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"I Total Elastic p-P Cross Sections
R kTh‘e differential cross  sections of the- elastic p-—p scauer{nc wer‘c-'nleasu»r(u:'
in the region- of small momentum transfers squared -{ les - - 0.1 1Gev cis.
the experiments performed at the Serp"ukhov accelerator and - Dubna synchrophasotron
" py the _method of multiple passages of an internal proton beam‘thrbugh a thin target”’ =5
In the region: 0.2 <} t} <08 (GeV/c)2 ~the elastic -p—p scatiering amplitude -
f(t) canbe parame.trfzed in'the form: ' . - e

R . ‘ at '\ C N 1 . ° 2 _. . v‘ : : . .
f(t)=(i+a)———"— exp.~—(bt+ct ) M
4  4hcNmo 2. ’
R 0 o s ) L . .o 3 ' , y
a= ___e_i_(_)__ ;- b is the slope parameter at small t, a and b were
T m £(0) R ¥
‘taken from /1 .?.4.5_/ * 'é( is the total cross section. . ‘ .
1t is shown in /341" hat for 11] <012 (GeV/Q)T it possible to tak
‘c =0 . The analysis of the results of ‘different éxperiments 6. 7/ shows that

in thé “energy range ‘of 2-30 GeV the value C is very weakly dependent on energy

and is equal to 2-3 (Gev/c)—# in the | ¢ interval 0.2-0.8 (GeV/c)? . Therefore

for the |t} range of 0.2-0.8 (GeV/c)2 we take. ¢ = 2.5 for all considered energy

region . .0, for - p=P . p—d and -p—1n interactions were taken from: refs.("g"l s
oy for P'4p , interactions was determined from iHeAfol!owing formula:

(in the limits of the errors), but in analysis 1/ = the: values ~a measured in /2 f/ :
but not from dispersion relations were used. The values b . from /1/  give : ]
.b, =041 3 006 (GeV/c) =2 . b,=732 & 0.25 (GeV/c)~2 in the following pa-

* The b values shoy&n in'~_/1/ .. and in table ! are in a»gl;’eem‘en»i with data:/:"/"

rametrization of the _p-Lp - slope parameter‘f b(s) - » ‘
b(s)= bb+2blfn(5,:'5_u)_-i_ S R
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A is the correctlon connected wnth the co
As it |s shown in /”/ . A"

|t at energles greater than 25 GeV e -~

ntrlbutlon of the region | t I > 0. 8 (GeV/c)

‘The ’total elastic p p cross: sectlons are shown in Table land in fig.|

the points from ref. /12/" As is seen from the flgure the total elastic
'section‘decreases with increasi

-GeV. This fact

is a consequence of that the slope parame{er increases
a

falls with mcreasmg energy, in the energy range of I0 70° GeV:~

. " . . A I+a =‘AV Ar . 1+a ,‘
S 0+2b s

bl is approxrmately the. slope ofthe Pomeranchuk trajectory, |t is equal to 0.4 (GeV/c)'-2
The emplrlcal ‘curve of the form

o E(p) =0 +alp TR se shown in fig.l. Itwas

used for-all energy range, We have ubtamed the followmg values for coefflments usmg our”

p p -data and’ data from ref. /12/

RS

="5.36 1 0.29mb; GI—IG N I7mb"n = 0545 + 0/061 (- Xz/l pomt Il)

Flg 2 shows present data’ g, /atot and data from other experiments. [t is: seen
" that ¢ L’/Ut or " falls with |ncreasmg energy; this ls a’quite understandable fact
“as the total p~p  cross sectlon faIIs very slowly ‘This is'in agreement with the complex
momentum theory ) . » - . .
; The lnum;-ntum: dependence of the value v, ',/‘atot in this venergy re'gion.was
i approximateq by the curve of the folloyving form.:
=f. '.IU tor ( ’; ) 1() ’."i.l 1 v " *

We haye obtained the following results“forxo‘ur data and data from ref. /12/:;

- o 4

[ exn (bt +ct )dltl)-lA S @

falls ‘with lncreasmg energy Itis possnb]e to neglect

" with
p—p cross’
ing energy from 16- to 5.7 mb in'the energy range of 2-1500

and the value. " **

~



‘ag = 0.157 £0.007

XZ
a; =0.360 +0.047 : ——=0.56
‘ T : 1 point
n =0.602 +.0.080 . -
There is some difference between our ¢ and J.p from /6/ . For obtaining
the .absolute values of do/dt we have used the I;'ﬁest data on total cross sections.
But the extrapolated data do/dt (t=0) from ref. /6 are higher, than optical points.

