
,,. 
,•. 

OS'bE.LJ.HH.EHHblti 
. ~ HHCTHTYT 

.·. . RllEPHbJX 
HccnE.LJ.OBAH 11 VI 

rir68a: ·. · . . · · · 

.... ·.· 3/r(JjJ.,~1-3' . El · 6743 

·,;· 

·1· ' . . '· ., 

' ' 
. ;· -~·. G.G~~emogikh, A.Bujak, V.A.Nikitin, . 
M.G~Shafranova, V.A.Sviridov, Tru~ng Bien,, 

.. ·, :' L.V ~v•kh~y~nts~va~ V .I.Zaya~hki, L.S.Zolin ; 
·,. ·. 

; . 
'·,' ~·, . . TOTAL ELASJ'IC p·p,_ p-d; p·n .. ' 

CROSS · SECriONS IN .THE . ENERGY 
' .'"_:. ~· ::,.';: RANGE- ···~F V70 GEV 

' . ~ 

' . 
'j< ··._,..· 

. .. -
.·;, 

.. ~' .·:; 
..1. ~ • 

. ,·1972 ., :.. 
·"'" ~· ' 

.. ·· 

; ' 

.·' _,_; .. 1, • ; ' 

.. ·• r 

' ' 



~ICATIONS 

:J. pr;. , . i.nt. Institute for 
·• · • • ·. · • .i ngmal publica-
G'. G ~ .· . rticle 4 of the 
El 't .. communications 
~ , l.C ished in future 
·n · , Iections. · 

.•. 
72. ,. 
-.-.-, 

' _,; . 
ted publi.cations 

·· · fi~ures of the 

· es the language __ ,. 
.. -~ ·~ 

. ' .- : 
' :.~f . 

. ~., . '·· ' ... 
!; • 

. ·.\." 

t 
r 

El · 6743 

G.G.Beznogikh, A.Bujak, V .A.Nikitin, 
M.G.Shafranova, V.A.Sviridov, ·Truong Bien, 

L.V .Vikhlyantseva, V .I.Zayachki, L.S.Zolin 

TOTAL ELASTIC p·p, p-d, p·n 
CROSS SECTIONS IN THE ENERGY 

RANGE OF l-70 GEV 

Submitted to Pby1ic1 Letter1 

OiHAH!iClll'!Wil HHC'ftll11' I 
s.aepzwx ~CCJ~eAoaatmtl 

6WGIIHOTEKA 



I. Total Elastic p-p Cross Sections 

The differential cross sections of the elastic p- p scath·nnc wer-.. mea~lln·o:· 
in the region· of small momentum transfers squared.( It : _ (J I. 1Gr,V •rl ;. . ' tn 

the experiments performed at the Serpukhov accelerator and Oubna synchrophasotr·on 

by the method of multiple pmoges of on inten>OI pcoton beom th<uugh • tho" to<gel · 

1 

-< 
In the region 0.2 :;; I t \. :.:; 0.8 (GeV jc) 2 the elastic p- p scattenng amp I itudr- · 

f ( t) can be parame~rized in_ the form: 

u ·, ' . 
f ( t) = ( i + a) t exp L (b t + c t 

2 
) 

4hcF 2 ~ · 

(I) 

Ref (0) 

lm f (0) 

b is the slope 'parameter at small t, a and b wen 
a= 

taken from /1 .~ ,4,5./ * ; _u 
1
- is the total d~oss secti'on. 

It is shown in 13 •41 .that for: \ tl .·::; 0.12 (GeV/c)
2 

it is possible to tal<.~ 
·c = 0 .' The analysis- of· the re~·ults' of different experi~ents .' 

6 
· 

1 
I shows that 

in the ·energy range of 2-30 GeV the value c is very weakly dependent on energy 
and is equal to 2-3 (GeV/c)-4 in the I tl interval0.2-0.8 (GeV/c)

2 
. ThereforP 

for the I tl range of 0.2-0.8 (GeV/c) 2 we take c = 2.5 for all consider~d ener?y 
region . . u t for p-p , p-d and p-n interactions were taken from refs. 

