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It s well knowﬁ that the pion photoproduction on nucleons in the reso-
nance region gives information on a ~ N ¥ -couolings which are impor-
tant to test the quark models predictions and obtain a more reliable classi.
fication on nucleon resonances. This information is of particular interest
because contrary to 5TIV -scattering, where the absolute values of ampli-
tude /’\; ~—~ N5 are determired, in the pilon photoproduction on nucleons
not only the absolute values , but also the relative sighs of the i-»N,)’
and RJ -~ NG amplitudes products are determined.

A few analyses of data on pion photoproduction on nucleens[?-gl using
different phenomenological approaches are at present performed. However it
ts difficult to establish from these analyses which of the obtained values
of ﬁ; - N ¥ couplings are model-independent and follow from the quali-
tative characteristics of data available. Therefore it is complicated to
single out amplitudes whose values aré of particular importance to verify
“the quark models predictions. '

A1l the analyses [;:3] are carried out under assumption that one may
neglect the non-resonance contributions in imaginary parts of the phase-
shift amplitudes except for A,, and A,. . Such an assumption in the

11 and 111 resonance reqgions may be justified from the analogy with the




results of KN -scatterinc phese-shift analyses (see, e.9. [l'J]). In this
work ve want to sinale out a group of amplitudes A [;J’-'- P¥) whose
values under this assumption are independent of arhiruities in different
analyses. Specific features of resonance behaviocur of experimental data can
directly be put in correspondence with these arnclitudes and they are well
determined in order of macnituce and sion fror the data qualitative analysis
being independent of the nodels used. Here are related, as is well known,
all the amplitudes ﬂ,:/e ) ﬂ;/e in the 11 resonance region (see, e.g.["])
and oractically all the amplitudes ﬂg/e in the 111 resonance region.
From the data on 2 ( P-.‘)T P) one can conclude on tne positiveness of
expressions ﬂ’ (S41) +/4 (33,) and ﬂa, (D43 )* Az_(z”)in the

I11 resonance region.

I1 Resonance Reagion

This region is determined by the resonances Pu(ll‘lo) , 511(1535) and
013(1535). The Su(1535) and 013( 1520) resonance masses are known suffi-
ciently well and define 2 centre of the II resonance region at

Ey = 0.73 + 0.80 GeV. The 911(1470) vesonance mass is determined more
poorly, there are given [l ] the values 1.39 + 1. 47 GeV for it, ftis width
being 180 »+ 240 MeV. For convenience we give the expressions for the obser-
vables a‘!g- v & » P and T through the multipoles ,4, ’
,40 . Ae. and Bz- which correspond to the resonances under ques-
tion. We take into account in P and T the contribution of interferen-
ces of these m:ltipoles with ﬂ,_ and B,  ones of resonance

P33(1232) which are essential between the ]I and II resonance regions.
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where K  and Q' are the photon and oion c.m. momenta, £ is the

pion nroduction c.m, angle.
of rescnance 511(1535) it

1. To determine the value of amplitude ﬁf/e

is conventent t~ rake use of cata on M -meson photoproduction near
snresnold, The oress section of this process is of strongly pronounced re-

sonance nature {Fig.1). Its {sotropic character and tn: absence of forward-

dackwarc as;rtretr: (Fio.2) are unambiguously interoreted as manifestation

* resonarce S, 1(1 538) [11]‘ Hote that this resonance is feebly marked in




KN—. Noy » owing to which it 1s difficult to separate it from the
non-resonance background. Because of this there is 2 great difference
in the values of amplitude ﬂ";a (S41) obtained from the data analysis
on yN —= NT alone: 30+ 100 10-3@ [‘-9].
The absolute values of amplitude A ':/‘ (S11) obtained from the
yp~pn U :
JW » which gives for the muitipole ﬁi", (511) in reaction Kp-’pﬁr
the values 0.54 #+ 0.67 VIFJ . This amplitude sign is discussed in what

data analysis are in a narrower interval: 80 ¢ 100 1073

follows.

2. A characteristic feature of g%- {yp —pJi ') in the 'II resonance
region is a distinctly proncunced anguiar dependence with a maximum at
e = 90° {Fig.3) which has a resonance character {Fig.4). This depen-
dence is less marked in ¥P — nﬂT+ (Fig.5) due to a large background
connected with the electric Born ampliitudes. Taking into account the va-
lues of multipole AST:(S ") obtained from the Yp -—pf data,
one can readily see that the resonance behaviour g% (Z{N—*Nﬁ) in the
I1 resonance region is unambiguously determined by multipole Ba- (013) .

