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The Teaction dp~ ppn has been studied with the help or 

the'JINR Im hydrogen bubble chamber exposed in the 

3.33 ~ o.os Gev/c deuteron beam. 

The use of the deuteron beam provides small losses of 

the spectators due to favourable conditions of their observation. 

The contamination of other_reactions is negligible/I, 21. 

In this paper we analyse the experimental data on the 

·investigation of the mechanism of dp interactions from the 

point of view of the validity of the pole approximation to 

the nucleon-nuclei interactions considered in 

refs/3 t 4 t 5/ 

In these refs. it was pointed out that in the region 

one could expect the validity or the pole 

diagram shown in fig.!. Here: q is the momentum of the recoil 

nucleus, i.e. the momentum or the spectator nucleon in _the 

deuteron rest frame in our case; M is the·reduced mass or 

'the nucleus decay products (in our case - the reduced mass 

of two ·nucleons); t · is- the deuteron binding energy. 

The range or q in which the pole approximation can be 

considered to be valid may be defined by an estimate of the . 

upper limit of q from the inequality and is found to be 

q ~ 45 Mev/c. 

The spectator was defined as the slowest nucleon in 

the d-system. The momentum distribution of the spectators 

is presented in fig.2. The solid line corresponds to the 

solution of the Schr!5dinger equatioriwith the'HQlten poten­

tial that in the momentum representation can be written as: 
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When fitting o( and J-· , . were taken as _parameters, 

and the spectrum was cut at 200 lrlev/c. The r~su1ts.of.fitting 

gave the parameters: 

o( = 52.9. :!: I.5 Mev/c 

fl-.= ·r87 .4 :!: 17.7 Mev/c 

';.. 

<J 2 = 19.8 at n = IS degrees of freedom). Besides, the.f'itting 

at the fixed o( = 45.9 Mev/c gave · }- = 3II.9 :!.. 20.8 lrlev/c 

</?. = 54.2; n = 19). 
A11 other spectator momentum distributions are plotted 

in 40 Mev/c bins. 

Fig.3 presents the angular distributions of the spectators 

in the d-system f'or'six momentum intervals. The.interval 

limits are shown. The same figure gives the summar,y distri­

bution having a small· asymmetr,y in the directicn of' the proton 

motion before the collision. 

As.inthe discussed diagram the nucleon stands for. 

the particle connecting the vertices of the deuteron virtual 

decay and quasi-elastic scattering, the criteria necessar1 

for factorization of' the process amplitude-are ·fu1fi11ed. 

It means that in the region of the pol~ approximli.tion:one. 

can expect an isotropic distribution over the.Treiman-Yang 

angle: 

' 

1J =\J.'t.t(O~ [Po~fl~l[P:><P:) · . . . 1 ..... - ·..:· .. ·- J 
r.~ ?,,.f I r," ?:I 

,,·· 

4 

I 

;.. 

·t'l 

\ 

J. 

f 
ll ... 
1 

where P0 is the momentum of the incident deuteron; 

Ps is the.momentum of the spectator nucleon; 
p : 

PI;2 are the momenta of two other nucleons. 

When the proton is a spectator' PI always refers to the 

neutron and ·the angle is Uniquely deiined in the interval of 

0°- IS0°. 

Fig.4 presents the distributiorisover the Treiman-Yang 

angle for'the events with the spectator proton for variaJs 

spectator momentlllli interTals as well es the summar,y'distri­
' • go•) -AI(91J~ lfO') bution. The asymmetr,y coefficient A- IV'1°~ · 

· - #(tJ.+!JO,+JV(9o•~lftJ~ 
is presented in the same figure. 

One can see that the asymmetry systematically increases 

with increasing the spectator momentum. The isotropy is ob-

served only for low spectator momenta. 

In order to check the dependence of thl asymmetr,y on 

the 4~momentum transfer squared in quasi-elastic scattering, 

the Treiman-Yang angle distributions were plotted for the 

events with /ti/ < 0.2 (Gev/c)2 (f'ig.5). The defin~tion of 

t 1 is ginn below. Such a cut leads to an essenti~l increase 

of the asymmetry. Fig.6 presents the dependence of' the 

asymmetry coefficient on the spectator momentum for both 

the cases. The pic:ure clearly shows that the who~e asymmetry 

is related to the events with low (in any case less than 

0.2 (Gevfc)2 ) 4-momentum transfer in q~si-elastie scattering. 

