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The H(d, 2p)n deuteron breakup reaction was measured at 2 GeV deuteron energy in a kine-
matically complete experiment. Fivefold differential cross sections are given in a wide range of
kinematical variables and analyzed in terms of impulse approximation and NN rescattering. The
deuteron momentum density was determined and deviations were found depending on the value of
the four-momentum transfer ~t~ in the scattering process. At low ~t~ the momentum densities are
in good agreement with the impulse approximation whereas large discrepancies were found above

q 200 MeV/c when the four-momentum transfer was large. Various possible origins of the anoma-
lous behavior at high q values are discussed.

PACS number(s): 25.45.—z, 25.10.+s

I. INTRODUCTION

The wave function of the deuteron has been the subject
of many investigations, in order to obtain information on
the bound two-nucleon system at low as well as at high
values of the internal momentum. Three kinds of experi-
ments were usually performed in these studies: kinemat-
ically complete measurements of the deuteron breakup
reaction induced by electrons and that induced by pro-
tons and the A(d, p)X type inclusive experiments detect-
ing the breakup products in the interaction of deuterons
with diferent target nuclei. The bombarding energies
varied &om several hundred MeV up to 7.4 GeV.

In the H(e, ep)n and H(p, 2p)n or equivalent reac-
tions the leading process is the quasifree scattering of
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the incoming particle on one of the deuteron's nucleons,
leaving the momentum of the other nucleon (spectator)
unchanged. This first order process will be referred to
in the following as impulse approximation (IA). In this
simplified description the momentum of the spectator nu-
cleon in the rest kame of the deuteron is the same be-
fore and after the reaction and it can be identified as
the internal momentum q in the deuteron. Although IA
turned out to be a rather good approximation, secondary
eKects, e.g. , rescattering or final state interactions, may
give a significant background to the cross section. In
the above-mentioned inclusive experiments the reaction
mechanism is similar: the target nuclei are bombarded
by high energy deuterons but after interaction only the
spectator nucleon is detected, mostly at 0' to the beam
direction. Its momentum distribution in the deuteron
rest kame gives directly the deuteron single-nucleon mo-
mentum density ~4(q) ~

in impulse approximation.
In the (e, ep) experiments the measured single-nucleon

momentum density after the necessary corrections was
found to be in good agreement with the theoretical one

0556-2813/94/50(6)/2687(8)/$06. 00 50 2687 1994 The American Physical Society



2688 J. ERO et al. 50

calculated on the basis of reliable two-nucleon poten-
tials. No significant deviations were observed even at
internal momenta as high as 0.6 GeV/c (Refs. [1—3]).
On the other hand, in proton induced breakup reactions
the agreement with theory was restricted to small in-
ternal momenta, and large deviations from the impulse
approximation were observed especially at internal mo-
menta above approximately 0.2 GeV/c. This behavior of
the breakup reactions seems to be quite general, it was
found in kinematically complete experiments at different
primary energies ranging &om 0.4 up to 1 GeV and un-
der different kinematical conditions [4—6]. Till now only
one exception was reported in an experiment performed
at 1 GeV proton energy [7] when satisfactory agreement
with IA was found up to 0.28 GeV/c internal momenta.
To understand the origin of this deviation the effects of
multiple scattering, final state interactions, and possi-
ble 6 production were calculated but these corrections
to IA did not provide a satisfactory explanation for the
increased cross section at high q values.

Inclusive breakup experiments have been done in a
wider energy range [8—11], from a kinetic energy of
1.25 GeV up to 7.4 GeV and in these cases the behav-
ior of ~4(q)~ was found to be similar to the exclusive
(p, 2p) measurements. Irrespective of the energy and the
kind of target a relatively broad shoulder was observed
at internal momenta q = 0.3 —0.35 GeV/c. In an exper-
iment published in Ref. [11] with a polarized deuteron
beam the tensor analyzing power T2o was also determined
at 0' for the spectator protons. It was found that the
value of T2O was in agreement with IA predictions up to
q = 0.2 GeV/c but markedly deviated from it at higher
momenta.