1 8

-

10 

' _ 

uP.V for P- P interactions was determined from the following formula: 

---------------------- . . . * The b values shown in/I/ · and in table I are i~ agreement with data /3/' 
(in the limits of the errors)~ but ill anaiysis. /1/. the values · a measured in /2/ 
but not from dispersion relations were used. The values b . from /I/ give : 

• b 

1 

= 0.41 :!: 0.06 (GeV /c) - 2 ,' b 
0 

= 7.32 ±. 0.25 (GeV jc)-
2 

in the following pa-

rametrization of the _p- p slope param~t~r. b(s) 

b(:s) = b0+2b 1fn(S /S 0 ). 
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<- • • ·v. 

a ee 
. a 2 0./.2 

-== (1 + a 
2

) t. . . ( f exp bt dl t I + 
.-16TT (he) 2 0 · 

0.8 2 
· 1 f exp (bt + c t ) d I t I) i: ~

o:12 

· . 
. · 

' .. 

·: .... · 
(2) 

~~ 

~ is the correctiofl connected with the contrib~tion of the region I t I > 0.8. (G~V /c)2: • 
As it is" shown in /ll I .· . ~- falls with increasing ~neqiy: It is possibl~ to neglect 
it at energies greater than 25 G~V.. · .. · '·· 

.. 

The total elastic p- p. cross sections are shown in :Table I and in fig. I . with··.'·· .. 
the. point~ from ref. 112

/ . As is ~een f~om the fig~re. the t6t~J ~lastic ·p- p. cross: 
section decreases with increasing energy from 16. to_ 5.7 mb in .the energy range of2-1500 
GeV. This fact is a conseq~ence of that the slope parameter increases and the v~lue. 

a falls with increasing energy, in the ener.gy.:ange of 10~7Cl.GeV: . · '< 

-1.,.-' 

4. . :_. -A.:......_,:-.. .L±s!.:. 
a e·- :- A ·b ..... e . . ' . 

·C 
·. 

·• b 1 is approximately the-slopeofthePomeranchukt~aj~cto_ry, it is eq!-'al t·~-0.4 (GeV/c)-~ 
·. T~e empirical curve of t~e for~ rr ef(p) =.a 

0 
+a 

1 
p -n . is ·shown in fig. I. ., It wa~ 

'. . .. . . ' ., ... ' •, 

used for all energy rdnge. We have obtained the following values for coefficients usi~g our· 

p:. p data and data fro~ ref/121 :. .'· .. 

a0 ~ 5,36 ± 0.29mb;Oj=l6 .I ± 1.7mbi n = 0.545 · t 0/061 (· .: X 2 II point = 1.1), 

Fig.2 shows present data . aee /a tot and data from other experiments. It is· seen 
that a ,r 1 a-tot falls with increasing energy; this is a· quite understa~dable ,fad, 
as the total rr- ji · cross section falls very.slowly. This is' in agreement with the c?mplex 
momentum theory. 

fhn rnom••nturr!. •Jependence of the value 
approximated b~ thn i:iir·ve of the following for:m: 

rr· 1 .-'a ([J) 
<>[. tot l t-. I) .c.l "[[I-n 

I a ; a 
ce . tot in this energy region was 

We have obtained the following results for .our data and data from ref. /l2i:, 
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' 
-~ 
I 
! 

I 

. a 0 = 0,157 ± 0.007 

a 1 = 0.360 ± 0.047 

n =0.602 +.0.080. 

x2 
0.56 

1 poif!t 

There is some difference between our . a ee and aee from / 6 

the absolut~ values of da / d t we have used the ~test data on to1 
But the extr~polated data da / d t ( t= 0) from ref. 16 are higher, t 

2. Total Elastic p-d Cross Sections 

. The differential cross sections of the elastic p- d scatterin· 
using the same method 15 •13 •141 . It is shown that the amplitude of the 
cross section may be also parametrized by (1). To determine a ee( 

integrated the p- d differential cross sectio.n in the t -region of' 
The parameters a , b , c were taken from 15 •131 , the correc 
termined from experiments at large t . ~ < 0.1 mb at energies g 

·As b in the p-d scattering is equal to ..,. 40 (GeV /c)- 2 , app1 
aee (p- d)is contained in the t-interval of 0::: lti:::0.05 (G 

seen from fig.3 and Table II the total elastic p- d cross section a 
increasing energy. The physical reasons of this fact are the same a: 
p- p scattering. 

