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Analysis of the Spectator Nucleon Distributions in
the Deuteron Break-Up in the "Light Front" Formalism

A relativislic analysis of spectator nucleons in the deuteren
break-up dp »ppn at Pd=3.3 GeV/e has been performed in terms

:(pip+EsP)/(mN+Pd +E ) distributions. Experimental data are compared with
a theoretical model in which the "lengitudinal motion” of nucleons
inside the relativistic deuteron is parametrized in the scale-
invariant manner. A reasomable agreement with experiment is

The investigation has been performed at the Laboratory
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1. INTRODUCTION

Due to violation of the usual Bjorken scaling in lep-
ton-hadron interactions, interest has recently arisen to
search for such variables in terms of which the obser--
vable quantities keep their scaling properties. In th:}s
connection the & -variable, which is a complicated combi-
nation of the kinematic variables of deep inelastic lepton-
hadron interactions, is discussed (see, e.g., 1-4/ and Fe—
ferences therein). As shown in ref. 5/, this variable is
related to the parton momentum inside the hadron in
the following simple way:

E=(p %art +p [;art Y/ (P gadr +P gadr ), (1)

where pP’®" and P t"f‘dr (p=0,1,2,3) are parton and hadron

4-momenta, respectively.

On the other hand, scale-invariant regularities havg
been observed in th;e interactions of high.energy nuclei
(see, e.g., ref. 5-11/ and references therein). These ex-
periments stimulate theoretical studies in which nuclei
are treated as relativistic composite systems. We do not
describe here the advantages and shortcomings of various
approaches to this problem (some of them can be found,
e.g., in ref’/ 1216/ It should be only noted that our theore—
tical analysis will be based on the approach to the in-

teractions of relativistic nuclei put forward in refs/ 15.1¢/



2. BASIC THEORETICAL NOTIONS

The approach to Processes involving relativistic nuclei,
developed in refs./15.16/ s based on the "light front”
form /17.-19/ of quasipotential dynemics in quantum field
theory/w'm/.The characteristic property of this schemeis
the fact that the ”longitudinal motion” of constituents
inside the relativistic composite system is parametruzed
by means of the scale-invariant variables

x@ = (p(é) +p (31) )/ 4P )

(compare with (1)). Assuming that nucleons

are rather good quasiparticles to describe the properties
of atomic nuclei, we ascribe the subscript (i) to indivi-
dual nucleons in the nucleus. Quantities x () are the
ratios of the "light front” variables /22/ . Wave functions
of composite systems in terms of these variables reflect,
in particular, a dependence of the internal motion of

constituents on the total momentum of the relativistic
composite system,

In order to understand the dynamics of relativistic
nuclei, experiments with hydrogen target seem to be
very suitable since here the effects are absent connected
with target break-up. Observation of fragmentation pro-
ducts of the incident nucleus allows information on the
character of its internal motion to be obtained. The se-
lection of spectator fragments permits one to get direct
information on the nuclear functions.

Let us consider the interaction process of relativistic
deuteron with hydrogen target in which a spectator-nucle-
on and a system of hadrons Xy are created

d+p »p (0 )+ X .
Assuming that the spectator-nucleon does not interact

with a target at all, the following spectator nucleon dis-
tribution in the target rest frame has been obtained:

/2 2 a
+ _sp de A (s My Py )
E - o (SNN) X
> sp ‘\1/2(S w?. m?) N
dp Mg N
- Sp
‘| ¢(x,p ) |2, @

1~(1+mN/(Pd+Ed))xsp

where
p*f +E®P 2
x5p_ 2 CAMX,y,2) =(x-y-2) —4dyz ,
mN+Pd+Ed
ASDE 2
g —S(l._xsp)+m2__p_i__+_rr2q._
NN~ N 5p ’
X
sp 3)
x:(1+mN/(Pd+Ed))x ,

p,, E4 and p°P, E P are the momenta and energies

of the incident deuteron and the spectator-nucleon, res-
pectively, my is the nucleon mass, mq4 is thg deuteron
mass, ¢(x, py) is the relativistic wave ft.mcpon of‘the
incident deuteron (the meaning of this quantity in the f1e}d
theory approach can be found in refs./”—l%, on(Syp 18
the interaction cross section of the active nucleon f.rom
the deuteron with a proton target leading to the creation

of a system of hadrons X_ . . o
It is interesting to note that in the high energy limit

the spectator distribution, summed over the hadron sys-
tems X, takes the form

1 do 1¢(Xsp'5fp )

Umt (w) di)’Sp/, sp 1-x sp

2
: 4)

which is vely close to the prediction of the limiting
fragmentation hypothesis 23/ and those of the parton mo-



del /2¢/ " and of the automodelity principle for strong
interactions 725/, In this connection an experimental study
of processes with deuteron means of various energies is
of great interest.

3. COMPARISON WITH EXPERIMENT

From experimental point of view quite comprehensive
data are available on a direct break-up dp -ppn channel.
In this case o (s yy) in formula (2) is to be replaced by
the total elastic cross section oof (8 yy) ©f the nucleon-
nucleon interaction. Later on we shall restrict ourselves
to the neutron-spectator case since there are much more

. PD np
expe/ruyental data on o'y than on o of (see,/e.%,
ref. /*%/) It should be noted that in the experiment /%
with a beam of 3.3 GeV/c deuterons, which is the sub-
ject of the present analysis, s, varies in the interval,
where oo p (s o } is almost consgant and equal to 24 mb.

