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Summary 

The slope parameter of the p-n elastic 
s~attering di£ferential cro~~ sectiori ~nd 
apn (the ratio 'of the real to the imaginary 
part of the p-n elastic scattering ampli
tude) have been determined in the framework 
of the Glauber model_ using· the p'-d .and p.-p _ 
elastic sc~ttering _data at small ang_les 
obtained at the Serpukhov accelerator. It 
is ·shown that the properties of the p-n 
scattering amplitude are similar to thqse 
ofthe p-:p scattering amplitude: the-slope 
parameter increases with increasing energy, 
apn. is negative and decreases·in its 

abs.olute value when en'ergy increases in 
accordance with dispersion relations. 

In~ro_duction. 

Experimental" data on .Jhe p_-:: n scattering __ at high 
energies make it possible to test variou's models of the 
theory of strong interactioiis. It is o{ great· interest to 
compare. apn · (t~'e ratio· o(the _real to th~ i~ag_in~ry 
part of the p..:.n elastic scattering amplitude) at r-~ o with 
the predictions of dispersion relaW:nis. Thecomparison of 
the p - n and n ·;_ p scattering amplitudes permits to check 
the Glauber modeL··· · · · · 

In order to determine the properties of the r ..:..n elastic 
scattering amplitude; the differential cross section of the 
p - d /z ,2! and ·r -:-p/3.4/elastic scattering were measured at 
the Serpukhov accelerator in the energy range of 10 -
70 GeV. Thedata·_were taken in the interval 0.002 Slti.:S 
~ 0.2 (GeV jc)2. For ana.lysis the Glauber model was used.· 
In the. framework of this model it is possible to express 
the p-d elastic·· scattering differential cross s'eetion-. 
through the p ~p\md p -~ 'elastic sc'att~ring amplitudes'o'n 
free nucleons f PP (t) and fvn (t) at small values of the 
squared four-momentum transfer t : . 

I do I= tsr4t }[f reJ + exp (ix Jf (tJ + exp(ix Jf (t}] + 
dt c _;, cp. pp . en . pn 

+ 
'1f 2 
-' - exp (i)( ·· J .-'[ r-J..JI ( 4t J ./G I . 

. . cpn _. pn .. 4 ,, pp .. , .. ~1) 

For the. scattering _amplitudes o~ free. nucleons the follow:.. 
ing.param'etdzation was used~ . 

rreJ = · o ---~n-+-izJ~'ir r.i!_J · 
4 .r;:;.L ... . '>.· .• 2: ·' . "1T 71:- . . •.. 

3 



where a - are the total cross sections, their- values 
were taken from ref. /6/ . b is the slope parameter, 

- -i.,., 2n 1r V TT • F ( t) • e 
f c = t is the Coulomb scattering 

amplitude, where 
formfactor 

F(t} is the proton electromagnetic 

2 l 
1. 061r 

T! n • n , 
avid 

n ~- J/137 f3 lab. ( f3 lab. is the· veloc!ty of the incident 
particle in the lab. system in units of c ), a is the value 
of the order of the nucleon.:.nucleon radius (1 fm): · 

· .2-t --2 t ··2 e·· · 
s_ ( yJ = so r TJ + _s 2 r 4J' 

S0 (t) and 52 (t} are th![ deuteron form factors in S- and 
D -states. The yalue_ S ( 1-) is taken from ref, 171. .· 

Xi ( i = cp ~ _en , cpn ) represent mea11 values of 
phase shifts of the Coulomb amplitude -with respect to 
nuclear scattering (. X cp ' X en and. X Cpl .. are cprres
pondingly phase shifts with resp~ctto R:-P, p -. n and 

·double nuclear scatterings). It is shown in ref. · /B/ that 
X cp = X en = ><;cvn = 0.06;it is pra~tically possible to -neg
lect the dependence of these values on energy .. ' · · 

IG .is the. Glauber integral. It was taken to be. equal to 
0.028'. mb -I 171. Having .the· p -_d elastic . __ - sc'attering 
differential cross sections, the parameters ,of the p -pelas-:
tic scattering amplitude. and the deuteron form factor, we 
J1ave .calculated the paraineters_of the p -~elasticscattering 
amplitude by the formula (1). . .. : 

1. Slope Parameter of the p - n Elastic Scattering 

The obtained values of b vn are given .in._ fig. 1 and 
Table.· The Table shows only the statistical errors. The 
systematic error in bvn is mainly based on the assump-:-. 
tion that the slope parameter of · b;v c~inci~~s wipi _t~~t 
of the n- p scattering (bnv )at the energies oflO- 26 GeV. 
This assumption was made from the analysis of the expe
rimental data on the p- p and n- p elasticscatter.ing /9- 14~ 
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As · is seen from fig. 1, the slope parameter of the 
p -n elastic scattering increases with increasing energy. 
It is important to note that ·using theoretical values of 
the deuteron form faCtor the calculation of bvn gives 
a similardependence of· bv;. -on energy. For comparison 
fig. 1 presents the ·straight line corresponding to the 
dependence of the p - P. slope parameter in the same 
energy range found in 141. For (O.oos<iel< 0.12(GeV jc) 2· ) 

the energy dependence· of the p -p slope parameter was 
approximate~ by the formula: 

b PP(S)= b 0 +.2b 1 ln (SfS 0 ), (2) . 

