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In the present paper we continue a study of *N scat
tering at high energies in the quasipotential approach. 
Here we consider backward scattering phenomena. We do 
not describe here the basic ideas of the Logunov-Tavkhe-
lidze quasipotential approach / ' / and refer the reader 
to the appropriate review papers '2~ 6'• 

The quasipotential equation for the case of two-par-
'acle system with spins 0 and 1/2 looks as follows / ^ 7 / * 

[ Ey - « ( - i y l - W(-i^)]0fr) =—— \(Е;т)фСг) . (,) 
0 cu ( - iV) W 

Here E is the total energy of two particles in the c.m.s. , 
-» 2 -*2 -» ° -*2 

у is the Dirac matrix, ш(-\ у)=vV -V ,*(- iv) = \ M _ V • 
y. and M a re the masses of the scalar and spinor 
particles, respectively. 

We represent the quasipotential V(E;'iO in the form : 

v . . ,0 
V(E;r) = ( l \ ) , (2) 

' 22 

where Vj , and V 2 2 a re 2x2 matrices. In what follows 
• only v., term of the quasipotential is of interest. 

* Corresponding equation in the finite-difference for
mulation of the quasipotential approach / 8 ' can be found 
in Ref. / 9 ' . 
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We omit the indices of V n and write it in the form: 
л 

V( ЕГг) = Vd ( Е;Ь + V e( E;r) P , (3) 

where P is the coordinate exchange operator; Vd and 
Ve a r e the direct and the exchange parts of the quasi-

potential, respectively; Vd and Ve a r e chosen in the 
form: 

V, (ЕГг) = V, < + ) (ЕГг) + - i — V.( ' (E ; r ) С L) , 
d,e d,e 2 i p d ' e 

L = -i t r xv ]• (4) 

V d and V £

(- are assumed to be the energy dependent 
smooth functions of г 2 . 

The scattering amplitude corresponding to the quasi-
potential (3) looks as follows: 

T ( p , k ) = T d ( p , k ) + T ( p , k ) , (5) 

where T d contributes mainly to the region of small t and 
decreases exponentially in the region of small u , T e 

differs from zero essentially in the region of small u 
only. We are interested here only in 

'•' ,. and T ,. are expressed in terms of the initial 
quasipotential in the following way 

f e (p,k) =-ip[ / P d p J 0 ( p A u ) e d X e ( E ; p ) + 0 ( - i ) l , 

(7a) 
(+) 

T , (p,k) =pt J P d p J , ( p A ) e d x ' ( Е , р ) + 0 ( - 5 Ц 1 
e n 1 e P 
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9 0 0 9 9 I / O 

Л„=[ (\'р"+М * - V? + М )" - n l , (7b) 

where 

< + ) <E;p) . _ ± _ / v ' + W r ) d z , (8a) 
d 2ip _T O

 d 

(+) - 1 " ( + ) -
x ( E ; p ) = - ^ - / V e ( E ; r ) d z , (8b) 2 i p 

( E ; p ) = - ^ - - f f V e ' ( E ; r ) d 2 . ( 8 c ) ^ ( E ; P ) - — 2 

Experimentally observable quantities, differential 
cross section and polarization parameter, are expressed 
in terms of T< + ) and T (

e

_ ) 

d„/du ^ [ I T ^ V H T l - V l , (9a) 
V 

P = 2Jm (T (

e

+ )T *-»*) /[ | T C

e

+ ' I 2 + ! T e

! ) | 2 ] . (9b) 

In order to associate our considerations with physical 
processes in nN system it is necessary to consider 
the structure of the quasipotential in the isotopic spin 
space. We will consider in what follows quasipotentials 
and all the quantities connected with it with definite 
isospin in the s -channel. We choose v j , ' 1 - ' as the 
following smooth functions of r 2 : 

(i,+) <!,+) 2 2, (I.+) 
([,+) - h 1 + h 2 г - г / 4 Ь 

V ( E j r ) = e 

ip/Vs 0 ) 

(1,-1 -> 1 2 - r /4b 
V e ( E ; r ) 

, . ,— ^ о ( I , - ) ( p / V s

0 ) 



The quasipotential V d ' is taken in the form which 
has been given in Eef. / ч /.Since we are dealing with the 
first approximation in the small parameter l/p ( p is 
the relative momentum of two particles in the c.m.s.) 
only the leading term of 9 

U,+) -> -3/2 - r" /4a i 
V d ( E ; r ) - 2 i p e 1 | 0 « 1

 e (10) 

gives the main contribution. , . 
The eikonal functions x j » X e ' + and x ^ ' a re of 

the form: 

