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Abstract 

An tmalysls ol elastic y ·ray acatterlng by protons at an energy up to 300 MeV 

hu been made by using the dlspotDion relations (d. r .) Six dispersion relations were 

t111Jde uaa ol to estimate the real parts ol the arnplltudes at Q:J • 0. The pion photopro

ductlon has been taken Into account In a wider than earlier energy region. It haa been 

proved that the subtraction Is neceuary In the dispersion relations (at any rate lor one 

amplitude). Five subtraction constant" ate detennlned by the low energy limit and ex· 

pressed In tenna ol the charge and the nucleon magnetic moment. The dlllerentlal cross 

sections and the recoil nucleon polarization have been estlautted. 

y- N scattering a t high energies Is being d/acusaed. 

1 

Following Gell-Mann, Goldberger and Thirring/1/ the dispersion relations (d.r.) for y- N -scattering 

the validity of which in the e2 - Bpproximatioo was proved strictly by Bogolubov and Shirkov/ 2/ were 

applied to analysis of the experimental data in a number of papers/ 3-7/ . Cini and Strofolin/3/ were the 

first to make the calculations of the <"rosa sections for the forward scattering at the energiu of y- rays 

up to 210 '\fe V. Some qualitative features of the energy dependence of the cross section for forward scatter-

ing were pointed out earlier in/ 11, as well as i/81. 

Capps/4/ considered y- N scattering at arbitrary angles with account of the minimum number of angu

lar momentum statee. In doing this, he made use of some unpublished results of Gell-\fann and J. ~athews. 

Akiba and Sato/ 5/ treated the non-zero angle scattering. To calculate the subtraction constants in 

some dispersion relations the perturbation theory was employed. 

In Ref./6/ the dispersion relations were considered in detail for all six invariant functi ons characteriz

ing the amplitude for y - N scattering, and the dispersion analysis was made in the energy region up to 

200 MeV, some recoil effects being neglected. It has been shown that the account of the photoproduction of 

pions in the a-state leads to noticeable changes in the threshold region. At the same time the agreement 

between the dispersion analysis and experimental data improves. Cusp dependence arised in the amplitudes 

and cross sections near the threshold for pion photoproduction. 

In spite of some differences in the published papers which are due to the different assumptions on the 

number of subtractions in the d.r. and on the maximum moment of the considered states, the common feature 

for all of them was the impossibility of obtaining good agreement with the experimental data In the energy 

range of about 160.200 MeV. 

In a number of papera/ 9,7,10/ an attempt has been undertaken to do away with the diacrepan~y by taking 

into account the Low diagram/ 11/ . However, a direct meaaurement of the rr0 -meaon lifetime/121 and 

the 11.nalysis of the problem concerning the sign of the pole amplitude and ita magnitude/13/ baa led to the 
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fact that the account of the Low amplitude cannot affect essentially the result of the snalysie. 

In view of the differences between the reeulte of the analyaie and the available experimental data thie 

paper deals with the analyeis of y- N -scattering based on dispersion relations. In t.he course of thie ana

lye is, besidee the account of the pion photoproduction in the s-state, we are considering the contribution 

of the high energy region more thoroughly. Then we are treating the problem on the number of subtractions 

in the dispersion relatione and by having taken the nucleon recoil into account, we are eatimating the quan

t ities. R;(v) for Q2• 0 introduced earlier. 

2 

The connection of the invariant functions Tl (v, Q') with the amplitudes Rl (v, Q') in the 

center-of-mass syetem (c.m.s.) ie given in formula ( 1 ) of pape/14/ (which ie furth er referred to ae paper 

A). The definitione of Tl ( v,Q1) and Rl (v,Q 1) see in/ 131 (which is further referred to ae paper B). 

The notations adopted in the present paper coincide with those of the papers A and B. Here the amplitu

dee in the c.m.s. are designated by Hi without additional aeterisks. 

As far ae by the optical theorem 

I• (R 1+R1 ) • ~- J.!.:::JL' 
• 21P 

then under the aeeumption 

~ (I') • Ccaat by 

asymptotically by 1P • • 

R, +R1 •W'-v. 

.J!J_ ' • 

··-

Assuming furth er that by W .. oo all Hi .-v we get from ( l.A ), that by W .. oo 

r, - r,. w' ; r, + r, .. w'; r,~ •' 

r,-r,.w; r, + r,• Coftat ; T,• I' 

( 1 ) 

( 2) 

lSI 

Thus, under the adopted aeeumptione the dispersion relations for T 1, T 3 and T 5 muet contain one 

subtraction, while for the quantitiee T 2, T 4 and T6 the diepereion relations can be written without eu~

tractions. 

