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Recent exparimental dats on single pion photoproductiontn
the 8 (1236} Tescnanes regica are disewssed. The role of ine
‘high energy contributions 1nto the diupersion istegrsls are ang- |
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1, Introduction f
Recently new oxl;arinental results on the ﬁx;z p&T - anda-n-onf‘
rsactions in the first resonancs region have’ been obtained and :
diacussed extensively /1-6/. rhena data 'ou.l.d pemit to test the ]
properties of the oloctromgnet c current of hadrons: the isoten—
eor rule alsi /1 =-6/ and T -:lmar:lance, However, as it is dis—-,
cussed in detail, for inatance, 1n the review papeur 777 the ex-(l
perimental f}ata are unsatisfactm since ,here ere direct d:l.scre—
pancies between the reaults of varim ‘roup- '
‘I.There is & dincrepancx betwaon cm—n—x /8/ and UCLA-LBL
\fﬁ,w/ data on the IP*!"L iiffmtm cross section; at By = |
| 354 Mevy (E%’ :is tha photon m nnugy ror {n-'-Pﬂ' ) the data
19,10/ are syatenaticall: 3—5 _)vb/sc higher tha.n ‘the data /87,
2, In order to cbtain tho :n-——pﬂ' cross section from the
ratio /7 * measured on deuterimm (Tokic /11/ and Bonn /12/) da-
ta measured’ on h;ﬂrogen are naed. The f -photoprodnction data
(Grsa,v f’ﬂ[ and Bonn /14/) are in din,gre-ent with each sther.
o 3,Thoro 13 a 10—-155 di-mpuncr ht'oen the DESY /15/ and ?raa-
cati 116/ mrmt- on a'd --pr crosu sections.
_ !hcrofore, there 1: Bo zeeaaon to connider any t:lne roversal
-:hwa.riance violutiom in the [n-‘pﬂ' roactions in the A {1236)
rogion. Belmv uni.n; the available datl we ghall study the proper-
tiu ot the electromgnoti.e currant undar assumption that T is
conaervsd ' | . o
Let ua underl:ine. that theoretieall;r thore are tlm indcpen—

dent ways to eati-nte thn contribut:lon of tho isctensor olsntro-—
magutic current in photopmdmuon 1n the A (1236) region:
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1. Using the data o the reactions /17/:
=PI,
yp—~nd ¥
yns PEN
2. Using the data on the resotions:
re~p¥ o
gn*n.‘l L o .
The neutron crou uwttonl m obuinu from tht meansured
douteriun data in two mm (AR S .
&)From the maﬁff/ﬁ! ratios on deuterium and

( (¥r=ndl 1/“‘"‘ (ap pﬂr'))
‘ & b) Pron the rnct.tom &fd --mli in ‘thc spectator nodol. As
it follows from tho uporimntml reaultn on the ratios

) /(3;35»;;99:--; Jo el et

| (g-é—(tp- nﬁf‘)’a '/("—i-é(ifﬂ:**ﬂﬂ'—*)) | 720/, the
| corrections to the apectator mdcl ere esauntial end equal to
20=30% in the A (1236) region. Therefore, one must take into
account these corroctiqnu vc_are‘?ully in the ;malysj.s of the neutron
data. The double écatt'éring effadts in pion photoproduction on
deuterons in the A (1236) r«mgion at largo anglea ( 6., 90°) are;
caleulated in rof./21/ .They el*rpletizz the nature of the angular zmdF
' energy ‘dcpajnd»enqs_ of thq ‘da}ta 7 1&720{ « Aecording to/21/ one may
expect, thﬁt the data obtaineil f‘?bhi the measuread .‘F}ﬂ* ratioe on Q
deuteriun (Tokio / 11/ and. Bon.nx / 12/)and ( %—'—L—i{—ﬂ%‘; _(Darosbuﬁy
,, p—pi°/a, :

- 18/ and Prnut:l. /22/) are not am:l\tin to rescattering correc

-h-




t;ioms’.
Therafors, in order to ohtain the :lsotenaor contribr.tion nm?
a0y separate the following set of data vith varioua gensit tvltiaq