The discrepancy in the deuteron internal momen-
tum distribution observed in almost all experiments per-
formed with nucleonic probes proved to be typical of this
type of interaction. Although various approaches have
been applied in an attempt to understand the origin of
this anomaly, no satisfactory explanation for the univer-
sal presence of the shoulder in [C (q) ~2 or for the behavior
of Tgp near q = 0.3 GeV/c internal momenta have been
found up till now.

Recently we investigated the ~H(d, 2p)n breakup re-
action in a kinematically complete, exclusive experi-
ment at Saclay using 2 GeV vector and tensor polar-
ized deuterons. The aim of the experiment was to study
the structure of the deuteron wave function at large in-
ternal momenta by investigating polarization phenomena
under definite kinematical conditions. It was found that
the measured asymmetries and polarizations at low q val-
ues were in accordance with the predictions of the IA; at
higher internal momenta, however, significant deviations
were observed [12]. Although the measurement was pri-
marily planned as a means of investigating polarization
effects, information was also obtained on the variation of
the cross section itself in an extended range of the kine-
matical variables. In the present article we deal with the
unpolarized cross section. results.

In Sec. II, the experimental setup and the data anal-
ysis will be described; experimental results are given in
Sec. III. The discussion, comparison of the experimental

cross sections to theoretical predictions, and some con-
clusions are presented in Sec. IV.

II. EXPERIMENT AND DATA HANDLING

In this work the deuteron breakup reaction

d+p M p+p+n

has been investigated in a kinematically complete (exclu-
sive) experiment. To specify the particles involved in the
reaction we will use the symbols and subscipts as follows:

(1) + (2) ~ (3) + (4) + (5) (2)

The experiment was performed at the Laboratoire Na-
tional Saturne at Saclay. Vector and tensor polarized
deuterons (particle 1) accelerated to Tq ——2 GeV kinetic
energy by the SATURNE synchrotron were directed to a
liquid hydrogen target. The two scattered protons (par-
ticles 3 and 4) were detected by the SPES IV magnetic
spectrometer and by a recoil spectrometer of large angu-
lar acceptance (RS), respectively.

The deuterons were accelerated in bursts of about 0.4 s
duration and with about 3 s repetition time. Beam in-
tensities 3.0 x 109 d/burst were typical. The target was a
liquid-H2 cell of 0.280 g/cm2 thickness, with 0.032 g/cm
thick Mylar and 0.013 g/cm2 thick Ti windows. Since
the entire experiment was planned to investigate po-
larization phenomena, the successive beam bursts con-
tained deuterons in periodically changing polarization
states. Only the unpolarized cross sections summing up
the events &om bursts with different polarization states
are dealt with here.

The forward going protons (particle 3) were detected
by the SPES IV spectrometer at 03o —18.3' to the pri-
mary beam direction. The resolution of the spectrometer
was typically 10 3 with a total momentum acceptance of
7'Fo. Besides the momentum the spectrometer also deter-
mined the horizontal and vertical angles at the entrance
providing an opportunity to subdivide the angular accep-
tances in the off-line evaluation process. Time-of-Hight
information served to select protons &om the reaction
products. More details on the spectrometer can be found
in Grorud et at. [13].

The recoil protons (particle 4) were detected by the
RS, with its symmetry axis at 04 ———57.0' in the hori-
zontal plane. This spectrometer consisted of two sets of
multiwire proportional chambers (MWPC1 and MWPC2

each composed of a vertical and a horizontal cham-

ber), an array of 7 scintillation plates for b,E measure-
ments, and a 7 x 4 matrix of scintillation blocks to ob-
tain energy information. The distances between the tar-
get and MWPC1 and MWPC2 were 1.2 m and 2.7 rn,

