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t
 Introduction

Recently new experinental results on the yn zzz. pfif

reactions in the first resonance region have been obtained and

discussed extensively /1-6/, These data would pemit to test the

properties of the electroaagnetic current of hadrons: the isoten-J

eor ги1ел1«| /1>6/ and T-iinariance» However, as it is die-;
1
 -

cussed in detail, for instance, in the review paper /7/ the ex>.

perJjsental <!ata are unsatisfactory since there are direct discre-

pancies between the results of varioua §
H «There is a discrepancy between CgRI-Ir-Ж /8/ and UCLA-LBL •

/9» 10/ data on Ш е ЗГр—£л. differential cross section; at By »

354 МеГ (3y is the photos lab.energy for $n—~p&-} the data

/9» 10/ are aystosatically 3-5 j* b/st higher than the data /8/. -

2. In order to obtain the ̂ n — p5T"crosa section from the

ratioST/fr* aeasured on deuterium {Tokio /11/ and Bonn /12/) da-

ta T—n mired on hyrtrogen are used« The Sf -photoproductioa data

(Orsay /13/ *ind Bonn /14/) are in diaagreestent with.each ather.

ЗДьеге is a 10-15% discrepancy between the DffiT /15/ and Fras-

cftti /16/ SMWHuremants on Jfd -*ftp3f"cross sections.

Therefore, there is no гаяяоп to consider any t£»e reversal

iavariance violation in the jfnsrpST'reactions in the Д (1236)

region. Below using the available data we shall study the proper-

tie* of the electroaagnetic current under assumption that T is

conserved*

Let ua underline, that theoretically there are two Indepez*-

dent ways to estimate the coatributlon of the isotensor eleotro-

magnetic current in photopr4>duetlon in the Д {123*6} region:



1. Using tht data озй the reactions /17/s

£. Using tht date, on the retortions i

The neutron croaa rawtiona ar« obtain*! from the aeafMired

dauteriua data la twa «seyes

ft)fro* the и м а г о А ЗГ/ЭТ* *ratioa on deuterium and

^ b) Prom the react iom itj—HftfSF in the spectator model. As

it follows from tht experimental results on tht ratios

. no,,
corrections to the spectator modal «re essential e»i equal to

20-30$ in the Л (1236) region» Therefore, one «uat take into

account these corrections carefully in tha analysis of the neutron

data. The double scattering effects in pton photoproduction on

deuterons ..in the Д (1236) region at large' angle» ( 8
C
m* 90°) are

tt

calculated in ref./21/.They explain tike nature of the angular and
f

energy dependence of the data /18-20/* According to/21/ one may

expect, that the data obtained' fK>m the measured *1ГУ51* ratioe on :

deuterium (Tokio /11/ and Bon» /1g/)and / ̂
a
 T

 n
?il} (Daresbury

/18/ and Praecati /22/) are not aeu^itiTe
 t0/ rfe

oattering correc

' 4 -V.:. :• ' . . . .



tion».

Therefore» in order to obtain the ieotensor contribution ш

яау separate the following eet of data with various

to the deuteron conactiona,

I. The only proton data on the reactions Хр-^ j

and &"p-+xn.&n it le pointed out /17/ these data are sufficient

for this purpose, * i

II. The proton data о п Ш ractions $p~~ pST* ур-*пЗГ*ап<Л !

data oajn-^pfffyoa ssas«rsdS7ST* ratio ОЙ deuterium (Tokio /11/

and Bonn /12/).
 !

III. The data on [jn ~'*пЖУ$р~~рЯ' 1 L- ̂ esbury /18/ and Pra*;«

cati /22/).
 e

1У, a)The data on yp-^p^'^P-^nST* obtained on hydrogen ttncl

^n~*p5« ' derived with the spectator aodel from the data on the

reaction $d-*ppS?~ (DfiSY /15/ and fraecati /16/).

b) The data on Xp-~pSf°Xp~*-n5f* obtained on hydrogen and

#h-*p5F obtained from the ^fd-*pp5T data taking into account the

deuteron corrections according to /20,21/. The corrections some-

what increase the ̂ ri-*pSf~croaB sectiona measured at Fraecati ezscl

DESY» however, they do not change the magnitude of the isoteo3or

cont: ibutioR obtained with thea» data.

To obtain the i eatensor contribution we use the fiied-t disi-

persion relations (DR). The procedure of the application of DR ±tt

described in Section 2.

T^e analysis /17,23/ shows, that the only essential uncer -

taint lea in the Ш predict ions for the charged pion photoproduc»

tioa in the A (1236) reoonanoe region is connected with the ,

high energy contributions (HBC) into DR and with ieotenaor cur -

• • • - 5 -••
r
 : ' / ; У У : ' .

