way:

The suas H
f
 +

 +
 rf̂ + and t^+ + C ^ are fixed by the

data on the reaction Та-*ax* having near the resonance a low

background froa the remained Hultipoles. therefore any attsspt to

remove the discrepancy in X by the change of isovector multipoles

№*+ and C
t+
, brings inevitably to the introduction of xsotensor

resonant aultipoles.

_ ^ ^ and L+ mainly af-

fects the contribution of the imaginary part »f l-f'̂ in ^ , which

is illustrated by the curves I in Figs 3 and 4. The influence of

these multlpoles on the contribution of the real part of И in. X

through the dispersion integrals is less essential, bet us note

that the contribution of the real part of M in Щ increases

slightly with decreasing the contribution of the imaginary part

of H " in J due to the charge of the miltipoles M*+ and E^ .

Tbe curves II in Fig. 3 illustrate the behaviour of the

discrepancy between d.r. and experiment at fc
T
= 35O*«v.It is seen

that the chan
k
 of tbe «iltipoles M\ and E \. , i.s. the in-

troduction of the isotensor resonant aultipoles cannot remove the

aain features of the discrepancy between d.r. predictions and ex-

- 7 -



iEent т>,either by the biefaaidour of the angular dependence nor ay

the aagnitude at E7»35O MeV and 0*180°.

It is important to note that the contribution of the ima-

ginary part of И in X sear the resonance is determined only

by the resonant laultipoies H ^ and ifĉ j- and weakly depends on

other sultipoles. Therefore, with an accuracy та to &be isotensor

raultipoles rjjt+ and fc.j^- , tbis contriirauioii i s fixed by the *a-

lue of the differential cross section of the reaction Ур-»раг*

and is independent of the uncertainties in the d.r. soluticm- The

uncertainties in tne &.r* solutions say affect the d.r . predic-

tions for X only through the contribution of the real part of В

in X г i»©» i t nsay change the background.

In the next section we shall describe the procedure of/ob-

taining. from d.r» the result for the contribution of the real part

of H in X and analyse the uncertainties which кау be respon-

sible for the discrepancy bet-ween the «ell known d.r. solutions

and esEperimexit /1-3/. We shall show that the asbxguity i s saisly

connected tilth the consideration of the high energy coEtriba

to the dispersion integral* • ' •• ••

3« Thĝ Higb Energy Sontributipn to the JBispersloa

Let us write the d.r. for' the; photoprociEctic-E

in the form

Re Wh Ki**^
• %«resh

C6)

is the photon energy in 2ab» system, Ц? and ^ are the

- 8 - ' • ' ' • •



photon and pion momenta in c.n., Ur^ is the pion energy in this

systea, fJL and f*~ are the nucleon and pion «Basses, R is the

residue of the amplitude ^ the Born poles at V — ± Yg «

Tbe sign (-) ind.r. corresponds to the amplitudes У? ~*,

jS
f
~
5
, 2f* and С * (we used the notations of /12/). This strog-

ly depress the high energy contributions to the dispersion integ-

rals for these amplitudes. For instance, the account of the contri-

bution, of tbe region from 500 MeV up to I GeV in d.r. by means of

the Walker analysis /13/ changes these amplitudes by less than I %,

fbe sign (+) in (6) corresponds to the amplitudes С »

M, б * and *& and the high energy contributions to tlie dis- ,

persion integrals for these amplitudes may be essential.

Let us analyse the contributions of the various

tion regions to the dispersion integrals for the amplitude H :

fro» the threshold up bo 500 MeV, from 500 MeV up to I GeV and

higher thaB I GeV.

I) The Energy Region fro» the Threshold up to 500 MeV

In this region we take into account only the contribution

of the Bultipoles C
o +
 » ™-r * ™л+ * C^+

 t o t f e e
 dispersion

integrals. In this energy region, the contribution of the remained

aultipoles can be neglected since, according to the unifcarity con-

dition, they are proportional to the correspondiag ssall phases of

ЛГ/^-scattering- The error in determining the nocresonant ши!г1-

poles fcftf anil r L - fro» й.т» and the existizng experieental data

sees art exceed 100 % Csee, for instance, /14/). However, the

cbasge of tbe miltipoles t-Qt- and Рч^- within the limits of. 100 %

at Бу--35© Ме¥ aad 0 = 180 introduces an uncertatety into the final

result not exceeding 3 % for each maltipcle and is less essential

-9-



at 0<I8O°. a

For the resonant multipole М ^
+
 in the absence of an

isotensor current one may take the CGLK solution /12/ which des-

cribes well the experimental data on the reaction Xp-*p-x
Q

(having low background from other multipoles) and agree with all

the d.r. solutions, e.g. with the solution of /4/. The phase of the

multipole М Д is taken in the analytical form from /5/.