respectively, which together with the 4 mm spacings be-
tween the sense wires, defined the angular resolution as
AO4 ——0.306 . The AE array was at a distance of 3.03 m
&om the target. The seven scintillation plates, each of
500 x 125 x 10 mm, were placed horizontally and viewed
on both sides by photomultipliers. The 28 blocks of the
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E xnatrix with dimensions 120 x 120 x 200 mm were

arranged in seven rows just behind the LE plates.
The most important data &om the RS were the an-

gles (84, 44) and the time of fiight t4 of particle 4. The
particle trajectories were determined &om the MWPC
coordinates. The angular range in the oK line evalua-
tion was devided in 0.306 steps and —to eliminate the
edge eEects caused by the 6nite dimensions of the tar-
get —it was restricted to —53.0 & 04 & —61.0 and
—5.8' & 44 & 5.8'. The time of Bight was obtained
&om the tixne signals of the AE detectors, measured rel-
ative to the start given by SPES IV. The accuracy of the
measurement was checked through the kinematic relation
t4(84), the uncertainty in determination of t4 turned out
to be nearly 1 ns. The kinetic energy T4 of the pro-
tons was determined either &oxn t4 or it was calculated
&om 04 using the kinematical relation. The low energy
threshold of the proton detection was set by software to
T4,.„——70 MeV to minimize uncertainties caused by en-

ergy losses and multiple scattering. Besides the coordi-
nate and time-of-Bight information some other quantities
were also determined &oxn the RS data, mainly to iden-
tify the reaction products and to reduce background.

The experiment was performed at 6ve diferent set-
tings of the xnagnetic 6eld in SPES IV, corresponding to
difFerent doxnains of p3 with central values p3Q —1.6, 1.7,
1.8, 1.9, and 2.0 GeV/c, respectively. The momentum as
well as the angular acceptances of the spectrometer were
de6ned in the data evaluation process by software. At
each setting the events were collected into 6ve momen-
tum bins of size bps/p3Q —0.01 and into three angular
bins with 603 ——0.3 . In the vertical direction only one
bin was defined with 643 ——2.17'.

In the course of the data evaluation special tests were
prescribed for each event. Only those events were ac-
cepted for which the chamber coordinates allowed un-
axnbiguous determination of the trajectory. Additional
conditions were that the trajectory originated at the tar-
get and that its coordinates at the EE detector were
close enough to those determined &om the AE detector
data and &om the position of the firing E detectors. The
requirement of correct AE —t4 correlation was also used
to de6ne reliably the reaction events. After the filtering
procedure about 23% of the triggered events remained as
true ones. The combined eKciency of the detectors and
of the data processing was about 80% which was checked
by Monte Carlo simulations. The background measured
by means of an empty target cell was 2—3%. After
these corrections the absolute value of the cross section
was calculated with about 25% systematic error. The
relative errors of the measured distributions were practi-
cally the statistical ones.

III. EXPERIMENTAL RESULTS

Because the absolute value of the reaction cross section
has xnarked dependence on p3 as well as on 03, it was
determined separately in the 15 bins characterized by the
five and the three domains of these variables, as given
in Sec. II. On the other hand, a similar distinction in

dso N„(04)
dp3d03d04

'" Ap3603643644604 '

with t,„z——I/nBnye. The factor nay is the beam inten-

sity, nz is the number of target nuclei per unit area, and
the factor e contains the ineKciency of the detectors and
of the data filtering process.

The quantity N~(04) is the number of protons detected
by RS at 04 in the 604 bin. This nuxnber was obtained
from the two-dimensional Nz(04, t4) spectra by summing
the events at 04 along the t4 direction and subtracting
the background. In practice, this was done by fitting the
data with a Gaussian superimposed on a linear function.
This procedure was efFective through the whole angular
range for the pso —1.6 and 1.7 GeV/c spectra; at higher
momenta the backbending of the spectra at the kine-
matical limits allowed unambiguous determination of the
cross section only below an arbitrarily chosen maxixnum
angle. The experimental cross sections related to this
high T4 arm of the spectra are given in Table I.