1

to the deuteron com act:lons. :
I. The only proton duta on the roactions xp——p&"ﬁ' yp»n¥* %
and FP~~yn, as it 18 pointod out 117/ these data are suﬂ'lciam\‘

for this purpose. . . } }
IXl. The proton data on 1Y) mctiona p—- p&T' rp_.ng'f and
date onin—=p¥ from measurs 31‘?3‘; to on deuterium {Tokic f11/

and Bomn /12/3. K

III. The cata on { QJm ~om ST "4’5&*;;5?" ‘. »asbury /18/ an& i'r'an;--
cati /22/). T

Iv. a)The dsta on a’py»pﬂ"gp—-"rtﬁ—‘"* ‘éht}ained on hydrogen &nd

Knu.pf derived with the spectator -odel rrom the data -on the
reaction yo -=pp¥~ (DESY /15/ and !'mcati /15/). o

b) The data on ¥p—pd; Jp—a-nST * obtaincd on h:drogen and
yn-~pFcbtained i’rom the Jd —-ppﬂ' data tnkins into account the
deuteron corroctiona a..cording to /20, 21/ + The comctions some-~

what increase the gr.»pSf croaa aectiona measured at Prascati emd

odas
-

DBI, houever, they do mt change tha magnitude of the isotensor
cont. ibution obtain&d with thess data. ‘

To obtuin the i-utonm contribution we use the fixed~t dig-
persion re lations (DR) Thc procedure of the application of DR ia
ducnbod in Swtion 2. - . . -

!mo aml:tia /1?,23/ ahous, that the only uaontial uncer. -
tainties in thc DR prcdictiom ror the ehargcd p:l.on photoproduc- ,
tion in the A N 1236) ronon.noc region is connectod with the

high snergy contrnmtion- (m) into DR lnd with hotuuor cur -~



-

rent, Let us underlino. that the 1ntroduction‘of thi osaénﬁnl r!EG*
is necessary for the description of the gn -p.‘ﬂ' data at E;{ = 350~
450 MeV and 8> 90°. Por instance, the dirteunca be;twean tho m
predictions (without HIG) and the erw-pﬁf u:pcrmntal cron s-e-;
tions is 4-5  ub/sz and B-10 J:'b/sz :l.'or By = 356 HeV .0,
= 180° and £y =400 MeV, @ «180°,. respectinl;r. As it is shom .
723/ the above mentioned dlaeropancy is connected uinly with HEC
and depends weskly on isotmor. -

Thus, we think that estinat:l.ng the iaotcnaor contrihution one
sast clearly amlyse the origin o:l' the diserepancg b«twten the DR
predictions and the axparinent -nd cam out d-taﬂ mlxsil of
the energy and angular d:latributim tukiag into account HEG. ‘l.'ho
dip test /2/ igmu the inﬂum ot ch on the energy stmcturc
of the " ana F~ photonroduction total cross section difference in
the o (1236) region. Por instance, the !'rascati data /16/ result |
in ~ 10% isotensor contribution according to the dip test (X =
‘0,2/2,16/). Hovever, thc anal:aia shmra, tm the discrepancy bet-
ween DR and tlus experinent (soe table I) at 3 =< 350 MeY may ba
;axplaincd only by means of HEc rithout arq isotonaor current, at
‘B > 350 MeV the data /16/ '»cax‘z'no't' ‘beA described satisfactorily in
‘our appioach with both iaoteneor contribution and HEC. ,
| In spite of great number of the axperinents the data of some
agronps (see table I) are not cf.‘plete enongh to estimate the iso-
tenaor contributiog. Only the DESY / 15/ and Bonn-Bonn / 12-14f dats
Eaa:t-e auﬁ'iciently conplete and using them we obtain a zerc 1aot0n!0r~
The Bonn-Orsay 712,13/ (due ta /13/) and GER!-L—! /8/ da.ta are not
iconplete and do not exclude a 10% wh:lle tho UCLA-LBL i10/ dat- rﬁ!

sult in 10% isotensor contributio Thc xu-n.gf data /22/ Ji‘&d ;
‘ . - 6 - T ) ._'_,,, s



\? 2 3)X isotensor contribution {G.Shaw /7/).

2, F the Proble

Let us consider the _procedure of the description of charged
pion photoproduction reaction at EE‘ 420 MeV with the help of thq
fixed~t DR and analyse. ‘the uncntaintios of this pracedure. The :

pion photoproduction anpl:ltudon have tho rollowing isotopic struc-

ture /6/: , . SR
(xp-pﬂr"‘ T (“"’+ £h' ) *“J”
H “{“ _’dﬁb) H(#} ( W a H .(22}
(,p*nsrﬂ-r[g ” ] (3
H (5p - pﬁT '/_' [ (4)
where AT ‘
HM (HL-«?H ) H = 3 (Hz H ) (5..)"'

Hi and H% are the imoctor s-plitudos corroaponding to the
trnnnitions 1nto the finel states with isospin I ana I=2 ,H‘°’
anda H' are the 1aolcnlu.r and uottmor ‘amplitudes , respectively.