3. Total Elastic p- n Cross Sections 

The parameters of the elastic p-n scattering amplitude were 
p- d arid p- p elastic scattering data in the .framework of the Gla 

Formula (I) was also used for parametrization of.the p-n elastic sc 
and (2) for a ee (p-n) ~ and 0 were the same as for p-

0 

resu~ts are shown in fig.l. As is seen, aee(p-n)coincide with a Ji 
the limits of errors and also decrease with increasing energy as ace (p-

4. Asymptotic Relations and Energy Dependence of the Elastic and Tc 

In ref. 1161 on the basis of general principles of the quan 
I imitation on the behaviour of the imaginary pari of the elastic sc 

f (s, t) has been obtained for high _energies: 
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It Cll tl + ··' 

~ i 

the region I t I >. 0.~. (G~V /c)2. , 
. energy~ It is possib"lil to neglect 

•.·,.'. 

·~ . -,.· \: 

n in ~·Table _I and in fig. I with·' · 
r!l~ the tot~l ~lastic p- p'.'cross:· 
r mb i~.the energy range ofZ-1500 
lararJ'!eter increases and the v~lue. 
F 1p:7o',GeV: · · ·: 

2 ~:.:. ·.,· , .... 

~n ·s •'-',, 
'·,; 

:to_ry, it is eq~al t~: 0.4 (GeV /c)-~ 
-n .; is·shown in·fig.l. · It was 

~ i .. ' 

I values {or coeffi~ients ~~ing o~r 
~· . 

t 0/061 ·(·.: ~ 2;1 point ,;, 1:1·), 
om other experiments. It is·seen . 
' is' a· quite understandable fact 
is.inagreement with th~ c?~ple~ 

'at 
in this energy region. was 

·. /P' 
:a from ref. -I : 

' / .. · 

.. 
1 
I 
I 

,I 
! 

! 

a 
0 

== 0.157 ± 0.007 

a 1 == 0,360 ±. 0,047 1 point 
0.56 

n ==~.602 +.0.080 • 

There is some difference between our a eC and a eC from 16 I . For obtaining 
the .absolute values of da I d t we have used the ~test data on total cross sections'. 
But the extrapolated data da I dt (t=O) from ref./6 are higher, than optical points. 

2. Total Elastic p-7d Cross Sections 

: The differential cross sections of the elastic p- d scattering were measured 
using the same method 15 •13 •141 . It is shown that the amplitude of the elastic p- d 
cross section may be also parametrized by (1). To determine a eC(p- d) , we have 

integrated the p- d differential cross section in the t -region of 0.-0.2 (GeV/c) 
2 

. 

The parameters a , b , c were taken fro~ 15 •131 , the correction /). was de
termined from experiments at large t . /). < 0.1 mb at energies greater than 6 GeV. 

·As b in the p-d scattering is equal to -40 (GeV /c)- 2 , approximately 90% of 
aeC (p- d) is contained in the t-interval of 0 ~ :1 tl.~ 0.05 (GeV/c) -2 . As is 

seen from fig.3 and Table II the total elastic p- d cross section also decreases with 
increasing energy. The physical reasons of this fact are the same as in the case of the 

p- p scattering. 

3. Total Elastic p- n Cross Sections 

The parameters of the elastic p-n scattering amplitude were ·determined from 
p- d arid p- p elastic scattering data in the framework of the Glauber model 1151 . 

Formula (I) was also used for parametrization ofthe p- n elastic scattering amplitude 
and (2) for a eC (p-n) 11 and c were the ~arne as for p- p scattering. The 
resu~ts are shown. in fig.l. As is seen, aec(p-n)coincide W'ith a;_ (p-p) .. within 
the limits of errors and also decrease with increasing energy as ace (p-p) 

4. Asymptotic Relations and Energy Dependence of the Elastic and Total Cross Sections 

In ref. 1161 on the basis of general principles of the quantum field theory a 
I imitation on the behaviour of the imaginary part of the elastic scattering amp I itude 

f (s,t) has been obtained for high energies: 
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. 