To evaluate the experimental data in the lower T4 re-

gion, near the kinematical limit, instead of the conven-
tional quantity given in (3) the difFerential cross section

d o N~(t4) dt4

dpsd03d@4dT4
'" ApslhIO36436446t4 dT4

was calculated being more appropriate to this situation.
In this expression N~(t4) is the number of recoil protons
detected in the At4 bin at t4 and

dt4

IT4
C4

m4p4 (p4z —1)
(5)

with p4
——E4/m4. In the evaluation process b, t4 ——1 ns

was used and Nz(t4) was obtained by summation of the
spectrum along 04. These cross sections are presented
in Table II as a function of T4.

According to the general theory of reactions with mul-

tiparticle final states both cross sections (3) and (4) are
in direct relation with the transition matrix element ~A~z

of the reaction through the kinematic factors Ke and
Kz".

the 43 and 44 variables was not necessary owing to the
relative insensitivity of the cross section on them. In the
di6'erent moment»m and angular bins the shape of the
xneasured distributions was found to be similar, therefore
in this section only data belonging to the central values

p3Q and 03Q will be presented. When the number of
events in a bin was too low, the content of the adjacent
bins was averaged in order to reduce the statistical error.

The two-dixnensional distributions of the events in the

[04, t4] coordinate plane are shown in Fig. 1 measured at
the 6ve p3Q momenta. The distributions are concentrated
along curves defined by the kinematics of the reaction. At

p3Q —1.6 and 1.7 GeV/c only the events with high T4

(low t4) are within the energy and angular acceptances
of the RS, at higher p3Q s the spectra are accepted up to
the kinematic limits of the reaction.

The fivefold differential cross section was calculated as
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where

d'~
Ke dp3d03d@3d44d04

1 d'0-

KT dpgd03d@3d44dT4
' (6)

horizontal plane, and the notations 0; for azimuthal and
(90' —4) for polar angles were used respectively. ]

The transition matrix elements calculated according to
(6) are displayed in Fig. 2 as a function of T4. The lines
represent theoretical matrix elements (see below).

2 2

Ko —— p3p4
32(2n) m2pqEs(p4Es —E4ps cos 04s)

(7a) IV. DISCUSSION AND CONCLUSIONS

and

Kz —— p3
32(2m) m2pqpEs sin 84o

(7b)

In these expressions y = p~ —ps and 04o and 04s are
the angles between the directions of p4 and p and p4
and ps, respectively in the horizontal plane. [Note in
order to match the experimental layout, these formulas
are related —in an unconventional way to a spheri-
cal coordinate system with its axis perpendicular to the

The experimental results are discussed in this section
on the basis of the model including IA and NN rescatter-
ing. The initial goal of the experiment, based on a priori
assumed dominance of IA, was to deduce the Dg„„am-
plitude of the dnp vertex in dependence on the mass of
the virtual nucleon tqs ——(ps —pq) or, what is the same,
on the internal momentum q of nucleon in dnp-vertex

&qs ——m& + m —2mggm2+ q2. The graph of Fig. 3
represents the pole term in the invariant amplitude A
caused by one nucleon exchange
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TABLE I. Fivefold difFerential cross sections in the angular variable using Eq. (3), in

mb/(sr GeV) units.

04
(deg)
53.1
53.4
53.7
54.0
54.3
54.6
54.9
55.2
55.5
55.8
56.1
56.4
56.7
57.0
57.3
57.6
57.9
58.3
58.6
58.9
59.2
59.5
59.8
60.1
60.4
60.7
61.0
61.3