. E;p) = -h ( 1 ' + ' C E : n l = - b B - p 2 / 4 a i . (»a ) 

(1.+) (I.+) 2 о (1+) 

X „ i f c : p ( E ; p ) -
2:p ( p / V s ) 

0 (lib) 

(I,-) (I,-) , „ (I,-) 
(I,-) p 1 f l + 4 P~ - P 2 / i b 

X. ( E ; P ) = - # - -
2ip ( D / , / T ) a U ' - ' 

(lie) 
(p/vV 

x ,< !•+> 
Expanding e d in formulas (7a) and (7b) in 

power series in x <i'+ a n d integrating over p onp 
obtains the following expressions for the amplitudes T ( I ' ->: 

T ci ,+) f i _ (~ h> , (i,+) 

( p / V s ) a U ' + )

 a = o Bl a 

(I,+) 2 (I,: ' / n 
-B n (b ) A„ 4f2 - (-h) 

I p /v s 0 ) o = 0 n ! 
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: [ B n ( b ( , ' + ' ) ] 2 [ l - B n ( b ( U ) ) A ! i e - B " ( b < I ' + , ) A ' 

T 4 = - . J £ f В (b ) ] 
( p / ^ i T ) B < , - - ) n=o »t 

- B ^ b " ' - ' ) Л* Bif^- 'Д,, - , _ h ) " 
2 .—___ 

( p / v ' T ) 0 " ' - ' - 0 n! 
0 

! I , - ! ( i _) •? 
(!,--! 3 В (b ) 2 - H „ t Ь ) Л 

x [ B n ( b )1 [ 1 — A j e 

where 

( I . + ) ( I . + ) ( ! , + ) ( l , t ) { I , + ) 
" , + 2 h 2 

(12a) 

( i , + l <!, + ) ( l , + ) , 
f , = 2y>b h 2 , ( J2b) 

; i . t ) 
i I, ±) а] Ь 

В в ( b ) - -JTT)~ ' (12c) 
a . + n b 

2\'n В i,o h =, _ _ _ i l i . (J2d; 

Note, that in numerical calculations 6-9 terms of the 
ser ies (11a) and (lib) give a noticeable contribution. 

We have performed an analysis of the known experi
mental data on differential cross sections of backward 
j, p scattering, charge exchange reaction я--р->я°п for 
-2.86 (GeV/c) 2 < u < 0.06 (GeV/c) 2 and p L i 7.8 GeV/c, 
and polarisation parameter in backward scattering 
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Norm Refe rence 

Tf f 9.85 20 - 5 0.92*0.03 Owen, 1969 (12) 

16 .25 3 - 6 1 .28+0.27 -"-
1 3 . 7 3 6 - S 1 .07+0 .07 -"-
8 .0 11 - 20 1 .23+0 .08 i n d e r a o n , 1 9 6 8 (13) 

1 6 . 0 8 - 20 1 .80+0.16 -._ 
7 . 8 6 - 10 1 .48+8 .43 Brody , 1966 (14) 

f 6 . 0 12 - s 1 ( f i x e d ) D i c k , 1973 ( IS ) 

Ц £ 9 ,85 19 - 5 1 Ж + 0 . 0 5 0»en , 1969 (12) 

13 .73 13 - S 0 .77+0 .06 -"-
1 7 . 0 7 2 s 1 .01+0 .44 -"-
га.о S - 20 0 . 9 2 + 0 . 1 4 Babaev , 1972 (16) 

4 0 . 0 8 - S 1 .72+0 ,21 ---
7 .8 7 - 10 0 . 7 4 + 0 , 0 8 Brody , 1966 ( 1 4 ! 

P 6 , 0 20 - 5 1 ( f i x e d ) D ick , 1972 (17) 

% f« 1 0 . 1 14 - 15 1 .08+0 .07 B o r i g h t , 1970 (18) 

1 3 . 8 13 - 20 0 . 7 1 + 0 . 0 7 -"-
8,0 a - 30 1 . 4 Q » 0 . U S c h n e i d e r , 1 9 6 9 ( 1 9 ) 
1 1 . 0 7 40 1 .66+0 .21 

""" 

8 



a t IT t p 6 GeV/c * (see Table 1). A rather complete 
review of experimental data on uN scattering can be 
tound in Ref. / 2 0 L 

The parameters entering the definition of the quasipo-
tentials V (

c ' - - 5 have been found by minimization of the 
functional: 

I l-'.k-M, ¥ . { x ) Г 
9 1 К ) П 

x'~= d ~ ~«~M^ ~ ' (13) 
i 

„ к 
where r f is the quantity which has been measured at 
the i -th point of the к -th experiment, l ; J ( « J - the 
value of the quantity F ; calculated by means of the 
parameters * < which we are searching for, a . 
experimental e r ro r of the quantity F ;

k > Mk - the norm 
of the к -th experiment. The parameter Mk allows one 
to take into account a systematic e r ro r of the к -th 
experiment. 

