BLOLEUP DPAPLEBE PLUSPSARS
EPEBAHCKMA OM3HYECKHN HHCTHTYT

PESUY Uy LBLNPMIRY HAYYHOE COOBUEHME

BOH-2172)

[.G.AZNAUKIAN ARD A.N.ZASLAVSKY

HIGH ENERGY CONTRIBUTIONS TO THE DISPERSION INTEGRALS,
ISOTENSOR ELECTROMAGNETIC CURRENT,AND DATA ON

.'7f‘t- PHOTOPRODUCTION FROM THE THRESHOLD UP TO 450 MEV




S ———

‘We regret that some of the pages in the microfiche
“copy of this report may not be up to the proper
»leglblllty standards, even though the best p0351b1e
copy was: used for preparlng the master fiche. :

omnnn . Y AR e




YEREVAN PHYSICAL INSTITUTL

Scientific Report EGH-9(72)

I.G.AZNAURIAN AND A.N.ZASLAVSKY

HIGH ENERGY CONTRIBUTIONS TO THE DISPERSION INTEGRALS,
ISOTENSOR ELECTROMAGNETIC CURRENT,AND DATA ON
Jﬁ'i- PHOTOPRODUCTION FROM THE THRESHOLD UP TQ 450 MEV

Yerevan 1972



TR 336, L BES .0 M Tppeos ot -SRI
ET LRI k. CREIE
m:::::r.um. BRI

T resewmmre 3 TR TRGCT SECIOIGHNE MR 5% X OIS
o I JECHIRE §o SR SasEEed T K R e T T
Wz ETUTE § TECIECHDE MPeTTIRRE. SF Ji s et s TR
T PCEIERCTRNRE T T IR I .-

Rontyn niziis.: ) S aERCEE. O IR I 45T s, Seescrnmoe: oI

- &

EEE CIFEEZ Sk SEINSEEY RECTCISOIMITT TREPTIRSE N ETRIY O
R T S - [T

JIED ST DL SRS ORL T 8

LR ATPUTYAN, A0 08 TASREYSIY

The IZserwmney Teteemy. S Chirmession ot e LT,
and Gt anpertoersyl detE ar e TORCSIINTE ,yﬂ__q--in e e S
S T TiEpervian nueesls,. The epertimevel dive orwme
rmmrmm mmmg S i b

Tamer 31 grsw’ P g
TN AT aGimmsE S wia LR ol Carcag ﬂmm
JurTEis I m&hm

s



WEE T ;m et e dwcE 2.3 ar Site dETert T

sroior. e~ xos aves Tmeer: oitatned T Gie dnmelse mmenringe

ares: me Tharedfrm :m!:- TR TELE D IOME O LIS 23
RN S T ‘:—am vIodanion. O WiE CERCREOnE W aE
"ﬁga’:zrurf' Mm o= = ,z FHemprmriie mmEemr L SHe

nf—*’:fnm*"* xa':,r.i. o w—-ﬂci&" m.. ,E,r;.-ysﬂ*—- i =Ty i o0 o7 5 -

e e e e R U OUNU R SR e 3y i,




the experimental d ta on backward J"b'+and " photoproduction at

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

contributions and cannot be described by means of isotensor elec-

tromagnetic current.
The consideration of the high energy contributions allows

to describe the experimental data on EP —nx* and Yn2 pa:'

in the emergy interval from the threshold up to 400-450 MeV (see
Figs. I-i4). Some discrepancy remains at 9=9ﬂ° and E.(='350 HeV,

If the experimental data./2,3/ are correct, then this discrepancy
leads to a lower estimate on the isctensor contribution ~(7-I0} %
of isovector resonance amplitude. '

The consideration of high esnergy canurihutions also al-
lows to describe the energy dependence of the = and x photo—
production cross section difference in the A (1236} resonance re-
‘gicn, the structure of which served a8 a basis for the introduction

of isctensor electromagnetic current 1.