1.6
9.3 + 1.7

10.9 + 1.8

10.3 + 1.8

13.3 6 2.0

11.5 + 1.9

20.1 + 2.5

15.7 6 2.2

25.2 + 2.8

45.7 + 3.8

69.9 + 4.7
66.9 + 4.6

116.0 6 6.0
184.0 + 7.6
267.0 + 9.1
403.0 6 11.2
605.0 + 13.7
987.0 6 17.5

1590.0 + 22.2
1810.0 + 23.7

1.7
7.4 11.3

7.4 + 1.3

9.1 + 1.5

9.5 + 1.5

16.8 + 2.0

24.0 + 2.4

25.1 6 2.4

38.6 + 3.0

50.7 6 3.5
76.6 6 4.2
97.5 + 4.8

127.0 + 5.5
174.0 + 6.4
243.0 + 7.6
327.0 + 8.8
431.0 6 10.1
589.0 + 11.8
750.0 + 13.3

ps (GeV/c)
1.8

4.0 + 0.5
5.0 + 0.5
6.6 + 0.6
7.3 + 0.7
7.9 10.7
7.7 6 0.7
8.9 10.7
9.8 + 0.8

12.8 + 0.9
14.1 6 0.9
15.9 6 1.0
20.7 6 1.1
21.3 + 1.1
28.4 + 1.3
34.5 + 1.4
39.3 + 1.5
52.9 6 1.8
61.8 6 1.9
70.3 6 2.0
86.0 6 2.3
98.3 6 2.4

118.0 + 2.6

1.9
4.2 + 0.5
4.6 + 0.5
5.3 + 0.6
5.7 + 0.6
6.7 + 0.6
7.0 6 0.7
9.3 6 0.8
9.4 + 0.8

12.8 + 0.9
13.3 + 0.9
15.7 + 1.0
17.4 + 1.0
20.7 6 1.1
23.8 + 1.2
28.4+ 1.3
31.9 + 1.4

2.0
5.0 + 0.3
5.5 + 0.3
6.8 + 0.4
7.9 10.4
8.4 6 0.4

10.4 + 0.5

INN (s34) t24) tls)Dctnp(tls) +B,
ty5 —m (8)

where the NN amplitude MN~ depends on the virtual
mass tq5. The background B was approximated in our
approach by taking into account nucleon rescatterings
and the 4 excitation mechanism. More details can be
found in Ref. [14]. Evidently, one could hope to extract
Dg„„from ~A~2, neglecting the background B, which is
more or less justi6ed near the nucleon pole but is not
justi6ed away &om it.

The tq5 intervals covered in the experiment at difer-
ent ps are determined by the t24 ——(p4 —p2) momentum
transfer, which is directly related to the kinetic energy of
the proton detected in RS, t24 ———2mT4. The symbols
in Fig. 2(a) show measured ~A~ at five values of p3 ——1.6,
1.7, 1.8, 1.9, and 2.0 GeV/c as a function of T4, as well
as the results of the calculation using the pole contribu-
tion (dashed lines) and including the background B (solid
lines). The experimental points in Fig. 2 demonstrate in
fact the evident deviation &om the pole contribution at
large T4 for each p3, what is con6rmed at least quali-
tatively by calculating the background processes. The
experimental points at T4 & 0.2 GeV for p3 ——1.8, 1.9,
and 2.0 GeV/c do not confirm noticeable deviations from
IA predicted by the model.

Figure 2(b) displays the variation of the mass tis of

TABLE II. Fivefold differential cross sections in the energy
variables using Eq. (4), in mb/(sr ~ GeV ) units.

T4

(GeV)
0.333
0.273
0.230
0.197
0.171
0.151
0.134
0.120
0.109
0.099
0.091
0.083
0.077
0.072

1.8
5.1 + 0.3

14.4 + 0.5
30.6 + 0.9
46.6 + 1.2
54.7 + 1.5
53.3 + 1.6
46.1 + 1.7
38.2+ 1.6
31.0 + 1.6
24.2 + 1.5
16.7 + 1.4
15.9 + 1.4
9.1 + 1.1
8.1 + 1.1

ps (GeV/c)
1.9

1.4 + 0.1
4.9 + 0.2
9.2 + 0.3

10.8 10.4
11.7 + 0.4
11.3 + 0.4
10.9 + 0.5
9.9 + 0.5
9.2 + 0.5
6.7 + 0.5
6.0 10.5
5.2 10.5