:
 Г:. ' ' •'.



rent* bet us underline» that the introduction of «be essential rfEO

is necessary for the description of the $n—>p$f~ data at Ey ж 350-

450 MeV and 0
C m
^ 90°. For instance, the difference between the Ж

predictions (without HJtC) and the Jfft -*p5F~ experimental cross sec-

tions is 4-5 /b/sz and 8-10 j*h/sz tor Bj- * 350

» 180° and fi^ «400 MeV, ^„-180°, respectirely. As it is shown

/23/ the above mentioned discrepancy ia connected mainly with RJ8C

and depends weekly on ieotenaor.

Thus^ we think that estimating th* ieotenaor contribution one

east clearly analyse the origin of the diecrepa»cy between the DR

predictions and the experiment and carry bat detail analysis o f

the energy a&d angular dietribution* teklag into account HSC. The

dip test /2/ igaawis the influence of НЯС on the energy structure

of theST and 3T~photoproduction total cross section difference in

the & (1236) region. For instance, the Frascati data /16/ reewlt

in ~ 1036 isotensor contribution according to the dip test (э? =

'0,2/2,16/). Hcwerer, the analysis shows, that the discrepansj bet»

ween Ш and this experiment (see table I) at В v < 350 MeT way be

]explained only bjr means of НЕС without any isotensor current, at

E v j . 350 MeV tne data /16/ cannot be described satisfactorily In

our approach with both ieotenaor contribution and BBC.

In spite of great number of the experiments the data of some

i group a (see table I) are not cr̂ aaplete enough to estimate the ieo-

tenaor contribution. Only the ШВУ /15/ and Bonn-Bonn /12-14/ data

are sufficiently complete and using them we obtain а «его isotensor.

jlhe Bonn-Orsay /12,13/ (due to /13/) and CSRI-L-M /8/ data are not
i • . • " • . . . . • • ; • • . • ' • • • • . .

;
 • •-. ; . . . • ' :.

icomplete and do not exclude a 1036 while the UCLA-LBL /10/ data re4

isolt in 10* isotensor contribution. The m—itSfdata /22/ yield |

• . • • • • . • - • 6 -
:
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(3 - 3.)* iaotenaor contribution (G.Shaw /7/>.

2. Fomilation of the Problem

bet us consider the procedure of the description of charged

pion photoproducticm reaotioB t t ^ < 420 MeV with the help of the!

fixed-t Ш and- analyse the uncertainties of thie procedure. The j

pion photoproduction «ueplitudee have the following ieotopic struc-

ture / 6 / : '" • .,"•; ....-..••• •. .. '•• ;

where

H * and H ьхо the iaoreeto* eaqplitudes corresponding to the

trmneltione into th» final etatee with iaoapin J«-i and J=f, H ^

and H are the iaoacalar and iaotenaor asplitudes , respectively.

1* The imaginary parte of the amplitudes (3) and (4) are de-

termined by the reaonance•ultipolecr

4
and by the following coabinatione of the lowest nonresonanc'e aul-

tipolee

- 7 - •••' ' . • ' . " •



I» tM* «augy ration tb» cc*trlbetiom «Г tfc* гамо1—rl

pol«& с ш b« mmgJLmttfA «laee аосхшШ^ to th» wuKfctaorlty eoadltion

their хтя&иатху fmrbm «re funoportloaal to the со»тт#вроиЛ1чв n o i l

phmMts of JFll -HBeattoxlaie» I

2 . To d«t«ncla* tli» xwol. ]шзг&» of tfc* Mpillirt— (3) ae* U )

l e t u» w i t » tb* f±»c4-t Ш for th* 1штак1швк mgHLtmOmm iwm о м

ot«tla« Ц of МГГ./24/) o p c n t i ^ ЮС:

/ ( f j , i* ff i* • V «w» «abLLtWi»,

Meant

are the pfacrtoa and pi— ijwanala 1m e.au^ <*V 1л tt» piom

of UM —iiilliwiM alt Vb t V . /„ If! «ft if,, f11 m t te
•*•* •Иг \ ж • JPf 1 #

higjk «шкнвг ijrtoiKcmlar «hldi farV «after eoaaldezatioii a l t h a e^adl
of oaly ir aai ac« urgpal tor