2. Formulation of the Prpbl- and the Method of Solutiom

Lst us write the isotopic atructnre of the anph.tude for
I}g pion photoproduction on nucleens tak:lng into accourt the iso-

tensor_velectmmagnetic cun_*ent in the form:

He G H B e h G H Ge-25),
where | |
Oy
H=4(H w20, ol



are the isotouic even and isotopic odd isovector amplitudes, the
amplitudes H and H corres;:cnd ..o f.ne trapsition into a final
state with 1= 4 7 and % , H and H are the isoscalar and isoten-
sor amplitudes, respectively.

The pion photoproduction amplitudes are of the following

form:
-, ) 4, @
H{sp-nz?=ZL(H =34 )+ H 1, (3a)
’ ] ¥ j {ﬂ j - 1 3
Hiva—p=)=E [(H™-$H - 17T, (39}
(+) | ey
H(wp=ped= H+ (HT+3H ), (3¢)
L e, 8 2 | | |
H(¥n—ora}=H -{H +5H ), (3¢}

The well lmem soiutians of d.r. /4=6/ describe well
the data on the reactions TF"’ px° and ¥Yp—nzx? and fzil for the
reactions H’r:, px‘ /1-3/ _

In /II[ it has been shown that this brings to a discre-
pancy bét.ween tne d.r.‘ nredzctz.ons and the experiment for z large

i

=3
1sovecgar photo;.‘ uctlo'z amplzt.ude H P which wizh =
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cursay uescr:.hes the sum of dz.fferent;a& eross sectlions for the

reactiens ?(n-an,it* and "a’n-—)px thgs, Tel)s

I= z-(rr-»nzwm(’& pa) = 4fH“"”“= |

The account of isoscalar and 1sovector aunlztuues can

om.y somewhat- ra:se the curvea 111 Figsc‘.‘, -i& ’Ibe ﬂent*ihutioﬂ of




isoscalar amplitude Hm to the sum of the cross ssctions 2 at

largs angles becomes noticeable at
This contribution is taken into account for tke curve shownt in

E.‘,.-..-AZO MeY and higher energies.

Pig. 4 and at =180 is (I0-I5) %.
From the figures is seen that at rescnance is,‘= 350 MeV}

and higher energies there is a sharp discrepancy Detween the d.r.

predictions at large angleu and the experiment: the curves qbtained

bty means of d.r. lie significantly higher than the experimental

points.
It is convenient to carry out the analysis and the removal

of discrepancy between d.r. and the experiment not by means of the
reactions but by the isctopic 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(-)has been carried out. It has been shown that the discre-
pancy between d.r. and the experﬁent is connected mainly with the
high energy contributions to the dispersicn integrals. It has been
also shown that. the change of the iscvector resonance multipcles
r:; and E.ﬁ- connected with the introductior of an is eatensor elec-
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 isoscalar ampli-
tude Hmallow to choose it in such a manner that no discrééancy
between the predictions of d.r. and the data for the reacticn

}’P—. nxt would arise.

3. T e Role of Isotensor Electromagnetic Curreat in the

Removal of Diserepa;i:cy betuééu D.-R.-‘éﬁd Experimemt . .

We shall sﬁé@that the introduction of iéotmﬁ&t ifes.mnt’_“{

=g =



; m
muitipoles Mﬂ and E;-s cannot remove the main features of discre-

pancy between the d.r. predictions and experiment /I-3/.
The isotenmsor temms entcr intc the resonant wultipoles,

e.g. into M, in the following way:.

| 2.3 47) (5a)

Ma+(Fp—px)=—VZ M+ (iprnxt)= 5(M,, + Mss ), 2
| 2 n

M (Tn—nz)=¥2 M (¥n—px)= -32-(!‘?; -M,. ), -~ {5p)

M, =-% Ml (5¢)