To estimate the amplitudea n1 + n2, H3, n4,. Rs + ~ 

it ie eufficient to write down the diepereion relation for T1 at Q2 
a 0 • When Q2 • 0 , the invariant v 
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is known to pass in to the energy of y- rays in the lab. system v L (which is further designated by v }. 

As is seen from ( l.A ), for the forward scattering the function T 
5 

and T 
2 

+ T
4 

are reduced to 

2 114- 113 , so that the dispersion re lations fo r T
5 

and T
2
+ T

4 
at 0 .. 0 are equiv11lent. 

Let us consider the funct ions 

F, (IIJ • -}[ T, -T1 -11.,(T2 - T, ) 1• {--fR 1 +R2 ) 

F, (11.,)• " ~ -~[R1 + R1+2R1 +2f?1 ] 

F1 (11.,) - J::.. r r, + r, ) - r ..L.. ) ' ( R, - R, > 
"2JI M 

p (v. ) • J.. ( T, _ r, ) • Wl ( R, + R,) - .\12W,: ( R1 + R,) . 
4 

• 2 llv . + '"• 

( 4 } 

IL is clear from the discussion given above that the dispersion rela t ions for the funct ions F 
1

, ... , F
4 

must contain one !lubtraction. -\11 the quantities in the righ t-hand side of ( 1} atf> in the c.m.s. If we 

take into account that (a t Q2 ,.Q ) the amplitudes in the lab. system ( • A •} are connected with the corres

ponding quanti t ies in the c.m.s. by 

( 5 ) 

then from the dispersion rela t ions for F 
1 

, .. . F
4 

we get 

D A (11 ) - D (0) -~ f""....sl..JL A,, , (II) 
1 , 4 • 1,4 tr v, y 2- v : II ( 6 ) 

D,A (11 ) -11 D' ( 0)• 2v.' f .. Al .f (ll)dll 
· ' • • 

2
'
1 

, 111 v 1(v - v.') ' 

where 
.0, (0)- - •'1.11 

0~ (0) • - 2 [ ~2 - ( ..JgJ' J 

A D, ·R• F, M 
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and thl' irnnginary parts of the correspondin~ 'lmplitucles arc designated by 

by I' ~ e H • }.J and the ano~1alou>~ mngnel i<· mnment of a nucleon by 

\(v
0

), the magnetic moment 

lla 

If thr clements of the amp! itude of the pipn photnproduction in the states with ' ' 3/2 are denoted 

in the c . .n.s. by 

+ .\1\ 
1 

- 1 :nagn. 1 12 I ; 
+ 

E
2 

- l ei. 312 I ; E 
1 

- , el . 1 12-I ; 

Ej - lei. 312-I ; 
+ 

/11\
3 

- I -nsgn. 312 I; M
2 

- lmagn. 312- I, 

then the unitarit)• relations will lead to the equalities 

/m R, m v. I r E, I' + 2 1 E' 12 
+ _l_ I E' 12 

cos 0- .L 1.11,1 2 I 
'I 6 

/mR • v i 1EI2 +.!,... 1EI1 cos8- IEf+.!...I.UI1 + Re (E!Mtl , • ' ., , ' . 12 ' • r 
( 7) 

lm R1-~v0 l -~1El +Re(E; .~t,)l, 

which are the generalization of the corresponding eqiialities in / 6/ . The expressions for lmR2 differ 

from lml1 1 by the replacement E ;; .11 • Similuly, the expression for lml14 con be obtained from 
I I 

lmR3, nnd Imtt6 from lrnlls. 

In ( 7 ). the total contribution ef the photoproduction of IT + and IT
0 -mesons is meant by the 

module of the amplitl!de in the right--hand side. L et us note, that iE the pion and nucleon ma88 differences are 

neglected, the interference terms, e.g., in ' £
0

'
1 

+ 'e.. I' are vanished due to the isotopic symmetry 

of the pion photoproduction matrix clements. 