1 · dnf(s t). · -[ , 
f(s,O) · dtn ]~ 

16TTaef:-

] > 
t=O 

_1_[(1+....:1_)-
(41 +l)n! 2m1 (3) 

Havirig determined the p-p, p-d , p-n. slope parameters at small t , the. cross· 
sections_ of the elastic scattering and the total cross sections from ref. I 8/, we tried to · ' 

. ~heck the. performance of the inequalities (3). As the calculations sho~~. inequaliti~s (3) 
for ttie fir:s~ and second de;ivatives ofthep-pland p-d scattering amplitudes are performed 
in the energy range of 10-60 GeV. Table Ill presents, as an example, the values of these 
inequalities''fo~ p'-p and p-d iriter_actions at n ~ 1 and n~2 at three energy values. At 
large n the performance of the relations becomes to be more evident. .... 

';• 
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TABLE I 

Total Elastic p-p Cross Sections and the p-p 

Slope parameter in the rag:ion 0.08 :!0./t./ s. 0.12(GeV/c)2 

PGeV/c Oei(mb) ~· 
2,8 I6,3 ± r.o 7,60± 0,43 
4,8 I4,4 ± I,2 7,80:!:. o;44 · 
6,9 I0,6:!:. 0,6 9,I4 :!:. 0,35 
8,9 IO,I ± 0,5 9,40 :!:. 0,30 

I0,9 9,9 ± 0,5 9,I6 :!:. 0,37 
I3,2 8,87.:t 0,29 I0,32 :!:. O,I7 
I5,5 8.75.:!: 0,29 I0,3I .:!: O,I5 
I8,9 8,59.:!: O,I7 ro,24 :!:. o,rr 
21,7 8,I5.:t O,I6 . I0,47.:!: O,I4 
24,6 8,02.± 0,16 !0,48:!:. O,I3 
27,5 7,96.:t O,I5 ·I0,52':!:. O,I2 
30,5 7,87:!:. O,I4 I0,49 :!:. O,I2 
33,3 7,66.:tO,I4 I0,69 ±.. O,I2 
36,2 7, 70±.. O~II I0,57 ±. O,II 
38,0 7,60:!:, O,IO I0,68 ±. 0,09 
40,6 7,52.± o,rr I0,82:!:. O,II 
45,2 7,40±. o.rr to,90 ±..0,09 
50,6 7,48:!;. O,I2 10,84 :!:. O,II 
52,1 7,33.:tO,I2 rr.oo ±. o,r2 
54;4 7 .23.± 0, II II,I2 ±. O,I3 
57,0 7,2I.:t O,IO . II,II :!:. O,IO 
60,2 7,25:!:, O,IO II,05 :!:. 0,08 
63,5 6,89;t 0,09 II,50 ±. O,II 
66,I 7,07;t 0,09 . II,24 :!:. O,II 
69,2 6, 86±. 0,09 II,46 :!:. 0,09 
69,8 6. 86±. o, ro II,48 ±. o.rs 

A sys!:t-matic error in Oel is ).5% at ·13t. p L 70 GeV/c, · 

at 2.d f ~ ~ 10.9 GeV/c it is e~ ~ntially smaller thaD a 

static; Leal one. 
~--------

The tables o£ differ~ncial cross-~ections with cl and 
values J.re published in -'11. 
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T.A B L E II 

: Total-E~astic P-d Cross Sections 

P GeV/c 0:1(mb) 
P GeV/c tJ;1 (mb) P GeV/c Uel(mb), 

I, 7: I2 .• IB±.0,44_ II,2 9,5I;t0,34 
2,8 .. I2,84+0~9I. I5,9 .9;3!+0,35 ·- . - ~ 
4,8- II,59:!:,0,76 20,5 8,80±.0,29 
6,9 !0,39+0,57. 26,5. 8,62+0,29; 
8,9 .. - 9,6.S:o,5o: 34,8 8,27;0,23 
ro,9 · ·ro,82:o,6.5 48,9 .8.o.sro,26 - " -··· -

57,2 
60,8 
64,8 
70,2 

8,05;t0,24. 
7,88±0,2± 
7,8I;t0,2~ ~ 
7, 70z.O, 2I E 

6 

For p '> 11 GeV/c a systematic erro~ :in fl'el is. 3-:4%, 
'- Val 1.7 ~ p ~ 10.9 GeV!c._ a systemat_ic e:i:-ror is essent. 

than a statistical one. 