The sums M%ﬁ}\f{f’@a . F E are fixed by the
data on the reaction B'P_) Pt' hav.mg near the resonance a low
background from the remained 'mit‘ipales. Therefore any attempt to
remove the discrepancy in Z by the change of isovec’cor multipoles
M[.! and E T+ Brings inevitably taf the mtroduccim of isotensor
resonant imltipoles. L , i

The change of tne multipoles Mﬁ, - and E(—) mainly af-
fects the contribution of the :E.,waginary part of H‘ Vin T , which
is il}.ustrated by t.he cunes i 1n ?135 3 am'l L. The mfluence of

these mltipoles on. the centnbut.xan cf thﬂ real part of H m >

} through the dlﬁpersum integra less essent.xal. Let us note ‘

t.hat the contrihm:ion of the «rea}. part. of H in p mcreases }
shght,ly with decreasing the centnbution of ‘the ;u.agmary part
of. H{ }111 Z due to the ‘:::Ir of the nmltipoles M1 az;d E




perinent rzither by the behgviour of the angular dependence nor dy
the magnitude at Ey> 350 ¥eV and 9-—130 .
It is important to note that the com'.ributzon of the ima.

=3
ginary part cf H in Z nwr une resonance is aetemmed only
-3

by the resonant multipoles M,ﬁ, and E,.+ and mxly depends on

"other multipoles. Therefore, mt.n an accuracy ua to the isotemsor

it}
multipolies ;‘ 1 and E 2 this contribnman is fixed by the va-

lue of the mfferential cross sectlan of the mction YP-)PI

and is independent of the un.cersamties in the d.r. solution. The
uncertainties in the d.r. sclutions ﬁajr affect thé d.r. predic-
tions for z only thmugh the ccntrﬁmtlon ef tke real part of H{’}

s 1.8, my change &k e backgra\ma.
11 describe the procedure of ob-

in

M

In uhe next sectzon 'we

taining froz ﬂ.r, the result"f- or. “jont.riimtmn of the real part |

of F 'H in 2 Y and analyze the anertamties ﬂu.ch my be respon-

-z

sible for the discrepam:y betﬁeen the well hcmn ‘d.r. sclutions
and expsriment /I-3/. We shall shaw that the _Eblg?. ty ic mainly
conneciad with the aozzuzczerat.mn of the h:.gn energ,' ccmtr buti

t¢ the dispersion integz‘al

3. The Bigh Energy Contribution to the Bisgersionm

Integ*als

Let us wrzt.e ﬂ':e g. e fnr the ahatoa*cdﬁct:’. n arplitude

in the fom

4 g
+~. _ (1
thresn | (&}
V:E =Y, ¥, = K&}q.‘i(g,__ 1 Lo . ﬁl “;
2m .q;’ Vo=V Vil 2
Hereﬁx is the photcn energy m .tab syst,w, x and ng, are the

'-g_,




photon and pion moments in c.m., Wg is the pion energy in this
system, M and ‘}L are the nucleon and pion masses, R is the
residue of the amplitude .;a the Bdm poles at V=1 Ys .

The sign (-) in d.r. corresponds to the amplitudes /4 {.’,

B"’, ‘3" and C o {we used the notations“ of /I2/}. This strog-

1y derress the high energy contriﬁutions to the d:lé.persion‘ integ-
rals for these a.lpli.t.uues. For instance. the account. of t.he cont.r:r.-
bution of the region from 500 MeV up- to I GeV in d.r._by means of
the Walker anslysis /I3/ changes these ‘amplitudes by less than I %.

