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It 1s well known that the pi on photoproduction on nucieons 1n the reso-

nance region gives information on N ~— N f̂ -couplings 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 5[N -scattering, where the absolute values of

tude /V -*• Hm are determined, in the p1on photoproduction on nucleons

not only the absolute values , but also the relative signs of the N -*-N$

and N -*• N5l amplitudes products are determined.
fl-9lA few analyses of data on pion photoproduction on nucleons1- J using

different phenomenological approaches are at present performed. However it

is difficult to establish from these analyses which of the obtained values

of N -*--N% couplings are model-Independent ami follow from the quali-

tative characteristics of data available. Therefore it is complicated to

single out amplitudes whose values are of particular importance to verify

the quark models predictions.
fi-sl

All the analyses L# J are carried out under assumption that one may

neglect the non-resonance contributions 1n imaginary parts of the phase-

shift amplitudes except for /l0+ and /?,,_ . Such an assumption in the

II and III resonance regions may be justified from the analogy with the



results of S N -scattering phese-sMft analyses (see, e.g. L
n
J ) . In this

work we want to sinnle out a group of amplitudes fl (A/ ~*"Pj) whose

values under this assunotion are Independent of arhir.jities 1n different

analyses. Specific features of resonance behaviour of experimental data can

directly be put in correspondence with these anolitudes and they are well

determined In order of macnituoe and sion fro* the data qualitative analysis

being Independent of the Models used. Here are related, as is well known,

all the amplitudes Я'/г > А
&
!г in the II resonance region (see, e.g.\Pi)

and oractically all the amplitudes /Чз/
г
 in the III resonance region.

From the data on Z (xP~*
>
^

r
°P)

 o n e c a n
 conclude on tne positiveness of

#
 »ei ^ ' <~« _

#

expressions ft^ ( & n ) * fl (^31)
 a n d

 ^z- (^1з)
 +
 " г - ( ^ * з ) *

п t h e

III resonance region.

II Resonance Realon

This region 1s determined by the resonances P (1470), S (1535) and

D
13
(1535). The 5^(1535) and D.j(1520) resonance masses are known suffi-

ciently well and define a centre of the II resonance region at

tv « 0.73 «• 0.80 GeV. The P (1470) resonance mass 1s determined more
г 1 11

poorly, there are givenL
10
J the values 1.39 • 1.47 GeV for It, Its width

being 180 » 240 HeV. For convenience we give the expressions for the obser-

vables 4s. » Л , p and T through the multipoies /?
t
 ,

Я
о
«. » fit-

 a n d
 ^ г - which correspond to the resonances under ques-

tion. We take Into account In P and T the contribution of Interferen-

ces of these multfpoles with ft. and £>1. ones of resonance

P3,(1232) which are essential between the I and II resonance regions.



(3)
• Й >n ft ~

A*. + focoi QA\t As,-

where К and О are the photon and of on c m . momenta, Q Is the

pion oroductlon с т . anqie.

.9
1. To determine the value of amplitude Я у

в
 of resonance S ,{1535} 1t

is convenient t
n
 rake use of data on TI -meson photonruduction near

:,гезг.о1й. The cress section of this process is of strongly pronounced re-

sonance nature (Fig.1). Its isotropic character and tns absence of forward-

oacKwaro asyrxetrj (Fig.2) are unambiguously interpreted as manifestation

r
 resonance S ^ U - J ^ *• J. Note that this resonance is feebly marked in



у Л/-*- Nfi • «**
n
9 to which 1t is difficult to separate it from the

non-resonance background. Because of this there 1s г great difference
p

In the values of amplitude /?« (3 ц ) obtained from the data analysis

on % Ы - * - М Щ alone: 30*100 10"V GeV I
1
"
9
-".

The absolute values of amplitude /J
 t
, (&11) obtained from the

fill * i -3

^ p - * p i ^
 L J

 data analysis are In a narrower interval: 80 • 100 10

[бёТ , which gives for the multipole /l
o4
. ( £ ц ) In reaction jp-»pSf

the values 0.54 f 0.67 Vjul> . . This amplitude sign 1s discussed In what

follows.

2. A characteristic feature of ££r (jfp -*-p!R*\ 1n the II resonance

region is a distinctly pronounced angular dependence with a maximum at

Q * 90° (F1g.3) which has a resonance character (Fig.4). This depen-

dence 1s less marked In ^ p —— n5\ (Fig.5) due to a large background

connected with the electric Born amplitudes. Taking Into account the va-

lues of multipole / )
о
+ ( £ > ц ) obtained from the yp —fP\ data,

one can readily see that the resonance behaviour 2U. (x^-»-/Vsj) *
n
 *"

e

II resonance region Is unambiguously determined by multipole

3. P and T observables 1n Jfp —• р5Г are of explicit resonance ,

character (F1gs. 6,7). Their behaviour at Q • 90° 1s determined by the

Interference with multipoles Д. (f^
a
 (125Ь)) = 1,7ч/*& and

Ь.
+
 ( ^ ( ^ 2 3 2 ) ) • - - 3 , 6 >(/u 4 and unambiguously determines the

positiveness of multipobs /flf
+
*(Sn) and £>f_ (2)1S) .This

fixes the positiveness of signs of fly ( S M ) and fiL (-^j)» and

hence we obtain:

-r •'/OO' 10

•5-160'



The obtained conclusions on signs are confirmed by the data on

4. The behaviour of J~- (tfp —-pST* at 6 • 0° and 180° in the

I and II resonance regions Is determined by multipoles A
o
* • $1- ./lit

and Я
е
 :

5 Г * Я Г "
In the first and above-resonance region we have Ц&- (0°)>$£. «80*),

Sf* сЩ ' аЯ-
which is connected with the interference of fiu ( Pbi) *>1th positive
background contribution to л о + . In the P,Л1470) resonance region at

E .- « 0.6 * 0.7 GeV (F1g.9) Щ- ( ibO ) begins Increasing, which can
did gy-

be naturally explained by the interference of fi9+ (background) with

the amplitude A,. (f« (f^7O)) ^ this amplitude 1s both positive and

not small {*» 0.3 * 0.55 N/^UT ). The contribution of amplitude /J v (Рлъ)

In this region is already not of significance. Further on as the energy

increases the contribution of amplitude /?o^ /5« ( 4 5 3 5 ) ) begins

manifesting Itself, which results In further Increasing 4^- I18O9)

and decreasing ~ - ( 0 * ) . Here the amplitude /Ij"* (£1л(15го))

be small and not distort the contribution of amplitude /lo^ ( S n ( 1 5 3 5 ) ) .
Thus, following the behwiour of i £ . ($p — pjf») at $ - 0°

о
and 180 one can conclude unambiguously on the suppression of amplitude

P ' P

flv ( © u ) *s well as on the value and sign of amplitude /ij^fPti)

P (7)



The I I I Resonance Region

Tn1s region is determined by resonances S3 1(1650), $^(1700) ,

D13(170C) , D3 3(1670), D15(1C7C) and F.5(1690), whose «asses are well de-

termined. In the centre of the I I I resonance region ( f.y« 1 • 1.05 GeV)

only 1"aoirnry earts of the corresponding multipoles contribute. Apparently

tre I I I resonance region involves also resonances Р3з(1б90) , Рц(1730) and

?-!3(181С) , whose masses are determined wit*» large errors. Moltipoles /4 P * ,

# , . . Я,* • 6,t • fit- • &e- • fit* • be* • fib- • fi3- w 1 t h

1 - ^ . a n d / I o t , / 1 1 + , ft1+ , / } t . , fi>&. with I * - i r -

respectively correspono to these resonances. Let us give the expressions

for the helidty amplitudes using these nultipoies:

со* -f-



1. A characteristic feature of differential cross sections of JfP""*"i

and y p -•• п5Г* in the I I I resonance region is the structure with

at & « AS0 and 135° which 1s of strongly pronounced resonance charac-

ter (r igs. i :-13). At tne sane tine at 9 • 0 , 90 and 180° the resonance

structure of tnese cross sec.ior> 1s feeDly oronounced. These features of

tne resonance denaviour of ——- are rest naturally described by the ter-

-1 dSi Ae-
|S,|&+ |£| г "-' J • its contribution to — is

г . б*.

2. I t is seen fror {9} tnat the structure of -,•£• with two IT

can arise only in tne case when multipoles й г ( 2 } , 5 ( 1 6 5 0 ) ) and

pj (C M £ 9 O ) ) «re nonzero. However from the symmetric ity of

V p -•• рЗГ*) ^n t n e c e n t r e °^ t n e Ш resonance reoior at

1 * 1.05 GeV (Fid.10) one can unambiguously conciuae mat one cf
a

these roiticoles nist be suooressed. Indeed, at t*ese ererdes we have



where

(Ш

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

во'),
 (12)

л * j£*±iibs-)- ̂ -Sa иго*),
the following

where

(И)

One can see from (13) that even not large In value Interference of am-

plitudes Ь * ° ( 2 , 5 ) and &*. ( F 1 S ) breaks substantially the SJMK-

t r i d t y of Jtk. (yp-*-pSi*) 1 n t n * I J I resonance region, hence we have

the following two solutions:

(I) ( £ to*)} * 0,5-0.1,^ , ъЦ (As)

(«)

For the both solutions from (10) we have

Х
я
. * 0. (17)



All the analyses available *• " •• are based on solution (I). As the argu-

ment In favour of this solution 1s . to our mind, the behaviour of

•=£- U p - * рЗГ") between II and III resonance regions , where

,<Фи> (45") . as the energy decreases, falls more rapidly than

ri£a* {<Ъ5й) (F19-14). Such a behaviour of -~-(&р — P^*) *« "»st

naturally accounted for by the Increase of the Interference w!th the posi-

tive amplitude b t . (*>15(*52О)) which takes place for the solution

(!) alone (see (10,11)). This Interference Increasing most essentially

affects the real parts of the amplitudes and this determines tne positive-

ness of the amplitude & э . ( F i s ) In solution (I) .