.'J! .A. B LE III 

Values o:f'_~equalities :f'rom Bl!:f'~.-16 :f'or p-.P'and p-d Sc 

n = 1 . "' . .. n =· 2. 
P GeV/c values o:f' inequal~ in. values o:f' ineq 

. - ~ (G•Jt'c)-~ . . . 
~p 

I5,5 -5~00 ±. 0,20 ~ 4,!5 ±. O,I7 24,9±.2,0 7. I; 
30~5 5,34. + o;2o 7 · 4,38 ±. o, I9 28,5;t2.r ~ r~ 

·60,2 5,7o ~,-:o.2o- 7 4,82 ±. o,2r. 32,5.t2d 
7 

· ·r~ 
p-d. 

!5,9. 'I9·I + o 8 ~ 13,7±.·0,7 427 :!:. 34 "7 r; I. - I 

34,8:. 19,4 :!:. 0,8 7 I4,8 ±.' 0,8 434 :!:. 34 "'7' I6 . ·60,8 20,8:!:. 0,8 7 I6,3 ±. 0,9 504 ±. 37 7 · I9 : . . : .. 
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1 and the p-p 
Jtl ~ 0.12(GeV/c) 2 

50+ 0,43 
BOt 0;44·· 
[4 ±. 0,35 
40 :!:,0,30 
I6:!:. 0,37 
32;tO,I7 
31 ± O,I5 
24;t O,II· 
47 ± O,I4 
48 :!:. O,I3 
52'±. O,I2 
49 :!:. O,I2 
69 ;t.O,I2 
57 ±. O,II 
,68 ±. 0,09 
,82 :!:. O,II 
;90 :!:.. 0,09 
,84 ±. O,II 
,00 ± O,I2 
,I2 ±. O,I3 
,II ±. o,ro 
,05:!:, 0,08 
,50 ±. O,II 
,24 ±. O,II 
,46:!:, 0,09 
,48 + O,I5 

; at ·13L p '- 70 GeV/c, · 

ally smaller thaD a 

ions with r:l and t 

( ,.·." 
'11 .. 

··. .. 

.. 
.. · 

'~. •' ' . 
·,. 

TABLE II 

Total Elastic p-d Cross Sections 

P GeV/c U:1 (mb) . P GeV/c ~1(mb) P GeV/c Uel(mb) P GeV(c u;l (mb)_ 

I,7 · I2_,IB;t0,44 II,2 9,5I;t0,34 57,2 8,05;t0,24 !4,4_ 8,96+0,3! - . ' 2,8 ·r2, 84+0,9! I5,9 9;3I;t0,35 60,8 7 .88;t0,2± 20,8 8,87;t0~23 ·- . 
47,2 4,8· II,59;t0,76 20,5 8,80±0,29 64,8 7,8I;t0,2I 8,07;tO,I7 

6,9 I0,3_9;t0,57 26,5_ 8,62;t0,29'· 70,2 7, 70;t,0,2I 60,8 7,58;tO,I7 
8,9 . 9,68;t0,50 34,8 8,27±0,23 69,8. 7,88;tO,I6 
I0,9 !0,82+0,65 48,9_ . 8, 05±,0, 26 - ··', 

For p .,. 11 G~V/c a systematic erroi- in ·O'el is. 3-4%, in the .inter

val 1.7 ~ p ~ 10~9 GeV/c. a systematic error is essentially smaller 

than a statfstical one. 

TABLE III·· 

. Values of Inequalities from lef ~ 16 for p-p ·and p-d Scattering _ 

D = 1 D = 2' -4 P GeV/c values of inequ~l~ in 
" values of inequai.in(GeV/c) (G•"?"(c)- p=p 

I5,5 . 5',00 ±. 0,20 ~ 4,I5 ±. O,I7 24,9;t2,0 ,. I2:~ 7:t.r.o: 
30~5 5,34-+ o,2o 7 4,38 ± O,I9 28,5;t2,I ~ I4,I;ti,2 

5~70 i'=o,2o· 7 4,82 ± 0,2I- I7,2;ti, 4 
~-, ·60,2 32,5±,2,3 ,. 

p-d 

!5,9. 'I9·I + o 8 
J. - ' 

'? I3,7:!:. 0,7 427 ± 34 "? I:38 ±. !8 
34,8~ I9,4 ± 0,8 ,. !4,8:!:. 0,8 434 ± 34 ..., I6I + I9 - ·' ~-,:_60,8 20,8 ± 0,8 "7 I6,3 ± 0,9 504 ± 37 7 I97 ± 2I 
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