CIO,

BotatioMi of x«T./2!4/} «r* V m a «Ш1* Им



therefore, to

Ш "pfcBtomxttiaetlee fit la ш ш и г у to latvodaee the following

itttejpala imi гащниаНад, to thaw aaplltodaas

(121

I» jjetegrwla {©) froa Iliaatiili ap to 0,5 CeV we «ball take

С?} • Я* bava aetlaatad tha xaaaiaai iatagrale £гаш 0,5 ар to 1

С«Т tqr «Blkar /25/ aaaljaia. Xaatr eoatrlbwtioii to the iinal JV-

Is ttt xveiMi fira» O,5 op to 1 QeXT -Qmm ie

to F 1 f t1*70) m o m x t . One шд tuft» iato accouat the inflnence

of tkls M*fg)ilty iaelaii i^ * * l ^ o t te ИЖ (11

hinii m,Z3/ tbe cootrUwtlfm sLvam by the

СTl to ^ 1B net a m Ниш 2*. Же Ьате tak« the
r r t

(71 «t F.J^M,! -O ft» «Г./26/.
doocTibJUig tiha axaatriaaatal data on the reaction»

aad p-.pff"gt E^^ 420 ЯеТ by шмш of Ш

la axpreaoed in tame of the .̂ MepaUaalea (6)Д11> and

Belov mm tak* lato »̂-*—fc theee" —ftiHiMlini aad analyae the na-

cogaected with taaa»- ' ' ' /: ;'..-•.-. V;:

v..'. .

ijet oa aaa^raa the, azlatibax: apniaeala l data on <iie2p^i^ ,

tLrrerartial c n n MCUOW I? мяш of Ш at t = t B =

0,125 Cel2 Mnaaaoadiae to Б^-Э50 MrfT a«d в с -, -90°. rfe choice

of tfcla valae o f t ia conoKted with th« fact that the date at

Ev- »55O seV aad Э^-^ЭО0 are aoet «uwitive to the iaoteaeKsr cw|»>



tributlon* For t value» corresponding to other angleu at £*v

350 M«V thfi» differential йгова sections on. the reactions £р-*4

and J"fi »*.р$ sire ieeo oenoitivc to t.he iaotenaor contribution and

determine minly the valur^ of high energy -integrals /23/• ;

^
r
 Resonance IJultipolas

The jfp-^pJf experiaental data having aiaali background from

попгевошшс» multipolee in the Д (1236).". region deterxcine well

combination of the reaonance multipoles corresponding to this

re«tetion. , • • ' . • • • ' •

For M
f
^ (jfp-̂ pST"J we take С6Ш aolution /2t/

which describe well the £p-*p5? ° data and ore in agreemens with

ail Ш solutions, for instance, with ones of refs. /26,27/.

For the resonance amplitude

there are воле DR solutions satisfying the ̂ р-**рЗГ
в
 data, fhe

uncertainty in JT^-photoproduction differential cross sections

connected with the differences between these solutions ia within,

the experimental, errors. The analysis has shown, that the esti-

mate for the isotenaor contribution does not depend on this un-

certainty. Our results correspond to the solution /26/ for (13a).

The resonance isotensor multipolesM. and £ satisfy DR

with zero Born terms. The solutions of such DR coincide practical-

ly with the homogeneous solutions obtained in ref./27/. In our \

calculations we have used solutions giren in Pig.6 of ref./27/. Г

~ Tn -



.Sinct their height is arbitrary let us define M J'and £r^'in the.

following; w*v*;

where at Fу =*35O

.M* (CG
L
N). (15)

It ia shown /17/, that t/
T
 is email (*/

r
~ - ipj • Since the

cross section ensrgy dependence on y
r
 (ее* table I) has the same

resonance character aa the dependence on X
r
 further we shall con-

aider the estimate for M
 T
 assuming yr.dt °

4. High Energy Contributions

Taking into account the high energy integrals /11/ and /12/

lowing combinations of I (ij and % ft/ at t * tos

н

it appears, that — (f*£oj at Я у « 420 MeV is described by the fol

(17)

where Vo * 1 GeY, fc~ (• f ) and fc(f#J are diiaensionlese quant i t ies

The relation between X
r
 and 3C introduced by Sanda and Shaw

/2/ ie: X * - 2 5C
T

- II -



in these coablMtiofat the coaftribtttloae of the
j^,«feaaa l£ are atroagly w p p r t m i . АКШМ of

the asmllneae factor ~ i* If, and «£ (see (9) aa* (10»

reduce (17) to the

'¥hus, ЗГ~ -pbotoprodnctioa differeatlal cross saetioas at

and f̂  ^ 420 MeV are determined by w i n of three

teras ЭСТг f̂

fhe reealta of oar calcalatione for 5r~-photoptro*HCtSjoe dif-

ferential eroas aectioas at £ у « 420 «eT awl i = f . » - a, 125 6еТ'

obtained with the help of Ш (8)» aatltipolea (6) aau (?) ant

Г integralB (11) aad (12) «?• «ire* la tablea X aad U .

differential eroas aeetioaa taldUas into account onOj the

^rectiona еаяееД by the iaoteaeor aad bl^h eaergy coatribatloas

be preaented in the foras
• -~ Ш. • _ a- # . » T Mar

(19)
The valaee of a. , i . e . ~~ far « ^ . « ^ ^ г ^ о а я wmUL a»

values of the para—tare it,crd.e *xm ̂ iren 1m the tables,

lote, that the costrlbatioa of жТ to jf|(rp—*f}l*

«lace aeeordias to (3) aad (13)-(15) I t i s aetemiiaod oelj bj tite

ROBtribnUoB of W. to the ansarlagiiar part of the lategrals (8 ) .