where b0 and b1 are equal to: b0 = 7.32 ± 0.25 (GeV jc)-2
, 

b 1= 0.41 ± 0.06 (GeV jc) - 2
• In the frameworkoftheRegge:.. 

pole model the slope of the Pomeranchuk trajectory makes 
a main contribution to b 1 • It is seen that the obtained 
values of b vn sa~hsfactorily lie on this straight line 
( x ~number degree "' 2). · The energy dependence of the 
p-n slope parameter as well as that of the p -p slope 
parameter shows that the cone gets narrow with increasing 
energy. In the framework of the complex momentum theory 
this fact points to that the slope of the Pomeranchuk 
trajectory is diffe:r:ent from .zero. 

2. Ratio of the Real to the Imaginary Part· 
of the p-n Elastic.- Scattering Amplitude at_. t.,. 0 

• r, • •, 

The energy dependence. of _the real. part of the p -n 
elasti~ scattering amplitude . found by formula (1) is 
presented in fig. 2. The values,of a pn ':"Re fvn(O) I lm f vn (O) 
together with the data on the slope parameter. b pn are 

·presented in Table. The statistical errors are'given.·The 
systematic errors in the p -d elastic scattering differen
tial cross section are discussed in ref. /I/. They give 
a main ·source of, sy~temaUc error. in a v n and _ b i~n . 
Figure •2 also presents the data: from .refs;~ · /15. 16/ and 
the results · of ·dispersion r·elation calculations from 
refs~ /I 7• 181. One can see that the real part of the 
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p -n elastic scattering .amplitude· is negative and falls in· 
its absolute. value with increasing energy in agreement 
with t_he calculations obta;ned by, dlfiper,sion re,latio'ns. 
Thus, the ,a pn and ~ PP '

3
( data ·agr~e :vHh the disper.-. 

sion relations. In order to check. the .influen<?e of. X·cp _, 

X en , X cpn on the result; the-version ha~i been calcu
lated in which .au· these values are equal to zero. It has 
been found out that in this case . b pn . increases by 
,., 0.6 - 0. 7 (GeV jc) - 2 and a pn incre!J.ses in itS absolute 
value by '" 0.05. · 

One can see from the Table that iri the considered 
energy range the parameters of ·the p-p amplitude 
( aPP and b PP ) are similar to thoseof thep-namplitude 
(a pn and b pn ). These data .permi_t to conclude that 
scattering amplitudes. in . isotopic. . states T;, I. and 
r·= 0 are similar at high e"nergie~ and_ at small .} . 
· · Analogous conclusions have been drawn in ref./6

/ by 
measuring the total. p - p ·and p _; n. cross sections. 

The authors are deeply grateful to T.F.Grabovskaya, 
A.P .Laricheva and L. Undrakh for their assistance. 
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Fig. 1. Slope parameter of the p ..:.n elastic scattering at 
10 - 70 GeV. For comparison the straight line is plotted· 
describing the energy dependence of the slope parameter 
of the p -p elastic scattering 141. 
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Fig. 2. a vn = !m f :: (0Tinth~ energyrangeofl- 70 GeV. 

•. :.. this pa,~er, systematic error I'!. a vn = ± 0.13. • -ref. /Is/ 
, - ref. I 61 ~ Curve 1 wjth the corridor of errors;' 

and 1" is taken from ref. 1171, curve 2- from ref. /1 8 • 
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Re f pn (0) Table 
Slope parameter b vn and value a pn = 

· :1m f (0) 
pn 

For comparison we present values b PP and a PP for 
. p-p scattering measured at the nearest momenta. 

Plab. bpn bpp 
of.·pn ot• /3,11/ 

(GeV/c) (GeV/c)-2 (GeV/c)-2 PP 

O.OOU.ft/~0.05 0.008~/t/~0~12 
(GeV/c)2 (GeV/c)2 

11.2 9o95;t0~72 -o.21;t(>.07 -Q.290;t(>.013 

15o9 9o58;t(>o56 10.31;t(>.15 -Do38;t(>o06 

20.5 9o42;t(>o44 10.24;t(>.11 -0.35;t<>.06 -0.258!;0.020 

26o5 10.22!;0.58 10.52!;0.12 -DoJ5!;0o06 -0.154!;0.025 

)4.8 10. 77!;0. 58 . 10:69;t(>.12 -Do25!;0o06 -o.171!;<>.029 

48.9 10.51!;0.70 10.84;t(>.11 -Oo14!Qo07 -Oo159;t(>o0)0 

57.2 11.72;t(>.66 11.11;t(>.10 -o.2Q;t0.06 -0.154f0.;022 

64.8 1).49;t(>.82 11.50!;0.11 +0.1)+0.08 .. -
70.2 12.05;t(>.61 11.48;t(>.15 -o.14;t(>.08 . -o.Q92;t(>.011 

Note: systematic errors are 1 4; 
f) b = ± 0.3 (GeV jc)- 2 

/)b:Pn = ± 0.8 (GeV /c)-2 (this paper) 
/)aPP: ; 0.028;{// 
!:>.a PP- _ 0.02 
/)a = ± 0.13 (this paper). pn . 
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