The experimental distributions do/dx sp and
do/dpI*  are analyzed. They are related to the inva-
riant differential cross section as follows: '

sp
'Lg max
- g i ap (4a)
dx °P sp dx °P dp_ip + '
"4, min
do x?z?ax do
e L T (4b)
dp P x5P dx °P gp P
min
Y
) )
dx ®Pdp FP x*P  gp’sp s sp

The experimental distributions do/dx :g (d%dpip )
integrated in three various intervals of pi" (x°") N amrz
compared with the resulis, of the theo_ret.lcal sche
described here. For the deuteron. r.elgtiwstlc wave func-
tion $(x,p |} we choose the relativistic analogue

w2+ p f _, m2ipp -1
sxp Y- T (D ®)
it x(1-x%) X(1-x)

of the well-known nonrelativistic Hulten functionslw:l_th
adjustable parameters « and £, Results of the ana 3;31:1
are given in Figs. 1-6 and Tables 1-4. The theoretlc

curves in Figs. 1-6 refer to the values of parame sr4s
« and pB taken from the second lines of Tables 3 and 4.

Table 1
Results of analysis of the do/dxSP op distribution in
various intervals of pJ
-y = Qv}'

I“;ffé"'fl?ee”%/c) o 1(Gev/c) @,(Gev/c)p‘ a Y7,
o 0:-0 o4 3.5756-fixed 3.471140.0046 0.006640,0011 93/50
o.'ou-o 07 n " 3.444640,0087 0.011340.0021 56/50
0.07-0 1 " * 3,399040.0225 0.0198+0.0056 65/50

Table 2

i P distribution in
of analysis of the do/dpf
Results vgrious intervals of x°SP

Efe;‘ggls oL, (GoV/c)® Ss,‘@e?/c)z A f’“/Np_
0.40-0.563  3.5156-Tixed 3.4308+0,0089 0.0129+40.0020 62/50
0. 83-0.46 " " 3.467740.0037  0.007240.0007 109/5C
0.45—0;49 " " 3.449040.0087 0.0127+0.019  70/50




Table 3

Results of joint analysis of the do/dx 5P distribution
in three various intervals of pjp given in Table 1

oL, (GeV/e)” ¢, (Gev/e)” A BB,
3.521340.0010 3.392640.0249 0+0173+40,0043 2227150
3.5156-L1ixed 3.457240,0005 0.009~Fixed 232/150
3.5179+0.0009 3450240, 0031 ol " 228/150
Table 4
Results of joint analysis of the do/dpsp distribution
in three various intervals of xsp given in Table 2
o, (Gev/e)2 D, (cev/e)? A /N,
3.523040.0006 3.338540.0230 0.027340.0048 . 264/150
3.5156-f1xed 344579+0.0005 0.009-Fixed 311/150
3.518240.0004 3.449840,0020 " " 307/150
Table 5
2 T
Pd s {GeV/c) o, (GeV/c) §5 s {GeV/c)
3.46 345156 ~ fixed 3.5241%0, 0004
4,48 " " 3-5?—23:010007
7.66 " n 3.520940.0009
10,20 “ " 3.517040.0021

Table 1(2) shows the results of a separate analysis of
the do/dx°P (do/dp fP)  distribution in various intervals
of p8P(x®F). Table 3(4) contains the results of the
joint fit of the do/dx P (do/dp 5P ) distribution for three
intervals of p “P(x 5P). The quantity A is the proportio-

nality factor in formula (2), N is the number of expe-
rimental points. Quite a reasonable agreement between
the model and the experiment is observed. The maximum
position in the xSP _distributions d/oes not depend on
pSP and, according to the prediction /15

3P ! , )
Al+my/(Py +E )

is located at %°P =0.44.According to the presented version
of the model, a nucleon is assumed to be a spinless ob-
ject. However, we consider such an analysis as a useful
step in the development of relativistic approach in the
theory of nuclear reac}io 5.

Note that in ref. 7?8/ gp analysis of neutron specta-
tors has been performed in the deuteron break-up using
an Al target 729/ at four various energies of incident
deuterons. However, only the neutrons in the forward
direction have been detected. The values of parameters
e and 3 of the wave function #(x,p_) are listed in
Table 5. As is seen, in the region considered the para-
meters are almost independent of the incident deuteron
energy. This can be thought as an indication of the fact
that the relativistic deuteron is rather well described
by the wave functicn with scale-invariant parameiriza-
tion of the “longitudinal motion” in terms of the "light
front” variables.

4. DISCUSSION

This paper is the first attempt to present experi-
mental data on the interactions of high energy nuclei in
terms of the x and p,; -distributions of the final pro-
ducts. (In ref. /2% only the x °P-distributions are given
since only the forward moving spectator-neutrons have
been detected). We also compare these _distributions
with the theoretical model into which the (xp_J) variables
naturally enter.
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The authors understand that the analysis performed
without taking into account nucleon spins and other
possible reaction mechenisms in quantitative in nature.

This fact is reflected by the x #/Np values given in
the Tables. But we consider this analysis as a useful

step in the development of relativistic nuclear reaction
theory.

It is interesting to apply an analysis of this type to
other possible channels in the interactions of relativistic
nuclei. A study of spectator distributions in a wave
range of energies allows one to answer the question
whether the scale-invariant barametrization of the "lon-

gitudinal motion” of constituents inside relativistic nuclei
holds.

‘The authors express their deep gratitude to N.S.Ama-
globeli, A.M.Baldin, A.Fridman, T.I.Kopaleishvili,
R.M.Lebedev, V.A Matveev, A.N.Tavkhelidze for their
interest in this work and valuable comments.
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