At the same time 

4 1(11) • .!::...0- 3 vi lE, I'+ L!t,i' + 21£,11 + 2l.v,f- ~1.11 )' + ...l iE,I1 I 
~ 6 6 

..tjv)•vi !E/+ i.ttl' +l!E I'+ .!...i.lt i'-1:11 + .l.EI1- IE +l.l!i'l 
I :\ J :\ 2 1 2 11 2 1 

( 8) 

A.(v) •- v _ IV_ f IE I' -1.11 11 + j.ll - .1.. E 1'- 1£- ..1..11 I' I 
• .'J I I 1 2 1 1 2 1 

A (v) + IY-.lla • W l iE 11
+ l\1 11+ _l_ j\1 11+ .2.. 1~ 11- IE- 1 \I f- l\1 - .LF:

1
I' 

4 lrr 1 I I :\ 1 3 2 J 2 1 1 2 
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The necessity of cons idering the dispersion relations with the subtraction for the amplitude 

can be proved. 

Let ua prove that the low energy limit of the amplitude Ill + fl2 contradicts the value of this quanti-

t y obtained with the aid of dispersion relations without the subtraction. 

As is well-known, for v .. 0 ( Q2 .. 0) 

the dispersion relations without the subtraction for fl1+ R2 are of the form 

• J I 1 r"" v 2 d v ([. (v) Re LR1(v
0

) + Rjv., • ,- ~ . -:':}-:T , 
-"~ "' v - vo · 

For v .. 0, it follow from ( 10 ), that 
0 

what contradicts equality ( 9 ) • . 

Re(R
1

+Rz)-+ + b f 00

o, (v) dv >O , 
, ' v, 

( 9) 

( 10) 

Thus, the diepersion relation without the subtraction for the amplitude R1 + n2 contradict the rela

tivistic and gauge invariance requirements on which the low energy limit ia baaed. 

Let ue note, that possible eum rules connected with the aqu.a.re of the magnetic moment, il the disper

sion relations without subtraction are aesumed for F 2(v), are not ilt a direct cot~t.radiction with the low

energy limit. Aa Ia seen from ( 6 ) and ( 8 ), the contribution of the resonance atate proportional to 

I M312 ia especially eeaential here. The same result holds if one takes Into account (numeric'ally important) 

contribution of the photoproduction in the a-state which decreaaee the effective contribution ll\f
3 

12. 

The sum rule for the square of the magnetic moment is very sensitive to the relationship between the 

photoproduction amplitudes E2 and M3 . For some relations (for instance, with E2 = 'vf/ 51) one can 

arrive to a contradiction. However, the information on the analysis of the photoproduction is not ao accurate 

at present to atate that the experimental data cot~tradi ct the sum rule. A further epecification of the photo

production analysis ia extremely desirable for obt.Uning the data on the amplitudes E
2

, E
3 

and \t
2

. 

The fact that the dispersion relations without aabtractiona lead to definite aum rules can be of great 

Interest for some processes. So, for rr , scattering similar considerations ( if applied to the diaper-

• Tbla •••ult bae beea o btaloed aleo by W. N. Orlbo v . 
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sion relations at ')2 
= 0) lead one to the coocluaion that the scattering lengths in the -tate at low energies 

ao and a 2 are pos itive. The same holds for ~r-K and K-K s catter ing. 

5 

If we consider the properties of the fun ctions• 

', (v.J • ( T2-T1)' ( 11 ) 

F, (J.t.) • ( T2+T1)' ( 12 ) 

F,(v.J • T ,' , ( 13 ) 

addi tionally to those introduced earlier, then one can become sure that F 5,6(v) are the odd fun c-

tiona of v, which have no poles, and F7(v) is the even function with the second-order pole. At v •oo. 

~,,,, .. v·~ 

so th at the dispersion relations for these fun ctions do not contain the subtraction. The use of these dis

persion relations may prove useful since in taking into account the photoproduction in the etatee with 

J~ 3/ 2 the angulsr dependence of the amplitudes Ri(v,Q~ in the c.m.s. ia repreaented as 

n,-f,, +2&,+~,co. 6- •, 
n,-•1 +21111 +2JI 1co• 0-~, 

R1 • i; 1 -f.; 1 +2~2co.t 0+ } •, • C(i,lll,) 

n,- J,-71!, • 2M2coe o + ti2 + c < ',S,> 
R • - ~ - C ("' ~ ) 

I 1 J 1 

R .. -m -C(G, '1:1 ) 
' 2 , 1 

and characterized by the eight functi on of energy &. .... '1:1,, C(&3.~!) 
in terms of ll i (v ,0) and R•i (v,O). 