3. P and T observables in P — p5|'° are of explicit resonance |
character (Figs. 6, 7). Their behaviour a.t 6 = 90° 1s determined by the
interference with multipoles Hiﬂ: (Rs (1233)) = 1, 7\/;5 and
Bﬂ (Pa_.‘ (1232))‘ =-3,6 \/]TZ and unambigugusly determines the
positiveness of multipolas AET: (Sy) and 5‘2_ (Dgy) . This
fixes the positiveness of signs of ﬂ"/,e (S4) and A;,a (Ds3)» and

hence we obtain:
P ‘ R
Ay, (Sw) = 80 + 100- 10 > [Gev'; (5)
Ay, (D) =130 + 180+ 107> YGeV .
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The obtained conclusions on signs are confirmed by the data on
z (KP — ng°) (Fig.8).

4, The behaviour of a‘-"-% (yp—~pH* at 6 =00 and 180° in the
I and II resomance regions is determined by multipoles A,. ., A4- , A4y
and Aa :
dé ° e - *" (6)
%K (01807)=/(Ar-2A1) * (Ae-2Re) [+
In the first and above-resonance region we have -5- ( 0 )>36 (480 "),
which is connected with the interference of ﬂ, v P“) with positive
background contribution to 4M . In the P;,(1470) resonance region at
Ey; = 0.6 + 0.7 GeV (Fig.9) :3 o( 180) begins Ancreasing, which can
be naturally explained by the interference of ﬂo«» (background) with
the amplitude ,qf (P (M?o)) {f this amplitude is both pos'ltive and
not small (~ 0.3 + 0.5 u§ ). The contribution of amplitude H“ (Pss)
in this region is already not of significance. Further on as the energy
{ncreases the contribution of amplitude ﬂ° . (S" (1535)) begins
manifesting 1tse'lf which results in further increasing .'ié_ (180’)
and decreasing d (O ) . Here the amplitude H., (D“(qsao)) must
be small and not distort the contribution of amplitude ﬂ (511(1535))
Thus, following the behaviour of d6 (%P —-p37) at © =0
and 180° one can conclude unauMguously on the suppression of amplitude

,41,! (2)13) as well as on the value and sign of amplitude ﬂ"e(P")

(7)
Ay, (D)= 0




ﬂ (P,)=-(5C+90) 10 * VGev

Tre III Resonance kegion

Tnis region is determinec Ly resonances 531(1659). 511(1700) .
013(1791'.‘,‘ R D33(1670) . 515(1670) and F15(1690). whose»masses are well de-
termined. In the centre of the III resonance reqion ( Sy =1 ¢ 1.05 Gev)
only imaairary parts of the corresponding muitipoles contribute. Apparently
tne 111 reconance region involves also resonances Pj4(1690) , P,1(1780) and

P.3(1213), whose masses are cetermined with large errors. Multinoles Ao, ,

A1- ' ﬂu i 51' ' 140.- ' ba-. » Age s Ber » :45- ’ B,- with
I:% » and ﬂo. ' A1¢ ’ 510 ] AZ‘ ’ ba_ with Ia%

respectively correspona to these resonances. Let us give the expressions

for the helicity amplitudes using these multipoles:

{8)
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1. A characteristic feature of differential cross sections of YD~=pJ°
are yP —=nd" in tne ITT resonance region is the structure with maxima
at & = asg®

~

and 1359 which is of strongly pronocunced resonance charac-
ver (Figs.i2-13). At tne same time at © « 2, 99 and 180° the resorance

structure of tnese cross sec.ior; 15 feebly oronounced. These features of

tag resonance behaviour of 53%— are ~¢st naturally described by tre ter—
=7
ls‘fa«r ,Z‘,]a( 4. its contribution to de is

d
(%)

I}

. 2 2
s (15,15 121 = L ain'S Re{[&agﬁz.f .

an
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dé
2. It is seen from (9) tnat the structure of 2 with two rasima

can arise only in tne case when multipoles B, (2,5 {165 O)\ and

63_ (F15 {16 go)) are nonzerc. However from the symmetricity of
a6 (/P ——PS\") in the centre of the Il rescnance recior at
dst M-