The d.r. solutions for the E^. amplitude obtained by

various authors /4,15,16/ differ between themselves in form of the

£*+ amplitude and in sign in the resonance region. From tuo data

on the differential cross section and asmmetry in the reaction

fp-ьрзс* in Д (1236) region, it may be concluded that in this

1 +
 amplitude is small and cannot be jnore than (3-4) %

of the И,+ amplitude and has an opposite sign /17/.,

The curves shown in Figs 1-4 correspond to the negative

sign of ^i*/t4
x &t

 resonance and to the form БД amplitude in

accordance with the solution of /4/- The other d.r. solutions

/15,16/ for C
1 +
 , only raise the theoretical curves of Figs 1-4

and enhance the existing discrepancy.

2) The Energy Region from 500 MeV up to 1000 HeV

The contribution of this region to the dispersion integ-

rals has been estimated with the help of the Walker analysis /Ю/.

At £^=-350 MeV it introduces into the sum of the differential cross

sections Z an uncertainty of 2 and 3 % for &=9Q° and 0=180°, res-

pectively, and practically no contribution is introduced at small

angles.

There is, however, an ambiguity in determining the para-

meters of Pu (M« 14.35-1470 MeV, 5=200-400 MeV) resonance. Let us

- 10 -



estimate the influence of this ambiguity on the theoretical re-

sults (curves 1-4) by their maxima. For this purpose we assume that

the /^ resonance appears only on neutron /18/ in the amplitude

and the total photoproduction cross section on neutron in the

resonance region is only due to M amplitude. Let us note that

the contributions of all the multipoles to the total cross section

are auaeed up. Then т/e obtain M ' ^ V s » 1435 MeV)s± 0.0565 (GeV) «

This value of M^- at /^ resonance obtained in estimating by the

maximum, introduces into the theoretical predictions for 2 an un-

certainty of 0.3, 1.6, 2.4 and 3.0 id»rn at 0=180° and JSys200,

280, 350 and 420 MeV, respectively, and practically does not change

the predictions when 0^90°.

Thus, the discrepancy between d.r, and experiment cannot

be essentially connected with the ambiguity in determining the

P
u
 (1470) parameters.

3) Region Higher than 1000 MeV \

As it was mentioned above, the contributions of the amp-

litudes Л
 t

 6 ~ and 2> in this region are strongly suppressed

by the kineaatical factors. Only the contribution of the С amp-

litude to the dispersion integrals at high energies may essentially

influence the d.r. predictions at low energies.

The amplitude L does not give for kinematicai reason

any contribution to the production at small angles; its contribu-

tion increases with angle. Thus, the change in the amplitude С ,

introduced by the high energy contributions has the same angular

dependence as that of the discrepancy between the d.r. predictions

and experiment (see Figs 3,4) •

To clearify the energy dependence of this contribution

- II -



let us rewrite tbe d.r. for the amplitude W. , separating the

high energy contribution:
16*,

=R (ф
+ tcW,

where f (£) is the high energy integral which with a good accu-

racy at V under consideration is a function of only t and is

equal to

From the existing Regge analysis of the data at high energies, the

function j ({,} is not determined unambiguously. Therefore, in

our approach jc(ty serves as a free parameter which is chosen

from the condition of agreement between the d.r. and experiment.

The high energy contributions to /?e С (У
9
"6) do not

depend on the energy V and are fixed by the value of t. Choosing

the necessary j
c
 (i) at E

y
s:35O and 420 MeV, we change the d.r.

predictions at lower energies fi^«200 and E^-280 MeV in a quite

certain manner.

A good agreement between d.r. and experiment at

and 420 MeV and 9=180 is achieved when

(9)

The values of j
c
(i) at smaller Щ are chosen in such a way that

the agreement between d.r. and experiment would not be violated

at E
y
«200 and 280 MeV.

- IE -



Then

The curves corresponding to these values of $ (i) are shown in

Figs 1-4. Thus, the consideration of the high energy contributions

to the amplitude С allows to describe the data at all energies

from the threshold up to 450 MeV. The discrepancy can not be re-

moved only at B^.»35O MeV and 0 = 90° Where the curve in Fig. 3

cannot be lowered any more by means of the lunction J
c
 (i) without

violating the agreement with the experiment at £-^=.200 and 280 MeV.

The remained discrepancy at Eg.*35O MeV and 0=90° may be

attributed to the isotensor current /ID/; the lower estimate of the

isotensor contribution is ^ * / м + *
4
'{7~f0)%

The values j^(b) (9,10). may be useful in analyzing the

data at high energies.