The sign {+) in {6) corres;mnds to the amp;itudes C )

) ( 3 19}
ﬂ( ¥ gnd 2 and the high energy contrzbutmns to the dis- .

persion integrals for these aqlit.udes my be essential. ,_

Let us ana]:yze the contributions of the various dnteéra-
tion regions to the dispersion intagrals for the anput.ude H.
from the threshold up to 500 MeV, fron 500 MeV up to 1 GeV and

higher than I GevV. _ . .
I) The Energy 'Regimvfm ‘the ‘l'hreshdld up to 500 Me¥Y

In this region we take into accoung only the contribution

of the cultipoles E:.:’ 5 M:.), ;; . - 1: toc the dispersion
integrals. In this emergy region, the contribution of the remained
militipoles can bevn:eglect:ed s_-iné‘e,‘ according to the unitarity con-
ditian ,‘ they are pfbpd&ional to the 1¢orresjzondiz’zg small phases of
2 N_scattering. The error in d.etemining the nonresonant mlsi-
poles E o ani M;:} frcm d.r. and the e.xzstmg experimental data.
does nct exceed I0C % {see, for instance, /is/}. However, the
change of the multipoles E ‘and MA= within the limits of.100 %
at Eg—- 350 Me¥ and g= 180 izatmauces an uncertaint.y ‘into the fiaal

result not exceeamg 3% for each nmltipcle and is less essential

-~

-’-



at @< 180°, N : i
For the resonant multipole M,,,,, in the abaence of an

isotensor current one may take the CGLN solution /}2/ which des-
cribes well the experimental data on the reaction XP-. px°

{having low background from other multipoles) and dgroe with all
the d.r. aolutions, e.g. with the solution of /4/. The phase of the
multipole M:; is taken in the analytical form from /5/.

The d.r. solutions for the E,..'.‘ anpliw.dc obf.aincd by

various authors /4,15 16/ differ between thenselves in form e'f the

E,,.,, amplitude and 1n sisn in the resonance region. Fro- tus d_at(
on the differential cross aection and assmetry in t.he reaction .
Yp-rpx® in 4 (1236) regibn, it may be coxicluded'that in this
region the E.,.,. amplitude :la mll and cannot be more than (3-4) %
of the M.'.,. anplitude and has an opposito sign /17/

The curves shoun :I.n Figa I-4 correspond to the negative
sign of / M * at resonance and to.the fornE ,anpl:ltuc_!e in
accordance with the solution of /i/. The other d.r. solutions
/15,16/ for ‘E,'.;. , only raise the ‘theoret;:!.c.a_l éu.’z"‘ves of Figs I-4

and enhance the existing discrepancy.

2) The Enérgy Region from 500 MoV up to I000 MeV

The contribution of this region to the disperﬁion integ-.
rals has been estim#téd with ﬁhe help of the Walker analieia /10/.
At E=350 MeV it introduces into the sum of the differential cross o
sections ). an uncertainty of 2 and 3 % for 6=90° ana O= 180°, res-
pectively, and.practically no contribution is introduced at small
angles.

There is, however, an ambiguity in detemining the para-
meters of P., (M=1435-I470 MeV, [=200-400 MeV) resonance. Let us

- I0 -



estimate the influence of this ambiguity on the theoreticél re-
sults (curves I-4) by their maxima. For this purpose we assume that
the e,,, resonance appears only on neutron /18/ in tvhe aﬁplitude
and the total photoproduction cross section on neutron in the
. resonance region is only due to M ~amplitude. Let us note that
the contribut:lons of all the multipoles to the total cross sect:lon
are summed up. Then ve obtain N‘ (VS = 1435 MeV)=£ 0.0565 (GeV)™
This value of M,,- at P resonance obtained in estimating by f.he
maximum, introduces into the theoretical predictions for X an un-
ceftainty of 0.3, 1.6, 2.4 and 3.0 xbarmn at 6=180" and Ey= 200,
280, 350 and 420 MeV, respectively, and practically does not change
the predictions when B 90°. | ”
 Thus, the discrepancy between d.r. and experiment cannot
be essentially connected with the ambiguity in determining the

P" (I470) parameters.

3) Region Higher than 1000 MeV

As it was nentioned abovc, the contriautions of the amp-
litudes - A° ) BH > in thie region are strongly suppressed
by the k:lneuat.:lcal factora. Only the contribution of the C ) amp=
litude to the dispersion integrals at high energies may essentially
influence the d.r. predictions at low energies.