Ex = ] ¢ 1,05 5e¥ (Fidg.10) one can unambiguously conciuge tnat one cf
these multiroles must be suopressed. Indeed, at %hese arercies we have

-3
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where
x,.-Re{[g (Dys) + By (Dys)] b (Fip) *

+[BY (P) ¢ BY, (Ry)]E] (0,5)}

(11)

Making use of this relation we obtain for the cross sections differences

s‘ o so
A= déus (457) - d6 'u-; ) 60') (12)
Aai d6u5 (135 ) d6 ’&5 (120)
the following
a4(8,) = {’53- (Fis) I ’Ibu 15)’a ﬁ':' ¥ (13)
%Re[ba, 15)53— (Fis)]}’ |
where '
Y= Re{[B (Dis)"’az- (1335)] (1315) (14)

q° 9° GO
+[bq+ (Pﬂ) ¢ B‘H' (p33 )] 63~ (F‘!S)}
One can see from (13) that even not large in value interference of am-
plitudes b (;D'S) and Bb- (Fig)  breaks substantially the sywme-
d6
tricity of o (xp—PS° ) in the 111 resonance !Tegion, hence we have
the following two solutfons:

- * . g
T} 1B (Fw)j 203+ 0mkE , B, (D) =0, (19

- 9—. )
() 18,, (D)x0.2 7 0IRE, Bl (Fg)=0. (o)

For the botﬁ solutfons from (10) we have
Xge = O. (17)



All the analyses avatlable [1-8] are based on solution (I). As the srqu-
ment tn favour of this solution is, to our mind, the behaviour of
(KP" pF°) between IT and III resonance regions , where

%651» (45°) . as the energy decrsases, falls more rapidly than

ég_us (235%) (Fig.18). Such a behaviour of de == (sp —pJ*) s most
mtural 1y accounted for by the increase of the interference with the posi-
tive w11ﬁd¢ B,. (1),3(1520)) which takes place for the solutfon
(1) slone (see (10,11)). This interference increasing most essentially
affects the real parts of the amplitudes and this determines tne positive-

"O
ness of the amplitude B,. (F1s) in solution (1).

3. in the centre of the lIl resonance region the relation between the
sums of dé"'“ (45 ) and -d—é—‘-'-’ ! ‘35.) for X© — Dﬁi. and

¥ - n.JT* is determined by tre interfirence of amplitudes 5
and 5;’3 for solution (1) and 5;,- and 5g. for 50‘4‘
tion (I1I):

TO m'-b
4 [d&reslys®) d6 zes (1359 dd ey (“5°)
AR 5|74 Ty ]'[dn‘

ze N, ‘ { W
%__@_(13_5_] - L7 { B (Paa) BY " iF o) b,_- (25387, &)},

‘ A’ < 0, Sju&--
s.
This velation gerrits to find out tne values of amolitudes B, (F,,)

and Bz (Dss)  respectively for solutions: (1) and (II).

-4 -




4. For the further analysis let us use the fact that in the centre of the
111 resonance region -d-g—"ﬂ {(xp— ") at @ = 350 is aorreairate-
Iy by -2 40 as Mgher as at = 135%, Taking ints aczaunt (i5, 1
we obtain

Xgo '2"'{[5 Diy)- £ BL. (Dsy)] B ,(F,,)+ (183

. * s
+[B) (R,) - By, (Ra)]8,. 12y}~ 0,24+ 0324t

For solution (1) from tne comnarist.;n of relations (11, 15, 19) we find
unambiguously that anplitude 5:' (D”) is nonzero ana its sien 1s
opposite to that of b:'.. (F,s) . f.e. nemative. Note also that
in the 111 resomance resion tne cortribution of a larqe positive amplitude

a (2),3 (15 20)) roticeably affects, then reht'lons (11,17)
confirn our conclusion on the necative sfgn of amplitude Bc- (D33)
Fimlly , for solutfon (I) fron relations (11, 15, 17-19) we obtatn

[ B, (F(1690)) = 0,5+ 0.4 VAL, ﬁ:h(p;s)= 97+1ao-1o"JGz\2/0 i

B, (2,,(1670)) =-(02+ 03)VAE, Ay, (D53)=53+88-10 YoV,

‘[Be (:b,(mao))] Y (Dy(1700)) = 0,2 + 0,3VpE;

o~

{ o}

S
—

,B’,':(P,,(isso))[; 0,155t ;