The consideration of the high energy contributions to the

amplitude С allows to describe the sum (4) of the differential

cross sections. However, the agreement between the theory and expe-

riment then appeared to be violated in the reaction To—•aUC*

We shall show that these discrepancy may b# removed with the help

of the high energy contributions to the isoscalar amplitude n

t4) The Contribution of High £nergy to Isoscalar Amplitudes

As it was mentioned above, the high energy contributions

may be essential only, in the isoscalar amplitudes Л , p ,

Z> . But for reasonable values of О and ** at high ener-

gies, tbeir high energy contributions to the differential cross

- 13 -



section from the threshold up to 420 Me¥ are suppressed I the ampli-

tudes B(0> and Ъ"" enter with a higher power ^emtjaenta in с

parison with the amplitude Д ). Therefor*, only the high energy

contribution to the amplitude Jt may be essential. It is impor-

tant to note that free the data on the ratio of Jt
+
and *~ differen-

tial cross sections at high energies (see Fig. 5) it follows unam-

biguously that the magnitude of the isoscalar amplitude at small

is saall and at {ij/^ (0.3-0.5) (Ge¥) is essential. Just these va-

lues of t correspond to the large angle production at Ey=35O and
«ft*

420 MeV. Therefore, the high energy contribution to the amplitude ft

has the necessary dependence on "£ which permits to describe the da-

ta on Ур<-*пзс+ at energies from the threshold up to 420 Me?.

Thus, the consideration of the high energy contributions

to the dispersion integrals permits to describe the data on the reac-

tions Yjo-»n,2t* and Т)г^± />ЗС~ .

Let us note that to obtain an agreement between the d.r.

predictions and experiment for the reaction lfp—»ряг* in /4/, it

has been also taken into account the high energy contributions of the

S and 6i poles. In the resonance region (where the background is

low) their contribution is insignificant and becomes essential near

the threshold.

5) Conclusions

The high energy contributions to the dispersion integrals

allow us to remove the discrepancy between the d.r. and experimen-

tal data on the reactions Yn. ??/>*" /1-3/ on the assumption that

T-invariance is not violated and the data on the direct (Ta-*p5C~ )

/2,3/ and inverse ixy^n.-^ ) /l/ reactions coincide w?.thin the

- 14 -



limits of th« errors.

However, the experimental data on the reaction Ул.-* or"

bar* been recently published by Fuji! «t al /19/. These data sharp-

ly disagree with the results of the Measurement of inverse reaction

X"»-»nY №•
 M

 **»••• results are correct, then the centre of the

problem «ill be shifted from the question v? the removal of the dis-

crepancy between d.r. and experiment to the violation of T-invariance

in the electromagnetic interactions of hadrons. In this case the

phases of the multipoles in the photoproduction are arbitrary (not

connected with the 3cN -scattering phases by the unitarity condi-

tion) and the application of d.r. becomes model dependent. For fur-

ther analysis, new experiments on the reactions ¥n+t. p?£~ near the

A (1236) resonance are necessary.

The available data on the reactions Yp~*px* , Тл-*рт~

Тр-*йтг
+
 do not allow to establish the existence of the isotensor

electromagnetic current /10/ with confidence. A reliable conclusion

on the existence of an Isotensor current in pion photoproduction may

be done when new experimental data on the reaction Th.-»ft.** in

Д(123б) resonance region will be appeared. The comparison of the

differential cross sections of the reactions ЗЬ<-»р7г° and Vn.-»/i7r
a

in the resonance region will allow to solve this problem unambiguous-

ly.

The authors are grateful to S-B. Gerasiorav- S.G. Matinian,

T.I. Ogievetsky and L.D. Soloviev for useful discussions and Q.R.Gul-

kanian for the help in carrying numerical calculations on the com-

puter.
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FIGURE CAPTIONS

Fig. I D.R- predictions for }|Г and the experimental data at

Ef=2OOMeV. The thick and thin curves are the d.r. pre-

dictions with and without taking into account the high

energy contributions, respectively. The experimental da-

ta are taken from: O- /3/ and/2(3/; •- /21/ and /20/;

О -/22/ and /20/ j X- /23/ and /20/;A- /22/ and /24/.

Fig. 2 The same as that in Fig. I at b
r
= 280 MeV. о -/3/ and

/25/; »-/2/ and /25/; Л -/26/ and /25/.

Fig. 3 D.R. predictions for 2" and the experimental data at

£^«350 He?. The thick and thin curves are the d.r. pre-

dictions with and without taking into account the high

energy contributions; the dotted curve (I) is the contri-

bution of the imaginary part of П in X ; the hatched-

-dotted curve illustrates the discrepancy between the

d.r. and experiment. O-/3/ and /25/^^X -/2/ and /25/;

• -/I/ and /25/.

Fig. 4 The same as that in Fig. 3 at £ у=420 MeV. • -/2/ and

/28/; О -/27/ and /28/.

Fig. 5 The ratio of flC and 9Г photoproduction cross sections

at Е^=3-4 G*V, Eg = 5 GeV. The experimental data

taken from: • -/2$/, A -/30/; О-/29/.
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