1. The iuginary partn or the anpl:ltudes (3) and (4) are de-
ternined by the rnonuu:e -ultipoler: SRR o
CoMEgbomm o | (6)

1+ e, M'H—; ”t'-:'i
and by tha followins conbiutiona of the 1owest nonrssonance ml.-

tipolos

SR S TR R 7*, M
Eo+ ?;H'i-' » Eoc- - 3"?_"on4'@ “1-1 Y Nf_- . o

P . O s O



In this esergy region the costribation of the romeimed mmltis
poles can be meglected aimce soocarding to the nmitsrity comdition-
their imsgioary parts are proportiooal tothecmwpmﬂin“ll
phases of AN —scattering. P

2. To determine the real paris of the ssplitades (3} uiu)
lot us write the fixed-t DRk for the invariast msplitedes (we use
the notatiom H of ref./24/7) ceparatimg MRC:

o
Hiv.t)=R{1_+ 4}, P | 1 |
ReH({v.t) R{‘..*;:;)*yj 3"'_".“" [ FUETU R.
£,(t), it isea y evem mplitude,

3 -
‘l’.(tj-\{- ,itH isa v odd smplitwde,
Here " |

v vt
'JxEl- V|, v'— K& ;&. = - *.", v.:-.v"
S fem

e S I, Vs Ve 16V,

-

K and cbarethephrtonanipiénmne.-.,ﬂ,htllpm
wnmmud}mﬁ“mpiuu,lhth
‘Borm residue of the smplitude st V==Vy { {tjwsid if, (t] are the
"mnmmmmmvwmtmuthagm
mymmdcﬂrtaﬂmeﬂlu'

M‘%’ Tm H (v‘t, &, 9
AUE -—jv- (rit) % ;' dv (o

The mmplitudes CH' ﬂ"’ | ﬂmbm 4 Dm 2 q._a .
- {tize notatioms of ref./24/) are V oven in:ut ih’nlitﬂca

- -



ﬂ‘ ]Bl lﬂ‘ ! sl C"’ 1 "’m odd. Thersfore, to describe §F !
M.ﬁi“phntmtlu .'I.t is mecessary to imtrodace the fcllowing
high smergy ixtegrals M to thaess smplitudes:

l‘:(’%,'f“t,l "5 (t): ".a ‘f))' tﬂ)

"‘ (t), ?o (t). % (t), ¥ (t) - (12)

I» integrals (8) from tireskold wp to 0,5 Go¥ we shall take
inte comsideration the costrilatioms of tir waltipoies (6) and
{7) . Te have ostimated the ressimed imteg-:ls from 0.5 up to 1
Ge¥ by Walker /25/ amalysis. Thelr comtribution to the Tinal re-
sults doss mot excesd 2. ’

hﬁtmmmo,ﬁwmik!fﬁa!hu—higﬂtytm
to!'“ (1470) resomance. th&hiﬂommm
of this embigmity imcluding itiltoth.m(ﬂ) (12).

hhl‘?i’](mmtrihtimglmbythemmm
-ltipoln('l)to:: ummmzs.wehavetakuue
maltipoles (7) st £ L n,f'i-o nm ror.leI. o

m,imtbmﬁ-wahummmtm
n!-ni"' amd 3n P~ at E“ mmhymofmthem—
sult iswmtmdtﬁ.mwu (5) (u)am(zz).
mummmw-@ihﬂumwneﬂwm-
ce-teinties eometea 'iunth-. o

mtm“‘mmmwdatnonthe]p-.nﬁ*,

]l-ﬁ-t!tfmti.lmmﬁmlwmntm:t{' t."
-0,125 Co¥° corresponding to E‘-asom-a Oc_ﬁ.mmm- |
of this wvelwe of 1 hmtd'iﬂuﬂcfntﬂ-tthedatnat

151.r =350 Be¥ amd 9.-__:90 are most amlti-etotnemtme@-



tridutden. For ¢ values corresponding to other angles at Ep ='
: +

150 MeV tha differential cross sectioms on the reactione ypwnil

and 3u~w-Pﬁ"hre less wvenvitive to the isotensor contribution and

b

determine wmainly the valuerr 27 high energy integrals /23/.