3. In the centre of the III resonance recion the relation between the

suns of 2*23* (L5*) and

vp _^ a«jj-+ Is determined by ts< interftrence of amplitudes 5*'*

and u l ' * for solution (I) and Ь г . and 5 e ^ for solu-

tion ( I I ) :

This relation perrits to find out tne values of amolitudes &

and & * _ p s s ) resoectively for solutions (I) and (II).

-U-



4. For the further analysis let us use the fact that 1n the centre of the

III resonance region ля"** (УР"»
 л
^ * ) «t в • «5° is aorrcxicate-

ly by 3-4/•& as higher as at • 135°. Taking into account (15, 1С'

we obtain

x,. • a R. {[BJ! (A») - i bj."; o 4 i )] e>f.V,,)» "si

For solution (I) from tne comparison of relations (11, 15, 19) we find

unambiguously that erolitude bt. №лъ) is nonzero ana Its sign Is

opposite to that of 6 b . ( F 1 S ) , I.e. negative. Note also that

in the I I I resonance region tne contribution of a large positive airpiitude

noticeably affects , tnen relations (11,17)

confirm our conclusion on the ntcative sign of amplitude b e . ( £ 3

Finally , for solution (I) fron. relations (11, IS. 17-19) we obtain

(1)

«



I" '20/ [ З г . ( 2 ) , J V 1 5 8 O ) ) ] js 1 $ the contribution of resonance

£ ) f ) ( 1 5 2 0 ) t 0 t n e ^l t ioole 6 j . . 1« the HI resonance region.

Tne value o* this contribution 1s «norfel-deDendert and we cannot find out

or Its fcackcrouno the value of amplitude Ъг. (3D1S ( 1 7 0 0 ) ) .

7r.e expression [ЬЛ¥ {Рл%(^90))1 л 1$ tne contribution of resonance

Pb$ ( 1 6 9 0 ) tc the iwUinole 8>1«. In the III resonance reqion. The

value of arr,pl1tu4e 6 ^ ( Р э з ( 1 б 9 0 ) } ,proceedinp from Its quality,

«penes upon tne resonance P35 ( 1 6 9 0 ) mass. The value of «mpii-

tide 5 , ^ (Pia (18 f r o n * n e differential cross section cata In so-

(!) cennot be determined.

For solution (II) the relations (11, 17, 19) are compatible only In the

cese when the contributions of the both resonances Р 1 Э ( 1 8 1 0 ) and

Рзь ( 1 6 9 0 ) are essential 1n the III resonance real on:

(f67O>) = Ц • 0,3 + O.U V 7 ? ; (21)

- f

by (F15(i69O))« 0.

The sign | of amplitude b 2 f (JD,S ( 1 6 7 0 ) as well as the value

of amplitude £»e. [Ъ1Ь ( 1 7 0 0 ) ) from the differential cross sections

data In solution (II) are out of determination.

13



Thus, from the analysis of the resonance behaviour of differentia! cross

sections 1n the III resonance region one can obtain the two solutions for

amplitudes Ay, , the results (20) obtained for solution (I) aoree-

Inq well with the results of all the analyses " J. The discrepancies

with I
s
! are accourtei for by tne fact that 1n № only the date o n y p — р Я '

are considered, vie emphasize tnat all these conclusions are under assumption

that the non-resonance contributions to the Imaginary parts of the partial

amplitudes under ouestion are neolioible.

5. For the furtner analysis and obtainino Information on arcolUudes 4^

H 1s convenient to consider data on X. (yp -• p$*) and

In tne III resonance region , for tnese quantities different signs at small

and large angles (Flos.15 , It) are typical. Such a behaviour of I 1s of

character (Fics.17,18} 'wMch 1s most pronounced 1n data on

21 ' У Э —• р5Г*) ) and indicates to the contribution and resonance

character of those ter*s in % that are proportional to cot & end со*&

..-Г us write out these ter^s:

(22)
9 Ян* S ,

.ere

The further analysis we shall make for soluticn (I) where 3 m Ъ
г
^
9
О

For this solution we also have D m b » . 'xp -• p51 ° ̂ = С and

Ь ^ (P
a s
(16 9 O ) Is suppressed. Hence, the expression (22) for



-*• p JT* 4s essentially simplified and ме c>>t»i«* ir the

of the I I I resonance reel01 t*e following:

(23)

P*fi£ (F1f) •

г.
As far as

from (23) tnat

* , 2 1 Л ) > / £ ( J D » ) > 0 . (25)

I f expressions \£4) ard US) are saturate c> contributions of resonances

alone, then expression (25) agrees »itii predictions of а эиагк wttdei. v»M1

expression (24) contradicts i t . This indicates either to a laroe positive

contribution of the non-resonance backorourJ to (24) (whic^ is ir accord

with Ref, [в] ) , or to tne violation o* predictions of the oj*rk necel

(which is in accord with Ref. [7] ) . For a final solution of tM$ auescior.

• detailed phase-shift analysis of the experimental data is necessary.

Since for ЭД>-~«13?* two amplitudes b 3 . and Ь г _ are large ,

the analysis of expression (22) for yp—mSt n is
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