The values of the parameters g j 0 and a i entering 
the definition of V ( I , + ' have been taken from Ref. IйI, 
where an analysis of the experimental data on small 
angle !?N scattering at high energies has been performed. 

In Figs. 1-6 the calculated curves of the differential 
cross sections (norms have been taken into account) and 
polarization together with the existing dat» a re shown. The 
eikonal functions x ! , , ± 1 and the corresponding ampli
tudes for n ± p scattering at p , = 9.85 GeV/c a re drawn 
in Figs. 7-10 and 11-14,respectively. In Figs. 15-20 some 
predictions for higher values of P L a re plotted. The 
predictions a re accompanied by their uncertainties, which 
are caused by uncertainties in the parameters . We note, 
thai the polarization parameter р(л-~р-.л-°п) is the ratio 
of two very small quantities and small variation of the 
parameters may cause large variation of the result of 
calculation. 

* There a re no data on polarization parameter at 
higher values of p . 
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£ c[ l .4866 + 0.0277 + (0,4281 + 0.0554)(#»5£- ilj/fvVl) * 

f '=£• 4.0947 + 0.0466 + (2.0347+ 0 . 0 1 1 8 ) ^ ^ - - •~jfp*v/c)~*' 

/ * H [ l . 9 I 3 3 t 0.0950 + (0.4993 i O.V737)(Af-~ i i ^ g ! , ^ - - 1 

£ % " = [ 1 . 0 9 3 9 + 0.0246 + (0.4756 + 0 . 0 4 9 2 ) f £ f - - J f j l ^ l / * / " * 

.0717 + 0.0088) (GeV/c)2 

/ £ " ' 4 : (0.0071 + 0.0008) (GeV/c)4 

Л л =(0.0055 • 0.0029) (OeV/c)3 

^1 Л '=Г-(8.5 + 5.1).IO"5 - 4(3.4 j 2 .1 ) . IO - 5 ] (OeV/c)5 

^ ^ * J « - с (0.0408 + 0.0121) (cseV/c)2 

Ла ' = i (0.0028 + 0.0009) (GeV/c) 4 

/^Г-> г 1 

\ =1 -0.1251 + 0.0270 - t (0.0216 + 0.0074)/ (GeV/c) 3 

V * ' " ; * (O.OID + 0.0023) (G t V/c)S 

<f =(2.1467 + 0.1303) 

<* = 1.2542 + 0.5732 
<< * 2.0269 + 0.3530 

°( ' =-3.2940 + 0.2274 

S„ = 1 (GeV/e)2 

(0 



The obtained value of x ^ 1 5 1 (the number of expe
rimental points is 182, the number of parameters is 22) 
shows that a statistically satisfactory fit to the data is 
obtained. It is worthwhile noting, however, that in the two 
cases ( p , =16 GeV/c in " ~ p scattering and p : 

=40 GeV/c in n+ p scattering) the norms differ from 
unity by more than three standard e r r o r s and deviations 
are considerably larger than the systematic e r ro r s given 
in Refs. /13,16/_i n this connection it would be very 
desirable to measure the differential cross sections of 
the backward ^p scattering in the momentum region 
p L = 16 - 40 GeV/c. Also it is very interesting to inves
tigate polarization effects at p L > 6 GeV/c. 

Some attempts to describe qualitatively and quantitati
vely backward scattering a re known / 2 I ~ 2 7 / . I t seems tnat 
in the present paper the best fit to the nN backward 
scattering has been obtained. 

We note in conclusion that the amplitudes of n N 
scattering which have been calculated in this paper and 
in Ref. / ' 1 / can be used for theanalysis of ud scattering 
at high energies. 

The authors express their deep gratitude toN.N.Bogo-
lubov, A.A Logunov, D V.Shirkov, A.N.Tavkhelidze for 
their interest in this work and critical discussion, to 
A.V.Efremov, S.P.Kuleshov, R M.Muradyan, A.N.Sissa-
kian, L.A.Slepchenko, M.A.Smondyrev for interesting 
discussions. 