( 14) 

C(l!t3G,1) , which ere expreued 

rt follows from ( 14 ), that if we restrict ourselves to the contribution of the atatee with J ~ 3/ 2 

• The Allin ' me&n a the d ifferentiation whh r espect t o Q 2 and a a ubaaque nt tranatlan t o Q 2• 0. 
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"' 2 t: ( ~ ---") -- ~&. __jfj R'z ... , ,~ "', ~ ~1;'> • .V'v; 

R' = R' = -1'.1 ___&___ 
, 4 , .tf yl 

0 

and 
( 15 ) 

In the low energy limit / 14/ 

(R +R )' =-~ [ 3+2( 1 +A )ZJ + O(v) 
' 4 2.11' 

( 16) 

The contradiction of ( 15 ) with the low-energy limit ( 16 ) implies that the restriction to the states 

with J ~ 3/ 2 is not correct even in the low-energy region. The crossing-symmetry conditions introdnce 

the kinematic corrections of the order of vj\1, what corresponds to the account of the states with higher 

values of J • 

In order to make the analysis with such a high accuracy it is necessary to introduce new functions of 

energy and to consider a great number of dispersion relations. The introduction of the Low diagram fails 

to solve the contradiction mentioned above. 

All the estimates of the amplitudes are given here, ll' i(v,O) being neglected. 

6 

The results of the calculations for the amplitudes at Q2 = 0 a re plotted in the graphs. The energy 

of y- rays is expressed in the part of the threshold energy 

des in the part of e2/\fc2 . 

vt = 150 \fe V, the values of the amplitu-

To calculate the .fifferential cross section for the forward scattering 

u (0'? • IRz +R,I
1 

+ lR, +R.. +2R, +2R, 1
1 

as is well-known, it suflices to have the amplitudes R1 + R
2 

and R
3
+ R

4 
+ 2Rs+ 2~. 
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')',, t-s tinMtc n1 (v 
0

) thl' dn tn on t~ l' total crostt fill' y-ra) int.-rac tion with proton" ha,·e bet>n 11sed. 

Theil E' rlnta incorpora ted al s o thf' s~c ,1•11lnmxirnum a nd the e- ros& s ec tion for pmdul' tion o£ pion pa irs . The 

do•r•·.,rl ,' nc e ·\ 1 (v ) is plou ecl in a 'ig. I. [ arlier "e neglec ted the cont r.huti 11n .1f tl1 ~ ener~~ region 

hiF!hcr than 'lOO ~ leV. The result oi the estimation o f the ampli tude H1 ~ n2 is given in Fig. 2. The 

""' in d i fferenc~ with the pre vious res ults take s place in the range 1 < v 
0 

<:!. where the valuu o f 

01 (v,1) de crease con!l idudhl l due to the coonpensallon of the low-enf' r!';Y li'lli t and of the dispersion con

tribution. 'io te. th.,t it is tJ.ai ~> energy rP ~i"n "hich turns .:ut to he sen11 i tive to the change o f "
1 
( v

0
) . 

l'hl' s econd !lllUii'l'lum in o\ 1 (v 
11

) corresrond& to the s e cond onmli tll u•n in the photoproduct ion eros & section. 

\',hen estimating the real parts of th tvnplitude,; different fro~ta n1, 11
2• 1,hich require more detailed 

experi•nental da ta on the photoproduc t ion we res tric t ouri!le h-ea I•> th<' energy rt•gion up to 300 \le \'. :\11 

for the amplitude II 1 • rt2• it I\ us f<)nnJ po ~< si blt> to go furthe r. alt hough with energ) the uncerta inly of 

the c- ontribution of the 11 ho toprndact ion of pa irs (and of larger number ) o f pions is demonstrated not iceahlv . 

In some pa per!! lS.I6 . the proces s n f y- p s catte ring at 300- ROO \ le \ ' wu treated aa a diffraction 

•lnC wi th n e lt i <·' lm ni. An experi n:ental inveAt igotion of y- p s cattering in the range o f the s econd 

'"'" imum is of in terest a s a sen . nve method for studying the ma ximum i ts~H. 