Irhe eontribatioai of aCj. to ^ (|*~НРЭП) *• €eti i l l sail «ttialy bj

ithe contribation of M1+ to the laaglwary pait of the а1и.|1Пм1е (4*

had hae a rescoaace featmie» — 22 <— -



iftraa talue i 1% i s и м , that the c r o u aeetioa dependents

«a Um iaotaaaor coaUrlbutioa» Д^ sad |JT olffere таяеяАЛмП?/

tram, the ЛщттЛтшвт ea the hi«h "«ergy tstegrala f̂ | (tm)

ИЛ! to tkt croee a«etio«t «MUTMUMI —nothly wltb lncr««a« of the ;

•mmapgj wkllm tbm tmitmtmese coKtribatioa to Jh-*-p3T Ьал а згеаоиапее

ш Vm •ярткЛшттда! imtm. on tlmfp-*-nW*$aAf»-^pSf

cxowi ««ctlcMMi allow t o йтЬкхшЛят tit» iaoteiMKnr con-

tribe t l

Contri-

13M tJMeacvtleal preiietiaaw ош th» |H—p* and jfp-*n* crosa

sectioae alXovix^ to tak» Ijrto eoaeMatmtloai th* iaotaaaeor i^d

owtrlbotlo— «r» «ITW» im tablaa I n i П . Я » ex-

date of varioaa дояра ов tb» nnaetioaa Jp—-itST* aad

alao « ± т и . ijkjtae th* СШШШ-Ь-Ш «ata /6/ a ron«Jt «x-

trafolatioa t o tha vaqpifai aaglaa «aa aa4a. Bar coanrisleaea, the

aacaite*. A ^ e ^ j Ctfca 4ШГапмеа bataaam tteorgr ш^ж^^

•яА »гр«г||№ал1) ahiek pandta t o d*t«ra±n* the iaotasaMor and

Coaalat* a a y r l — i l a l aata for a l l the energies of the table

I aaali a l lav t o aataia naaaht^wn» aattnatiom for iaotensor cur-

raxt. *• hope thia table «111 he aaafal for the ezperlaeiitaliatr in

ta fl^rtandae thm laataaaodr ooKtrlbatlcm with the help of

Let aa eoaaliar the deten laat ioa of the iaotemor coirtri-

bvtlea aaiae; the available experlaeartal aata.



1. Bonn-Bonn /12,14/. These data are completeeuffioiently

for our estimations! they cover the necessary energy interval. The
i

^-(iK-cxp] «mergy dependence hae a nonreaonance shape and I« des-

cribed completely by ПИО with Л^. - о

2. Вопв-Orsay /12.13/. Icte» that the Orsay frp-^nSTdata need
;p . .....

essential НЕС (see table II), while the Bonn data /14/ do not need

HcC. The Bonn-Orsay data ar© incomplete (due to /13/), they do not

exclude & 10% ieoteneor (3C
r
 «0,1). However, theee data can be

described only by HJ3C, To obtain reasonable estimates data cover-

ing; all the energy interval are required»

3.D&sy /IS/, The data are sufficiently complete and exclude '

ieoteneor contribution (зс
г
 *0).

4. fi%xc*ti /16/. The theory gives a poor description of

theae data. AtB^m 350 MeV they can be explained only by HBC '

(without ieoteneor) while at Ey£ 350 KeV the data /16/ c»n»ot be

described eatifactorilj in our approach with both isotensor and

high energy contributionsi In vie» of these uncertainties it ia

clear, that from the Jfeaecati data we cannot infer the existence

of an ieotensor ourrent. These data need, corrections in order to

obtain estimates for ieotei-sor contribution.

5.0Cb4~L^L /10/, The data are incomplete. Nevertheless, they}

permit to make a rough estimate of 10% isotenaor {ocT^o,p.t is very

desirable to obtain data at lower energies.

б.СбНВ-Ir-M/a/, The d«:ta are very incomplete, A rough angular

extrapolation is necessary in order to use them for our purpose.

These data are compatible with X
r
« 0 and oan be explained only

by high energy contributions.

The authors are greatful to S.G.Mat inian, V.I. Ogle vet «kjr aac

L.D.Soloviev for ца
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