References 
1. A.A.Logunov, A.N.Tavkhelidze. Nuovo Cim., 29, 380 

(1963). 
2. A.N Tavkhelidze. Lectures on Quasipotential Method 

in Field Theory, Tata Institute of Fundamental Re
search, Bombay, 1963. 

3. V.G Kadyshevsky, A.N.Tavkhelidze. In Problems in 
Theoretical Physics, Essays dedicated to N N.Bogo-
lubov in the occasion of his 60th birthday, Nauka, 
Moscow, 1969. 

4. A.A Lo^unov, O.A.Khrustalev. Par t i c les andNucleus, 
vol. 1., Atomizdat, Moscow, 1970. 

II 



5. V.R.Garsevanishvtli, V.AMatveev, L.A.Slepchenko. 
Particles and Nucleus, vol. 1, Atomizdat, Moscow, 
1970. 

6. R.N.Faustov. Particles and Nucleus, vol. 3, Atomizdat, 
Moscow, 1972. 

7. V.R.Garsevanishvili, S.V.Goloskokov, V.A.Matveev, 
L.A.Slepchenko. TMF,12, 384 (1972). 

8. V.G.Kadyshevsky, R.M.Mir-Kasimov, N.B.Skach-
kov. Nuovo Cim., 55A, 233 (1968). 

9. M.D.Mateev, R.M.Mir-Kasimov, N.B.Skachkov. TMF, 
10, 3 (1972). 

10. V.R.Garsevanishvili, S.V.Goloskokov. The Study of 
Backward Scattering Processes at High Energies in 
the Quasipotential Approach. JINR Communications, 
P2-6833, Dubna, 1972. 

11. M.I.Dzhgarkava, V.R.Garsevanishvili, S.V.Goloskokov 
Yu.M.Kazarinov, V.A.Matveev, I.K.Potashnikova, 
I.N.Silin, L.A.Slepchenko. rrN Scattering at High 
Energies in the Quasipotential Approach. JINR pre
print, E2-6803, Dubna (1972). Nucl. Phys., B63, 
(1973). 

12. D P.Owen, F.C.Peterson, J.Orear et al. Phvs.Rev., 
181, 1794 (1969). 

13. E.W.Anderson, E.J.Bleser, H.R.Blieden et al. Phys. 
Rev.Lett., 20, 1529 (1968). 

14. H.Brody, R.Lanza, R Marshall et al., Phys.Rev.Lett., 
16, 828 (1966). 

15. L.Dick, Z.Janout et al. Measurement of the Polari
zation Parameter in Backward -p Scattering at 
Pi = 6 GeV/c, Orsay preprint, JPN HE7302. 

16. A'Babaev, E.Brakhman, G.Eliseev et al. Phys.Lett., 
38B, 342 (1972). 

17. L.Dick, Z.Janout, H.Aci et al. Nucl.Phys., B43, 522 
(1972). 

18. J.P.Boright, D.R.Bowen, D.E.Groom et al. Phys. 
Lett., 33B, 615 (1970). 

19. J.Schneider, V.Lepeltier, P.Bonamy et al. Phys. 
Rev.Lett., 23, 1068 (1969). 

20. V.V.Glagolev, K.D.Tolstov. Part icles and Nucleus, 
vol. 3, Atomizdat, Moscow, 1972. 

21. V.R.Garsevanishvili, S.V.Goloskokov, V.A.Matveev, 
L.A.Slepchenko. Yad.Fizika, 10 ,627 (1969). 

22. A.A.Arkhipov, V.I.Savrin, N.E.Tyurin. Account of 
Exchange Forces on a Smooth Quasipotential. IHEP 
preprint, STF70-104, Serpukhov, 1970. 

23. S.Kogitz, R.K.Logan. Regge-Pole Plus Background 
Model of Backward л N S c a t t e r i'ng ,University of 
Toronto preprint, 1972. 

12 



24. E.L.Berger, G.Fox. Nucl.Phys., B26, 1 (1971). 
25. A.A.Arkhipov, V.K.Belov, V.I.Savrin. On Spin 

Effects in Elastic Scattering at the Angles Close tr-
180° IHEP preprint, STF72-75, Serpukhov, 1972. 

26. J.K.Storrow, G.A.Winbow. Ambiguities in Regge Ana
lysis of Backward Scattering. Daresbury Nucleai 
Physics Laboratory preprint DNPL/P141 (1972). 

27. K.B.Soreskov, K.A.Ter-Martirosyan, I.S.Tsukerman 
Yad.Fizika, 17, 847 (1973). 

Received by Publishing Department 
on November 16, 1973. 