The amplitude C = does not give for kinematica. reason
any contribution to the prodnetion at smll angles; its contribu-
tion increaaea with a:;gle. Thus, the change in the amplitude C
.introduced ~by the high energy contributions has the same angular
depenﬁence as that of t;hg dia’crepancy between the d.r. predictions

and experiment (see Figs 3,4).
To clearify the energy dependence of this contribution

- II -



=)
let us rewrite the d.r. for the amplitude C , Sseparating the

high energy contribution:
16w

o “ P ]
Re C?.e’-t)= R(V ! — VB-:V Y+ jij(Y ) " v‘-l-‘( )alv'+ {7}
+ % (*—)

where -]— ({,) is the high energy mtegral which with a good accu-

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

equal to

v"fc(f} ngc(v ) dv(.- | (8)
| 46«

From the existing Regg'e an’alys‘is of the data at high energies,' the
function 3( (t} is not determ:.ned Lnambiguously. Therefore, in
our approach f ( 'l:} serves as a free parameter which is chosen
from the condition of agreement be..;_veen ‘the d.,v,r. and experiment..
The high energy contributiens to Re C(-‘-)( Y, t} do not
depend on the energy V and are fixed by the value of t. Choosing
the necessary JL (¥ at Ey=350 and 420 MeV, we change the d.r.
predictions at lower energies Eg-ZOO and E -280 MeV in a quite

certain manner.

A& good agreement between d.r. and experiment at E¥= 350

and 1+20 MeV and 9 180 is achieved when

£ (t) =- (025-0 30) ('Géw)'z (9)
= -( ozs'-osq)(aw)‘

The values of :f (t) at smaller [ are chosen in such a way that
the agreement bstween d.r. and experiment would not be violated

at E,=200 and 280 MeV.

- 12 -



Then

- f.(H=-(015- 0.20)(Ged)? o
e < 046 ey |

. The curves corresponding to these values of fc(ﬁ) are shown in
Figs I-4. Thus, the consideration of the .h:lgh energy contributioxis
to the amplitude C ™) a110ws to deécribe the data at all energies
from the threshold up to 450 MeV. The discrepancy can not be re-
moved only at E Ey =350 MeV and 6 =90° where the curve in Fig. 3
cannot be lowered any more by means of the tunction _'; (i) without
violatirig the agreement with the experiment. at b.‘-zoo and 280 MeV.

The remained discrepancy at E,s 350 MeV and = 90 may be
attr:.but.ed to the 1sot.ensor current /IO/ ; the lower estimate of the
isotensor cont.ribution is M1+ / M ~(‘7—{0) /

The values j-c (; -l;) (9 IO) may be useful in analyzing the
data at high ‘eﬂnergies: ’

The conmderation of the high energy contributions to the
amplitude C‘f) allows to describe the sum (4) of the differential
cross sect;lqns. Howéver, “the ;g‘rgement between the theory and Vexpe-
riment‘ thex;«._appearewd to. be-violaté‘d in the feact.ion YP -»rt.‘Ji:""
¥e shall show.that these discrepancy may b® removed with the help
of the high energy contributions to the isoscalar amplitude H ©

4} The COﬁEribution of High g:noir:;y to Isoscalar Amplitudes

_ As it was mentioned above, tho high energy contributions
(o} ©)
may ba esuntial only in the isoscalar amplitudes A B * ’

() (]

" ). But for reasonable values of B and D at high ener-

gles, their high energy contributions to the differential cross
- I3 -




section from the threshold up to 420 MeV ars suppressed {the ampli-
tudes B(O, and D'” enter with a higher power gs® menta in com-.
parison with the amplitude A m)." Thersfore, only the high energy
contribution to the amplitude .ﬂ @ may be essential. It is impor-
tant to note that from the data on the ratio of ¥ and x‘f differen-
tial cross sections at high energies (see Pig. 5) it follows unam-
biguously that the magnitude of the isoscalar amplitude at 3—11_1 f:l
is small and at H;|~(0.3-0.5) (Geﬂz is essential. Just these va-
lues of [ correspond to the large angle production at Ey=350 and
420 MeV. Therefors, the high energy contribution to the amplitude ﬁm’
has the necessary dependence on ﬁ which permits to describe the da-
ta on Tp-mx"’ at energies from the thxfcahold up to 420 MeV.

