
JOINT INSTITUTE FOR NUCLEAR RESEARCH 

Laboratory of High Energies 

B.A. Shahbazyan 

D- 450 

PROTON-PROTON ELASTIC SCATTERING ANALYSIS 

AT 8.5 BEV 

Du b n a 19S9 ... 

IJH 



B.A. Shahbazyan 

PROTON-PROTON ELASTIC SCATTERING ANALYSIS 

AT 8.5 BEV 

0-450 



An investigation of elastic proton-proton scat:ering at B. 5 Oe V revealed tloe inconsistence 

of the measured cen~er of mass dtfferential c ross sec~ion with that calculated for an op~ical model 

of a purely absorbing nucleon/ 1/,/2/ 

The expert mental results may be satisfied with an op~ ical model of a umform spherical ab

sorbing anJ refracting nucleon with sharp boundaries , the opucal parameter betng as large as 

R ~ ( 1.5+1.7). 10-13cm, (the sptns of the colliding nucleons a re neglected/ 2- ) It \\OulJ be 

of interest o inves t igate the rol e and the magnitude of spin dependent interactions a · 8.5 i3eV. 

This may be pe rformed, in the simplest way assumtng the phase shifts .o be purely imagina· 

ry and :he reaction matrix to be tndependent of the total angular momentu m ' 3' 

Then the difference in the scattering amplitudes in the singlet a nd triple sta es is due to 

:he spin in.:e ra: tion of a central character, depending only on the mutual orientat ion of nucleon 

spins. In this approximation a phase shift analysis of elastic p-p scatten ng was made at 8.5 i3eV 

for ! ::a l5. 
~a~ / 
let us try as in / 3 to approxim~· t•: : \<: experimental points by a function 

db(e} =- (t, t4Jjt.e+ £ .t ) ( 1 _ __f_] .t 
ol 11. 1 a ~47s~ a.~ 

( 1 ) 

The relationship between ·he parameter a and the upper limHs of the parameters b and c 

de fined by the following condi cion 1) 

Acco~Jing ~o / 3/ 
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Here k, is the inctdent proton wave number in the c .m.s. ,. Ci{{a.) 
the second kind for a.>j . As far as q(a) wuh the increas ing f' 
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remaining at the same t ime positive, condition ( 2) is to be fulfulled first of all for!~ 0 and for 

f = 1 ( ~/'a) ~ 0). The parameters c and b obtained from this condition are at the 
tJo~ts , 

same t ime d.e largest ones for the give n value of a . IJ 

1 

C:,_ ~ ,fk [ Q.(a J - _t.J 
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For each se t of a, b, c, 1 and ~ were calculated. The tota l elasttc and Inelastic 

cross sections were ca lculfted from the following formulae 

If 

b =. 2!.... ' /4 t' -1-/) /:) K L et /( 1 L '(i' '-re 
t1 6: o 

( 5 ) 
6" Ji 1-1 .z } 3 ,_ ~5 ' r) l. ~ ) 
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The calculated values of ~f and ~t as a function of the parame ter a ( and for the corres

ponding \'al ues of b and c ) are shown in fig. 1 and 2. It follows from here that the best ag

reement of the calculated values of ~t and Git with th~ experimental ones 

l 

~ = (8.6 ~ 0.8)mb / 2/ and ~ ::= 31 mb / 4/ is obtained by the following set of parameters 

a ::; 1.001, i> = 1.73. 10-15cm, c :::; 0.88. 1o-15 em for which the calculated tota l cross sec- / 
" ' tions are correspondingly 6 t&t 8 mb, ~t ~ 25 ,5 mb and 6; -=o 33.5 mb. However, 

et ~ t from fig. 3 it is clear tltat none of the sets of a, b, c including that the cited above satis- .. 

fy the experimenta l c.m.s. differential cross section .. When approximating the experimental points 

by the best fit curve of the form ( 1) (a = l.Ol,b2= 41.7fl c2 ~ 41.5 t'& ) one obtains 

'l f=t 0,2,4,6 < 0 l 'l t • 0,2 ,4 l > 1 and 1 t~1,3 < 0 in contradiction with condi-
tion ( 2 ). In order to tnvestigate the influence of the form of the approximating curve the phase 

s hift analysis was performed for the approximating curve of the form 

dfi(f9) ~ [fi'+B"'Co5,.8+ di.C454e+ ~1c,5~][a ~t.rJ~ -:a]1. ( s) 

d fl. c :t,. .z .s .2:} 
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Then conditions ( 4 ) take the following form 

{ 

+i. 

1 41. ( [ .t~j .tk.'iJ j.J ( 6) - 'l :::--=; 8 +aJ.:.lJ ) ~ (a)-__:_ - "'~r¥ A' f}x)dx qJ. 
l !ct~tt v3 lltQ,{ m~ "foe~t~ Ja l. a.~,(J (. 

J<.~cr.,e -1 
The second term in the last inequa-.ty v. ith the increasing l decreases more rapidly than the 

first one, so that f ... ~> 0 for all L ~ 1 + 15.. The coefficients .;:/""' 3.38. 10-15cm. 

3::: 2. 10-15cm, D-::: 6 · 1Q-15cm found from the experiment do not satisfy (6) in contradiction with 

condition ( 2 ). 

A similar situation takes place for an approximating cun·e of tt.e form 

dfi(e) _ N2( 1 _ L) l 
.. ....... :11. t,..... a J. dJ2. a -~ 17 

a ~8,{,g .,o-f)~ 
In conclusion one may state that it is impossible to describe the results of the experiment 

I 1 I , I 2 I by a model of a purely absorbing nucleon with account of the spin-spin interaction in 

the approximation of / 3 I . 
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The calculated values or the total cross section for the clastic 
proton-proton interaction at S.a 3eV as a function of the values 
for the para' tleter a. 
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The cal cul ated values of the total cross section for the inelastic 
rtroton- Jir!lton interaction at 8.5 :leV as a function of the values for 
t he 11aramcter a. 
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Di/fetential c toss uctlon 
/or elastic p-p scattetln1 
at 8.5 BeV In tbe c.m.s. 

• Tbe data of pape t ( 2 ) • 

Nucleon optical mod•l 
(a uniform absorbln1 and 
refracting spber• wltb sharp 

boundarlu) 
R::rl.5f+ l.7f. 

G'tt•8¥mb 

G', t•22mb t4 mb "' 16 mh 
_ Phau shift analysis 

according to f J ). 
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The experimental and calculated differential cross sections for 
elastic proton-proton scattering at 8. 5 lJeV in the c.m.s. 
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