2. Total Elastic p~d ’Cross'Se;:ﬁons

" The differential c’ross sections of the elastic p—d scatterihg were measured
using the samé method /5,13,14/ |t is shown that the amplitude of the elastic p~d
cross section may be also parametrized by (I). To determine o eﬂ(p—d) , we have

integratéd the p—d differential cross section in the - . ¢ -region of 0.-0.2 (GeV/c)2 .
The parameters a . b , c were taken from /5'13/ , the correction’ ‘A was de-
termined from experiments at ‘liarge t . A< 0. mbat energies greater than 6 GeV.
"As p in the p-d scattering is equal to ~40 (GeV/c)"2 , approximately 90% of

o (o~ d)is contained in the t-interval of 0 Sl t] < 0.05 (GeV/c) 2 . As is
seen from fig.3 and Table !l 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. o : ‘ o -

3. Total Elastic p—n Cross Sections

The parameters of the elastic p—n scattering amplitude were -determined from
p—d and p—p elas‘rtic“scat'tering data in the framework of the Glauber model /157"
‘Formula (1) was also used for parametrization of the p—n elastic scattering amplitude
and (2) for O of (p-n) - . A and © were the same as for PP scattering. The
resu[ts are shown.in fig.l. As:is seen, Uez(p—n)coincide with O g (p—p). . within .
the limits of errors and-also decrease with increasing energy as Ueﬂ (p~p) . o

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

In ref. /16/ 0

limitation on the behaviour of the imaginary part of the elastic scattering amplitude
f(s,t) has been obtained for high energies:

n the basis of general principles of the quantum field theory ‘a - '
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. . n, ) - - : ,‘, ) . - 2 . o -
LMy g [(1+ L _) _Ttor. 7y @
.f(S,.O) . . d{"" _ =0 . (2-, +1)n! 2ﬂ+1 _ 167708?_' o

. Having 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, /8/; we tried to "’
check the performance of the inequalities (3).-As -the Calc‘ulations‘ shows, -inequalities (3)
for VtAhie fkir'js't' an*d_.second derivatives of ihep—ip?and p~d scaﬂe?ing amplitudes are performed
in the energy ‘range of 10-60 GeV. Table Il presents, as an ekarﬁple, the values of these
‘inequalities’ for p-p and p~d in't.ér‘acﬁéns at n=1-and n=2 at three energy values.- At
large n .the performance of the relations becomes to be more eviderﬂ. . RO .
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TABLE I ~

Total Elastid P-p Cross Sectiqns and the p-p
Slope parameter in-the ragion 0.08 £ |t] £ 0.12(GeV/c)°

~ PGeV/c B GVei(mb), 5 gf
2,8 16,3 + 1,0 7,60+ 0,43
4,8 14,4 + 1,2 7,80+ 0,44 -
6,9 10,6 + 0,6 9,I4 + 0,35
8,9 10,I + 0,5 9,40 + 0,30
10,9 9,9 +0,5 - 9,16 + 0,37
13,2 8,87+ 0,29 10,32 + 0,I7
15,5 | 8.75+ 0,29 10,3I + 0,I5
18,9 8,59+ 0,17 10,24 + O,II
21,7 8,15+ 0,16 . 10,47 + 0,14
24,6 - 8,02+ 0,16 10,48 +.0,I3
27,5 7,9+ 0,15 10,52 + 0,I2
30,5 7,87+ 0,14 10,49 + 0,12
33,3 7,66+0,14 10,69 # 0,I2
36,2 7,70+ 0,11 10,57 + 0,II
38,0 . -7,60£0,I0 - 10,68 £ 0,09
40,6 7,52+ 0,11 10,82 + 0,IT -
45,2 7,40+« 0,II - 10,90 + 0,09
50,6 - 7,48+ 0,12 10,84 + 0,II
52,1 7,33+ G, 12 11,00 + 0,12
54,4 7,23+ 0,11 11,12 + 0,13
57,0 ‘ 7,21+ 0,10 . II,II + 0,10
60,2 7,25+ 0,10 II,05 + 0,08
63,5 6,89+ 0,09 11,50 + 0,II
66,1 7,07¢£ 0,09 - II,24 + 0,II
63,2 ; 6,86+ 0,09 11,46 + 0,09