If. by negle cting all lie ll j • "e re11tr irt oursel ves to th ,• i •nu~1nan· parts o f the a mpli tudes a nd con

sider ••nl r the ront riLuti'" ' prorortionul 1<1 ! F:3!2. tht> n from ( 7 ) we o btain irnme.Jintd y that 

~l - t"! I ~~ =T'!. ·- 0: 
' ' 

R · It~~ R - - 2 /m f! ~ "- ' ,,. 1 
I I ' J ~• < ·~ ' 

I I J • rr · 1 · /6 ·' · 1 an< lac u1 eren t1a cross s et t1on· 111 equo to 

~ nt 
" ("'J~ ' I {7d cosl tJ) • _. ~(7 +Jcoa 10) , 

8 2 
( 17 ) 

wha t ro incidt>s wi th the \ linomi's re~Jults. The same ru ult holds for the a nKUlar dis tribut ion. if in ( 7 ) 

onlv \1
3 

( n
1 

... n
2

, n
3 

... 

7t'r0 ( a t ne ll i .,Q ) 

n4) is d ifferent from ze ro. For E3 ond \!
3

. &imultaneou.l)· dHferent from 

, (I) \ a ( ~; . n! J _7~~-~o_.s_~O. 1M/~4coal) . 
2 ( l R) 

However. a" nur estimn tes s how th<' va lue s lle (r!t fli cannot be neglected in the region of the 

o~econ<l maximum. I 'rom this point of ,·iew, the se cond muximum ia !lJue h di fferent fro!ll ( 3.3 ) res onanc e 

1n "h l!H~ reg1on He ( 11 1 ~ ll2) .-< fan ( Il l + llz). 

The n·sults o f the calcula tions for 11
3

• a
1

, 

in Fig. 2-4. In C'a l c ula tin~ the dispers ion into.'~ol>< 

ll 3~ 11 ~ l 2 fl ') I 2J16, a nd 

F ' 2 I ' I · 2 and I"' ' ' 1 • ' · 3• r,3 I 

' l • 

ll5 + ll6 u e pr esented 

2 where taken to be 
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diflerent from zero. At the same t ime, for I~ I 2 and l\!312 the energy dependence give a ln/ 6/ waa uaed, 

and I E
3

1 2 wu taken to be different from zero in the energy range of 3.1 < v 
0 

< 5.8. 

Note , that even if the imagillBry part of R5 + ~ ia ab.ont, the real part of thia quantity ia different 

from the low energy limit, • • fu aa the invariant fuactiona T1(v) aatlafy the diapenlon relatioa~. 

The values of u (00) are plotted in Fig. 5 whare the reault of Clni and Stroffolini for '\ ro•) 

in the c.m.a. ia given for compl! riaon. As aweciable difference Ia obeerved in the threahold region, 

1 

To estimate R1 - n2 and Rs- n6 diapereion re latione ( 6 ) ue not aufficlent. Let ua consider the 

fun ction 

F(v) .. _L¢ (v) ,. ~[( T + T\• - v (T +T )' ] 
a·' 21'1 ' ·s ' ' • ( ' 19 ) 

As one can aee from (8.4 ) 

F M • ....!I R1 - RJ - 2Jiv (RJ-R,)l 
\f W( ff +JI ) ' ( 20) 

The couideratlon of the diaperalon relations for F(v) at the knowa n
3

_ R4 enablu ua to eatlmate 

R1. ft2• In the energy region v.e are conaidering the coefficient before ( R3 _ n
4 

) in ( 20 ) ia of the 

order of v/\1. llowever, aa far a• the value n3 • n4 ia great ( if compared with n
1

• n
2 

), the second 

component In ( 20 ) cannot be neglected. 

The f11nctlon f/J (v) introclaced in ( 19 ) ia an anBiyt ical fun ction of v with the cuts a long 

v , < v <.., which aatlsfiea the following property of the croaaing-aymmetry 

( 21 ) 

Thus, for v << v
1

, ¢ (v) ia a real function and 

o (v) ,;. a + ln • • , ( 22) 

whereas 

( 23 ) 
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We s ee that the linear term in F<v) is wholly determined by the first tef'ln in ( 22 ). Then, it 

follows from ( 20 ), that for small 

R1 - R,• - • 1 
( J-3VJ +0 (v'J 

Jf Jf 

and the linear term in \- a2 and in F(ll) is full y determined by the crossing-symmetry requirement 

what is diacu111ed in detail in IJ. 

F ( v ) introduced in ( 19 ) ia an anal r tical function of 

ud - < 11 < - v1 and a (kinematic) pole at 

11 with the cute along v
1 

< v <"" 

w2 .. , ,2 + 2\1 v = o. 