In fact, the distributions for th.e events with /t/ > 0.2(Gev/c )2 

turned.out to be isotropic. 
. .. 

In order to obtain the quasi-elastic scattering dit.fe-

rential cross sections (the right-side vertex of the diagram 

in :t'ig.I), th'a distribution of' the 4-momentum, transfer 
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squared t from: the target ... proton ·to· the <nucleon.· products of 

quasi-elastic scattering collisions was·plotted. In particular, 

for the pp quasi-:-elas:l:ic.~cattering we ~x,:pect111d to obtain 
. -

a symmetr,i!! picture siJ!li?:~r to t}l~ .elastic scat?'I"ing_ of 

fr~e nucleo~~· ~owever, the. pe~k !it large /t/,is, badly. 

smeared out (see fig.7a). 
/ 

.·A ~~etric distribution over, t~e 4-mmentum transfer 

squared from the incident deuteron nucleon of momentum . :. ~ ' ' . ~ ' ~ 

~ P ) to the decay nucleons for the q1asi-elastic 
. . rYL,{. .o ·•·. . ' ·. . ' ' . . ' . 

scattering·is observed. ·l 

Fig .·a presents the: distributioni!J of the 4-momentum 
• : j 

transfer squared from the target to the protons - products of 

quasi-elastic interactions lor various spectator momentum 

intervals. 

One can see that the peak width at large /t/ systema­

tically increaaes.with.increasin& the spectator mo~entum. 
'::} 

' ~ . . .. 
The totality of data on the differential cross sections 

... 
indicates that when considering the interaction it is necessa-

,~-· -
ry to take into account the Fermi motion. 

~·: ! ~·. ::; .. .:. ' .. (' -: 

The differential cross sections for various spectator 
..... : ~. ~-' '~: "" .. 

momentum ranges in the region of comparatively s~all t 
l-" ~ 

are presented in fig.9. The solid line for ~h~ summary dis-

tribution has been calculated in the frame of the Glauber 
, . ·:· r:.~!; ~ ~ -~ 

model using the "closure approximation" omitting the spin 
•• ,. .- ' <". <.-'. ~- ·, • • 

. effects. The deuteron formfactor was taken to be equal to 
. : 2 . .. . . . . . . ·"q ''· (. ·' ',·. ; ., " ' < 

S(q) = exp (-33q ); and the nucleon-nucleon scattering ampli-

tude was of the form: 

1 '• '· lp:; ~~~~ 
-A~ = · Ho' ~bf6evic >:.2 . 

It~ = I47 ·;~(G~~ic)-2 

~+.~~f,tllf({~_~t~: .. , .. ~~~re ."-.• .· 

. .;("'=· 'o.a6;··b~ ;,;.· 6.0 (Gevi~>~2 • 
c'•·· · .• · '·· , ... ~ •. ·,·:· •:·." ... :'iz ,. 

o(p = o.o, bp = 6.6 (Gev/c)-

6'• 

' ·"" 
.l 

( 

v 

;. 
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The curve was not normalized to the experimental data. 
. . 

The calculation agrees well with the measurements in the 
. 2 

region /t/ = o.I + 0.4 (Gev/c) • 

I. 

2 •. 

3. 

COllCLUSIOW 

The fitted parameters have been obtained when des­

cribing the momentum distribution of the spectators 

from the reaction dp - ppn by th~. Htllten potential •. 

It. is ~hown that, the Treiman-Yang_angle. ~symme~ry is 

related only to small 4-moment~ transfers in quasi­

elastic scattering. 

The differential cross'section of the reaction in the 
·.. . 2 " 

range /t/ = o.I + 0.4 (G.ev/c) agrees with the Glauber 

theory. 

The authors express their gratitude to the laboratory 
' : ·-~ ·. ~ :~ ~ . . ··- ' 

assistants of the Laboratory of High Energies, the Laboratory 

of Computing Technique and Automatization ~f JINR and of 

the Warsaw University for their help in this·work. 
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Distributions of the 4-momentum transfer squared 

a) :from the t~rget proton to the products of quasi~ 

elastic scattering
1
t ; 

b) from the nucleon.momentum in the deuteron beam 

m,.. P0 ' ) to the products of quasi-elastic ""cL . 
scattering t 1 • 

Distributions of the 4-momentum transfer squared from 

the target to the protons-- products of quasi-elastic 

interactions. 
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