Thus, the consideration of the high energy contributions
to the dispersion integrals permits to describe the data on the reac-
tions Yp-rnx* and TR px~.

Let us note that to obtain an agreement between the d.r.
predictions and experiment for the reaction Tp-—» Px* in /u/, it
has buq also taken into account the high energy contributions of the
B and & poles. In the resonance region {where the background is »
low) their contribution is insignificant and becomes sssential near

the threshold.

5) Conclusions

The highn energy contributions to the dispersion integrals
allow us to remove the discrepancy between the d.r. and experimen-
tal data on the reactions Yn px~ /1-3/ on the assumption that
T-invariance is not violated and the data on the direct {¥n — pe—
/2,3/ and inverse (xp-ny )} /I/ reactions coincide within the

-I4 -



limits of the errors.

Eowever, the experimental data on the reaction Ya— /31"‘
- have been recently published by Fujii et al /I9/. Thase data sharp-
ly disagres with the results of the measurement of inverse reaction
x‘p*ni /I/. If these results are cbrract., then the centre of the
problem will be shifted from the question .£ 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 XA ?suttorihs phases by the unitarity condi-
tion) and the application of d.r. becomes model dependent. For fur-
ther analysis, new experiments on the resactions s Paz‘ neaf the
A(I236) resonancs are necessary.

The available data on the reactions Yp-px® , Yn—» P,
TP—r}z x* do not allow to establish the existence of the isotensor
electromagnetic current /10/ with confidence. A reliable conclusion
on the existence of mmisotensor current in pion photoproduction may
be ‘done when new experimental data on the reaction ¥n—n»* in
4(1236) resonance region will be appeared. The comparison of the
difforeut.ial cross s-o.et.:l.ons_of t.ho. mct".ions XF-—v P'Jr“ and Ynonw°
in the resonance region will allow to solve this problem unambiguous-

1y.

The authors are grateful to 8.B. Gerasimov. S.G. Matinian,
V.I. Ogievetsky and L.D. Soloviev for useful discussions and G.R.Gul-
kanian for the help in carrying numerical calculations on the com-

puter.
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Fig. 1

Pig. 2

Fig. 3

Fig. 4

Fig. 5

FIGURE CAPTIONS

D.R. predictions for }_ and t.he’ent;perimeﬁi:“al data at
Ey=200 MeV. The thici and thin curves are the d.r. pre-
dictions with and without taking into account the high
energy contributions, respectively. The éxper;ipzental, da-
ta are taken from: O - /3/ and /20/;e@- /21/ énd /20/;
O -/22/ and /20/ ; X- /23/ and /20/; & - [f22/ and /24/.

The same as that in Fig. I at Ey= 280 MeV. - o -/3/ and
/25/; @-/2/ and f25/; & -{26/ and [25/.

D.R. predictions for: 2. and the experimental data at
E4=350 MeV. The thick and thin curves aré"“thg d.r. pre-
dictions with and without taking into account the high
energy conf.ributions; the dotted curve (I} is the contri-

- ) . ‘
bution of the imaginary part of HC in X ; the hatched-

-dotted curve illustrates the discrepancy’between the

d.r. and experiment. O-/3/ and /25/;-X-/2/ and /25/;
® -/1/ and /25/. )

The same as that in Fig. 3 at E‘(:azg MeV. @ -/2/ and
/28/; ©-/27/ and /28/.

The ratio of X and T+phbt0pro'dﬁction cross sections

taken from: e -/29/;: & -/30/; 0-/29/.

-~

at Ey=3.4 GeV, EI=5 GeV. The experimental data are
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