69,8 '6.86+ 0,I0 11,48 + 0,15

A systematic error in 6:1 18 3.5% at 134 p £ 70 GeV/c," .
©3%.2.3 £ 5 £ 10.9 GeV/c it is as =ntially ‘smaller than a

statisilcal one,

The tables of differ=ncial cross-sections with ol and (
values ire published in [ ' : T
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TABLE 1II

‘Total Elastic p-d Cross Sections ,

P GeV/c 0;1(111?;)' P GeV/c 6;'1(mb) P GeV/e G\él(mb)' P.Gef/c 6;1(“5) o

‘. 12,18:0,44
12, 840,91
© 11,5940, 76

10,39+0,57

- 9,68:0,50"

11,2 9,5I+0,34 57,2
15,9 9,31:0,35 60,8

20,5 8,80+0,25 64,8

26,5 8,6210,29° 70,2
34,8 8,27:0,23
48,9, 8,05:0,26

8,05+0,24.
7,88+0,21
7,8110,21
7,70+0,21

I4,4  8,96+0,31
20,8 8,87+0,23 "
47,2 . 8,07+0,I7
60,8 7,58+0,17
69,8 *7,88+0,16 .

For P> 11 GeV/c a systematic error in 6\’ el is, 3—4%, in the inter—

val 1,7 £ p & 10.9 GeV/c a’ systematic error is essentially smaller -

than a statistical one.

; ‘I‘ABLE'III.;:'«‘ o
_Values of Inequalities from &f..'ls for p-p’and p-d Scattering

- ‘ ' - m=2 . gy
‘P GeV/c values of inecs;ugl. values of inequal.in(GeV/c)
. — — - ﬁv . =7 - - -
15,5 ~5,00.£ 0,20 > 4,15 + 0,17 24,9%2,0 > 1I2;7+I,0:
30,5 5,34+ 0,20 7 4,38 + 0,19 28,5+2,1 > I4,T41,2
‘60,2 5,70 +°0,20 - 7 4,82 + 0,21 32,5:2,3 » 17,214
oa ,
15,9 : =‘I9;‘1 £0,8 7 13,7407 427 434 » 138 + 18
34,8 19,4+ 0,8 » I4,84+0,8 434+ 34 » I6I %19
-60,8 20,8 + 0,8 7 16,3 £ 0,9 504 £ 37 " I97 + 2T
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Fig.l. The total elastic. p~p and p-n _cross sections. @ -' , @ -our ‘p=p

data. . ¥ - ISR p=p data/I2/. . a , © - our p—n data. The syste- .
matic errors-are: & - 3.5%, 8 -"15%, o - 6%. The empirical curve is shown.



{_p-p

& —K.J. FOLEY ET AL.({963)

0.4 » — RM.EDEISTEIN ET AL(1972)
{ v - KH. CHERNEV €T AL, (1971)
’ o — G. BARBIELLINI ET AL{1972)
{ { a— D.HARTING ET AL. (1365)
« — T, Fu3ul ET AL, (1962)
3 ‘ 2}~ OUR DATA (1972)
603 B § *}
N h {i*
[)
© W
0.2r »’L\n.\
- ¥
SRR
0.1}
0 e el Lo sl NN |
12 4 1{0-20 40 100 300 1000 2000

P(cev/c)

Fig.2. The dependence g p /Ut (P) for p—p . interactions. The empirical curve for

our data and ISR data /12/ is shown.
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