3; Hesonance Mgltigolas

The {p~*;hﬂ expﬂrimental data having emall backgroznd from
nonresonance multipolas in the & (1236) rngmn determine weLl
conhination of the resonance multip91°8 Lor“eapondlng to th;s !

resction, .
For M, (a‘p-—p.‘ﬂ'}we take CGLH aolution /21/

.+(n>-PW‘} (M"’" ‘,”...--”‘(cGLN) 13

which describe well tho xp—*pff dnta ‘and are in agreement with

all DR solutions, Ior 1nstance,’w1th\oneg of rer.. /26 27/ .

For the reaonance a:nplituda

, ) u: (133)
he Xp -ﬂpjr data. lhe |

uncertainty in Sf -photoproduction;differ ntiﬁl cross sectiona

connectad with the ditrerences between these solutions is wnhim
the experimental. errora. The nnalysis has ahown, that the esti-
mate for the isotensor contribution doea not depend on thls un-
certainty. Our resulta corr.apond to the solutlon /26/ for (138).
The resonance ilotensor nmlt:lpolu M;ﬂ and E 7} satisfy DR
with zero Borm tem The solntions of -uch DR coincide practical-
ly with the honogonnoua solutions ahtainod in rer./27/. In our "
calculations we have used aolutiana ginn in rig.ﬁ of rer / 27/. e
- T0 o L e i



Since thelr height is arbitrary let us define M ":I and Efﬂ_ﬂ in the:
following way+*:

i), (hOr-mg) (rl f"am
My (Ey)= XM, By, By (Ex) =B (B G
shere at £ y =350 Nev
! ﬁwmog] F(homag} M (CGLN) | : s

\ oy . v
It is shown /17/, that yf is small (y.,n- - 3-") + Since the
cross section energy dependence on Y (ses table I) has the same

resonance character as the dependence on X+ further we shall con-

sider the estimate forM{ }asuuming yrc*; 0.

4, High Energy Contributions

Taking into acuount the h;i.gh energy 1ntegrals/ 11/ end /12/°

it appears, ‘that (f t, } at £y < ?\ 420 MeV is descrlbed by the fol-

dR .
lowing combinations of {H (t) and G (t) at t = to:

L (17)
AT p (t,)= ,hfooa 003)Vf+(0f 0,42)V&p+(oae ool)vfz,

fﬂ"rfé&-) { {07"085) 0‘—00“)V0?5+{ Oolf 007) o

where Vp = 1 Gav, Fﬂ(to) and F ( t } are dmensionlese quantitles.

* The relation batween ac and :t introduced by Sanda and Shaw
/2/ im: x --23:.,7‘ :

- 1]’;'-



In these combinations the comtributionas of the high emargy
' integraln § , [ U, and tf, are strongly suippressed. Becemes of
the sasllness factor %‘- in f, ond . (see (9) am (10))c-n mey
reduce (17) to the combimmiions '

Srlt)=fe0i %l TE(t)-f r0aTt. B
"thus, ¥ -photoproduction differeatial cross uet:lo-- at 1=,
andF =< mleimdﬂmmb:mdtmm”-
tera: X, F(V.), (t.}

fox Differeatisl Croeg Sectjoms
 fhe results of our calculations for § -photoproduction dif-
ferential cross sections at £, =< 420 MeV amd t=t, = - 0,125 cov"
.obtained with the help of DR (8), mmltipoles (6) and {7) amd high
energy integrals (11) amd (12) ave givea in tablea I and II. The
differential cross nctioutak!ngintomt only the main cor-

actions caused by the isotemsor and lﬂ@ snergy contributions mmy
be preaentul:l.nthefct-: ' :

[n.fﬁx'i-cgrfdf ‘i.}i—!F (t.}] (13)
The va.lnn- oga, i.e. é—-‘i— fur =, = Y - ‘-F=Ou well as thg

values of the paramsters G.cdemgimutu-mu.

Note, that the coatritmtion of X, to 9 (1p__u3fic smeiy
' since according to (3) amd (13)-(15) it is i.tu'lin.d only by the
_g-ontrimtion ometo the m—ngau- part of the imtegrals (8).
Fhe comtribution of X, to i lp.—-P!) is determined moinly by
khe contribution orM,‘I’to the imaginary pait of the qlifmh‘(#"'gg
hod has a resconamce feature, . 12 . ;



v

#rom talle [ it is seem, that the cross section dependenc:
‘om tbe imotemsor comtributioms X, msd Y, Giffers essentially
from the depemience om the high ~mergy imtegrals F, (t)anaF(f]
H4C to the croes section decrease -oothly with inemu of the .
ssargy while the isotenmscr comtributiom to Jn—-p¥ has a resomance
shape. Therefore, the sxperimenal data om tho:p.-nl*.u;u—-p!?
differential cross sectioms allow to determins the isotensor con-
trimtion. |