\-p-WX&/c (107) 
k-PL-№G&/b (179} 
i-pL-m25GeV/c (126) 

\-pL-7BG^c (148) 
\-pL-eOG&fc (123) 
i-pi-ae5ck/c(Q92) 

-1.6 -20 
урЩ//ЬУ 

-24 

Fig. 1. Differential cross section oi " p scattering 
at P L = 13.73, 16.0, 16.25, 7.8, 8.0 and 9.85 GeV/c. 
(The number in brackets denotes the norm of the cor
responding experiment). . 
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Fig. 2. Differential cross section of " P scattering 
at P l - 13.73, 11.01, 7.8 and 9.85 GeV/c. The data a re 
taken'from "~n experiment. (The number in brackets 
denotes the norm of the corresponding experiment). 
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l-PL=23GeV/c (0.92) 

}-PL=WGeV/c (1.7) 

Fig. 3. Differential cross section of " P scattering at 
p, = 23 and 40 GeV/c. The data are taken from the 
rr - n experiment. (The number in brackets denotes the 
norm of the corresponding experiment). 
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Mt&W 

3 

\PL-80GeV/it132) 

§pL.V1GeV/ca06> 

Fig. 4. Differential cross section of the reaction n p->n-°n 
at PL = 8.0 and 10.1 GeV/c. (The number in brackets 
denotes the norm of the corresponding experiment). 
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rffceWy* 

{PL*nOGcV/c(i58) 

{PL'WG<yt«&0) 

u<GeV/c)' 

-« -ts -« 

Fig. 5. Differential c ross section of the reaction я p - Z n 
at p L = 11.0 and 13.8 GeV/c. (The number in brackets 
denotes the norm of the corresponding experiment). 

17 



Fig. 6. Polarization parameter in n - p scattering at 
l>, = 6 GeV/c. The data a re taken from the л "v and 
„ - n experiments. 
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Fig. 7. The functions R e x " 2 ' ^P> and J m X' ' + i-K'P) 

at P l = 9.85 GeV/c. 
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(3/2,-), n < , < е / 2 Н г 1 

Fig. B. The functions Rev U'-;p) and J™ x „ (^Р> 
at p L = 3.35GeV/c. 

Q00S-
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ШЕИ-

0.002-

-0DQ2-

-0004 
Fig. 9. The functions Re v ( 1 / 2 , + ) (E;p) and 1m у ( 1 / 2 , + ) ( E ; p ) 
a l P t =9.85 GeV/c. e e 
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Fig. 10. The functions He* 
P, - 9.85 GeV/c. 

(1 /2 . - ) 
ibp) and , n l \ 

i | / l ! . - i 
' l - W ' a i 

Fig. 11. Real parts of the spin-non-flip amplitudes 
л £ p scattering at p, = 9.85 GeV/c. 

of 
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Fig. 12. Imaginary parts of the spin-non-flip amplitudes 
of * - i> scattering at p - 9.85 GeV/c. 

Fig. 13. Real parts of the spin-flip amplitudes of " " p 
scattering at p{ = 9.35 GeV/c. 
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Fig. 14. Imaginary parts of the spin-flip amplitudes of 
i7 - p scattering at p t = 9.85 GeV/c. 

23 



ст
ок 
mo-
ox 
аоб-
am-
002 

о-

0005+ 

о 

\d<r 

£-40 GtV/c 

\d<r 
[du 

PL-nOO G&/, 

i г 1 r 
-05 

чШб? о[тт • T 

fUuVcf-

JLIGM'C?-

a R-150 GeV/c 
-Ю ' - 0 5 -Ю 

000$] dlt PL-200 GeV/c 

-05 -V 
р£ф£ ok^^f r _jdG,vfi>* 

-05 

Fig. 15. Predictions for the differential cross section of 
n - p - scattering in ц Ь (GeV/c) 2 . 
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ою-

-U5 -lb 

Fig. 16. Predictions for the differential cross sections 
of я + p scattering in ji Ь (GeV/c) 2 
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^Ш0г 

Fig. 17. Predictions for the differential cross section 
of the reaction n ~p •> - " in цЬ (GeV/c) 2 



P=50 GeV/c 

t/Ge/cf 

u(G4//cf 

и(Шс)г 

Fig. 18. Predictions for the polarization parameter in 
n~ p scattering. 
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Fig. 19. Predictions for the polarization parameter in 
г + р scattering. 
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P ^-50 G4//c 

u(Cev/cf 
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Fig. 20. Predictions for the polarization parameter in 
the reaction п ~ p -» n-°n. 
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