\ bf: (D,4(1670)) % O
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In 120; [5:..(2),5\'15 2c)) ] & , s the contritution of resonance:
D4y (1520) to tre nulticole 5a- in the 111 resonance recion.
Tne valie of this contrivution §s modei-dependert ard we cannot find out
srarpicuously or its backcrouno the valué of ampli tuce 53. (D, (1700))
Tae exprassion Lau (Ff” (1690))] Py fs the contributicn of resonance
Pas (1690) tc the mltinole B, .,- in the 111 resonance region. The
value of arplitude B,’. {Pys (169 0)) , proceeding #ror its quality,
depencs upon tne resorance Paa (169 0) rass. The value of ampli-
tude 5:_' (P (18 from the differentizi cross section cata in so-
Tation {I) cennot be determined.
For solution (11} the relatfons {11, 17, 19) are compatible only in the
_ case when the contributfons of the both resomances P,y (1810)

P.s (16907) are essentfal in the [II resonance reafon:
B:, (D45 (1670)) = E- 0,3 + 0.4 J;..e ; (21)

B (R (1690)))_= - §- 0.2 + 0,3Vpk
=7 5 (18100, + §- 02+ 0.3VAT

'l:z: (2,,(1670) < G 15\/}3,'

B, (Fys {1690)) = ©

L}

A 5o
The sign E  of arplitude B, (D, (1670) as well as the valye
- of amplitude  B,. (D, (1700)) from the differential cross sections
data in solution (II) are out of determination.

. l3=



Thus, from the analysis of the resonance behaviour of differentiai cross
sections in the II! resonance region one can cbtain the two solutions for
amplitudes A :'2 , the results (20) obtained for solutfon (1) agree-
ing well with the results of 211 the analyses [1'8] . The discrepancies
with [3] are accourtel for by tie fact that in [33 only the data on yp-pﬂ'
are considered. ve erphasize tnat 211 these conclusions are under assumption
that the non-resoﬁance contritutions to the imaginary parts of the partial

amplitudes under auestion are neglicible.

5. For the furtner analysis and obtainino inferration on amnlitudes ,4?,2
it is convenient to corsider cata on Z (yp — p¥°) and Z (yp—nS*)
In tne 111 resonance region, for tnese quantities different sfons at small
and large angles (Fi9s.:5, iE) are typical. Such a behaviour of 2. {s of
rzzonance character (Fics.17, 18} /wrich 1s most pronounced in cdata on
Z 'yp —~27°) )} and incicates to the contribution and resonance
character of those terrs in & that are provortional to coa & and cos

L% us write out these terre:
(22)
Z ) - 5€°‘.‘ 955.‘1‘ 6 2
de gn -

o0 Zere

2 2Rgf.{5f,”+ana-)“-6:__3(ﬁa_+ A )BT, * (A= A,)8) -
- {54, 3A3.)B,, }.

The further analysis we shall make for soluticn 71} where Im 5a,= O

For this solution we also have Jm B, 'xp ~p3° = C  and
-g .
B'f“ (R, (1690) is suppressed. Hence, the exrressinn (22) for

—~——
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Xp—e7° 15 essentially simplified and we chtair ir the centre
of the IIi resonance recicr the following:

. i. ~0 i’
Z(UP—’PI’, - {{51,4,, ‘\Sn) -rj"l.:. (531))’3(,‘;. (Du)’ (23)

e E g
“ay DB (Frs) - 2[45. (Dia)+ha. ' Dan ) Ao (D1s)]-

By, (Pa)} = 2.

[ vl d

&H,
As far as amplitude 53_ ‘F,;.) is larse and positive, it fc1lows
trom (23) taat
q. . .JT‘ r (]
ﬁ;+ Sar T e S )? 0, (23)
S R & .
Qa- ”\13,’ -Aa_ (Dss)> “. (28)

If expressicns (24) and (2%) arve saturatec oy contributions of rescnances
alone, then expression (25) aarees with pregictions of a ocuark mode!, wril
expression (24) contradicts 1t. This indicates either to a2 Targe pcsitive
contribution of the ron-resonance backarourd to (21) {whick is ir accord
with Ref, [B] ), or to tne violation of predictions of the querk mece)
(which is in accord with Ref. (7] ). For a final solution of this auestiar.
a detailed phase-shift analysis of the experimental data is necessary

Since for Yp —=nT* two awplitudes 53. and 52_ are large ,
the analysis of exprussion (22) for yp-—Jl n 15 ambinuous.
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