Gy Lom Isote Comtri-

butijop spd Piscussiom of ths Results

The thearstical predictioms om the n—+p¥ and yp—n¥ 'cross
sectioms allowing to taks into comaiderstiom the isotemsor :.d
high smergy comtributioms are givesm in tables I and II. The ex-
perimemtal data of various gwp-o'nturuetio-;p-uj‘“
‘n-.p"mdmgim.'uhuthmn-lht.lﬁllrmu-
tnpol-timtotbm.nlumm Meo-dnim-, the
magaituie A{“ &P} (th- differeace between thout,y st~y =E~f=0:
mwlmmt-mmmmiwtmmm
energy cowtrilutions is givem. '

wﬂewhhfndlthemginotthetable
1 weuld allew to shiain unembignos sstimatiom for isotensor cur-
reat. We hope this table will be useful for the experimentalists in
mummmmumuthmhalpor
more complete ntnro data.

Lot wa comsider ihe dctmrh-tiol of the not-nuor contri-
mmmmmwu&. '

—B..



1, Boun-Bonn /12,14/, These data ars complete sufficiently ;

for our eatimations: they cover the necessary energy intmﬂ\. The
A{%‘,“P] enargy dependence has a nonrssonance -habo sud is des~
‘cribed completely by HiC with X, = O o

2. Bonn-Orgay 712,13/, Nete, that the Orsay yp- —nﬂdata nee&

easential HEC (see table II), while the Bomn dnta /14/ do not need
HeEC. The Bonn-Orny data are incomplete (due to /13/}, tho;r do not
exclude a 10% isotensor (X¢ =0,1). However, these dats casx be
described only by HEC, To obtain reasonable estimates data coverQ
ing all the energy imterval are required. ‘

M The data are nutficiontly conplete and exclude
isotensor contribution (Xr =0).

w The theory gives s poor description of
these dnta. AtE 350 MeV they can be explained only by HEC
(without iaotonqor) while at £;> 350 KeV the data /16/ cannot be
described satifactorily in our approach with both viaotenrso‘:t‘ and
“high energy contributious; In view oi’“thue uncertainties it is
‘clear, that from the Prascati data we cannot infer the ,exiﬁfénce
.of an isotensor ocurrent, These deta need corrections in ord.or io.
obtain eatimates for isotersor contribution, -

22 UCLA-LBL /10/, The data are incomplete. Nefertheleu, they|
permit to make a rough estimate of 10% isotensor (X, =ofjIt is very
desirable to obtain date at lower snergies.

5,CERN-1~1/8/, The dita ars very incomplete, A rough angular

extrapolation is necessary in ordor to use them for our purpose.'
These data are compatible with X =0 and can be grphinoi °Pl"

by high energy contributions, . _ _
' The authora are grestful to S. a.ntuuan,v I. o;uumq anc

L.D.Soloviev for _mm_d.tmnmnn.
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Toble 2 : i

vatuee of pogpivieters (n formuls (19) and sxperimental duts Lo IP—- ot reaction

. ] sxperinent .
I b 4 ” I
‘,.IT.!}_ “e"g * ¢ * fem 14/ oreay 13/ :
ey ."4 . . o ‘ J ll‘ .
» 9% (4) 25 (4
2as jmo® J1s,8s {s,5 |-15.2 30,0 10,0 |130%t0s ’ ‘
20 1M* Jms1 a2 f-139 Jwo, 0 {2130 16,06 % 0,55
280 |122° 20,93 |28 §-13,1 l2e.6 }31.6 20,90 £ 0,68 ,
0 (110 }as,29 L8 j-r,6 1253 f109 x,20 % 0,7 20,0 an .
20 hie  ja3.1 LB |29 [a2,3 § 99 22,57 X 0,71 20,0t 0,6
350 190 8,55 2,8 (8,2 19,9 8,1 17,20 % 9,54 I 662t
M0 (82 12,95 (AL {-6.1 17,5 6,2 3,13 % 5,00 oI, et o
420 1M, 319,55 5,9 |42 15,9 #,3 9,65 Ly, 2 9,3t g,3

Pepaxtop X.M.Mykann ‘
© Saikaz 0945 v 54;5-‘_;“":‘._?_5'5 Tupax 500
Jomiwcane x neuars 20/XI-74% r, ®opuar N3AAHRE 30 x 40
1,5 yu.msx.x, 1.I0 x,
Ornewarano na poranpunre ;>
Epcsancxoro jmsmsecxoro MacTxryra, Epesan %,nep.uapxapﬂﬂa 2 /
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