The crouing-a}•mmetry requirements lead to 

and for small v 

F ( -v} • _N:-t 2.VJL F• (vl 
11 -2'Jv 

F(v) ~- . • ' ( 1 - 2...!:' ) • O(v') 
Jl .11 • 

3r applylnJ the Cauchy formula with a contour drav•n in Fig. 6 with p .. "" , to F ( v 
0 

) and writing 

down the dlaperaloa relatione with subtraction. we get 

sn4 

where 

F (v
0

) ~ - •'< \- 2.!1..) + _l!.l ( F(!l)rh_ • _ f ' ( 1 _ 2':'•) + ~Lp jlmF[ _1_+ M
1

+2,Vv _ 1 . ldv • 
V Jl 2,1 c ~) .f/ .V tt v1 7 v-v0 Jtt-2,\lv v+v0 

, v; •• ( F(v+!!~ dv ~ ~:.. { F(v-:id dv 
2rrl c• v'CV- 'il ) 2"' c. v'(v-v

0
) 

1 

,.,, (I' )11- ~I. I ( l- 111q) t I( (p ) 1 . 4 _VIJ_~ .~f,'2) 
0 M M O 1/(v

0 
+.\1/2 ) ' 

1C (v
0

J ~ Jd ( I_~ ~(v) [ _ ~l 
" v v i v-v 

I 0 

~ f,L1+2HY 
1/l - 2.\Jv 

_ ~ __ ] r/ v 
V + V0 

( 24 ) 

( 25) 
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Since K ( M/2) = "J, 

it is impossible to determine Re F ( \1 / 2 ) from (24 ), and this quantity enters as a free parameter which 

is necessary to determine from the experimental data. I£ we restrict ourselves to the photoproduction in 

the states wi th J ~ 3 12, then 

In Fig. 7 are given the results of the estimate of Re (rt1 - ~) (24 ), the contribution proportional to 

Re F ( \1 / 2) being neglected. 

As is seen from (4.13), in order to estimate R5 _ ~ at Q2 .. o it suffi ces to consider the func-

tion 

the dispers ion relations for which are of the form 

') 2 00 

Re •!1 ( v } - r!J ( 0) = .:::!:4- f 
o rr v

1 

where, as it follows from ( 2.1l ) 

"' ('1) =- ~· ?_+~ , 
II 2 

( 26) 

( 27 ) 

( 28) 

and lm·'·(v) .. ( _}L)21- W[L(JE.l 2 -PU2 ) + Re(E~ .II. -M~ E .) l+ .llv [~(JE 12 -J.If 1
2

}+ 
'I' M 6 • • • • • • 01 + W) , ' 

+ '!. ( 1 E 1 2-l.lf \2 ) + Re ( E• .if - \t• E .))I 
.• 2 2 2J 2 · 

( 29) 

The results of the estimation for Re ( n
5 

_ ~) at Q2 .. 0 are given in Fig. 4 . The estimates 

of the quantities R
3 

+ n
4 

and n
5 

- ~ which play the main part in the differential cro~;~s section at 

v ~ 1 are not much different from those obtained earlier/ 6 / . 

These results are of interest for studying the dependence of the amplitudes near the threshold for a 

new reaction / 6/ . In the case under consideration all the estimates can be made completely. We stress the 

dependence of the amplitude Re ( R1 + rt2) the value of whi ch keeps on decreasing higher than the tl,res-
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hold. This result punta out that for other processes the sharp dependence of the imaginary parts of the 

amplitudes higher than the threshold may lead to the displacement of the thruhold minimum (or maximum) 

of the crou section from the reaction threshold. 

The reeulta of the calculations with the aid of ni ( v, 0 ) for the angular distribution• 

, J 
u (8) • I 91 cos 8 

J• O 

for 8 • 90°, 135°, 139° and 180°, aa well aa for the total elastic scattering cross section 

~ - 110 +Y1l11 
4rr 

and for the recoil nucleon polarization at 8 • 90° are presented in Figs. 5, 8- 12. 

The experimental data are summarized in / lO/ and/ 17/ . The coefCicient 

' '1 IJ, ( v
0

)e 2 ( l R
1

+R1 l - l R,-R, l 

ia cloae to zero throughout the energy region v ~ 2 • 
0 

The experimental data are seems to indicate, that the quantity 'Re ( R5 - n6 ) Ia positive. However, 

we could not do it by introducing Re F ( \1/2 ) ,;. 0 • The requirement for Re ( R5 - n6) to be positive 

leads to large (negative ) values of Re F CJ.t/2) what increases considerably the contribution 

n
1 

- Rz 12 to the cross section and fails to improve the agreement with the experimental data. 

It is worth while noting that out.side the region 1 < v0 < 1.3 there is a satisfactory agreement bet-

ween the dlsp,-sion analyela and experimental data. In the region 1 < llo < 1.3 especially sensitive to the 

dispersion effects if is, probably, neceuary to consider the contribution of higher states for which more 

infonnation on the pion photoprodoction in the wide energe region ie required. 



'Vo 0 : 0 ,5 0 ,8 0 ,90 0 , 95 0 , 97 I , 00 I , 05 I , I 0 : I , 20 I , 50 2 , 00 2 , 50 

R~ (R, + R.,) -I -0,8 -0,55 -0,38 -0 , 29 -0,23 -0,17 -0,14 -0,12 -0,09 -OP6 -0,16 -0,52 

r~ (R, .. ~1) 0 0 0 0 0 0 0 0 , 15 0 , 23 0 , 35 0 , 83 2,83 2 , 21 

I R, •R2.I.1. I 0 , 64 0 , 30 0 , 14 0 ,08 0 ,05 0 ,03 0 ,04 0 ,06 0,13 0,69 8 ,0 5,15 

R.e (R, -R.,.) -I -0,74 -0,54 -0 , 44 -0,38 - 0,34 -0,20 -0,23 -0,26 -0 , 29 -0,43 -0,05 +1 , 71 

rm (P., -R1) 0 0 0 0 0 0 0 0 , 14 0 , 20 0 , 26 0 , 22 -1,03 -0,48 
I R., -P. .t 12 

1 0,54 0 , 29 0 ,19 0,15 0,12 0 ,04 0 , 07 0 , 11 0 , 15 0 , 23 1 ,06 3,15 
9-e (~ ~+ ~~c) 0 -0 , 29 -0 ,43 -0 , 44 -0,43 -0,41 -0,34 -0 , 42 -0 ,50 -0,68 -1, I2 .- 1, 78 -1 ,70 
I. ..... (g.) .. Q~) 0 0 0 0 0 0 0 0 , 14 0,21 0 , 28 0 ,38 -0,15 +0,13 

1~!1~,~~12. 0 0 ,08 0 , 18 0 , 19 0 ,18 0 ,17 0 , 12 0 , 20 0 , 25 0 ,54 1 , 41 3 , 20 2 , 87 

Re(\t3 -~lf) 0 0 ,26 0 ,50 0 ,60 0 ,68 0 , 72 0 , 83 0 ,88 0 ,93 1,01 1, 12 1,20 0 ,85 
I"" (K?>-Q.4) 0 0 0 0 0 0 0 0 , 15 0 ,27 0 ,32 0 , 63 1,61 I , J5 

\ 12.~ -1<"11. 0 0,07 0 , 25 0,.36 0,46 0 ,52 0 ,69 0 , 80 0 , 94 1,12 1 ,65 4 , 04 2 , 54 

Re (Rr 4 1{c.) 0 0 ,08 0 ,11 0 , 11 0,11 0 , 11 0,12 0 , 12 0 , 10 0 ,11 O,IJ 0,25 -0,7 
I l{s- + R,\-z. 0 0,006 0 , 01 0,01 0,01 0,01 0,01 0 , 01 0 ,01 0 ,01 O, OI 0 ,06 0 , 49 

~ U~s- -W.") 0 -0,08 -O,IO -0,11 -0,11 -0,11 -0,12 , -0,11 -0,11 -0 ,11 - 0 , 11 -0 ,09 -0,08 
I Rr-~"12. 0 0 ,006 O,O:I O,OI 0 ,01 0,01 0,01 0 ,01 0 ,01 0,01 : 0,01 0,01 0,006 ---- . 

Re(~)·R... +~Qs-+.tl2~) 0 -0,13 - 0,20 -0,21 -0,20 -0,18 -0,10 ~ -0,19 -0,26 -0 ,45 t-0,86 
\Rl+R .. +lR.s- .. .1~,1 2 0 0 , 02 0 ,04 l 0 , 05 0 , 04 0 ,03 0 ,01 l 0,06 : 0 , 11 ; 0 ,28 t 0 , 90 

l ; ' . 

-1,29 - 3,06 
1,68 i 9,36 

I 
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