2.0

1.5 + 0.1
2.9 + 0.1
3.3 + 0.1
3.7 + 0.1
3.3 + 0.1
3.2 + 0.1
3.2 + 0.2

the virtual nucleon with T4. It is the closest to the pole
value at T4p 0.15 GeV for each p3 moving ofF &om
the nucleon pole with increasing p3. The deviation &om
the pole increases above T4p and below as well even more
rapidly. The insuKciency of the calculations to give sat-
isfactory description of the experimental results in the
whole investigated range of the kinematical variables,
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10

10'

10

may be connected to the rather strong dependence of
the mass of the virtual nucleon on T4 or t24. More the-
oretical efforts are needed to understand the role of the
off-shell effects in the d + N reaction.

In order to make easier the comparison between the
present results and those of previous experiments, we

have calculated the experimental single particle momen-

tum density p(q) of the deuteron, based on the simple IA
picture:

10

i.e (g)

10'

10'

10'

0.0

2.0

I

0. 1

I

0.2
T4 (GeV)

0.3 0.4

Here (do'/dA), and K2B are the &ee nucleon-nucleon
scattering cross section and the two-body kinematical
factor, respectively. The results for the different @30 mo-
menta are presented in Fig. 4 as a function of the internal
momentum q, de6ned as the momentum of the specta-
tor neutron transformed into the kame of the primary
deuteron. The solid line represents ~4(q) ~2 calculated
&om the Paris potential.

The momentum densities displayed in Fig. 4(a) were

10

0.0—

'5.0

LO

0. 1 0.2
T, (GOV)

0.3 0.4

FIG. 2. (a) Experimental transition matrix elexnents of the
H(d, 2p)n breakup reaction (symbols) calculated according

to Eq. (6) at p3 = 1.6, 1.7, 1.8, 1.9, and 2.0 GeV/c. The
curves are theoretical calculations. Dashed line: pole contri-
bution (IA), solid line: background corrected (IA+B) The.
data and curves for p3 larger than 1.6 GeV/c were offset from
one another by a factor of 10 for clarity. (b) Variation of
the virtual nucleon mass with T4.

U'

Q

10
"

10 '

10

10" =

0

10o

~ 1.
X

1.
+

2.
& Re

0. 1

I I I

0.2 0.3

q (Gev jc)
0.4 0 ' 5

10"=

t15 = (p5 —pl)

p5 (uxxdetected)
10 0. 1

I I I

0.2 0.3

q (Gev/c)
0 ' 4 0.5

p, =(m, o) ~
f24 = —2IT4

px = 1.6, 1.7, 1.8, 1.9, 2.0 GeV/c
(SPES)

p4 = (m+ T4, p4) (RS)

FIG. 3. Pole diagram of the impulse approximation.

FIG. 4. Experimental single particle momentum density
of the deuteron versus momentum q, measured at difFerent

moxnenta pq of the forward going protons. (a) Momentum
densities related to low (T4 ( 0.2 GeV) axxd (b) to high

(T4 ) 0.2 GeV) energies of the recoil protons. The solid line
is the theoretical momentum density according to the Paris
potential.
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measured in the low energy region, at T4 & 0.2 GeV. The
experimental points are surprisingly close to the theoret-
ical ~4(q)~2 curve up to deuteron momenta as high as
q = 0.4 GeV/c. This agreement with IA is in contradic-
tion with the general situation because in previous exper-
iments increased moxnentum densities were observed at q
values above 0.2 GeV/c (Refs. [4—6] and [8—11]).Satisfac-
tory agreexnent with theory was reported only in Ref. [7],
where 1 GeV protons were used as bombarding particles,
and the kinematical conditions were close to the present
ones. The results of Ref. [7] are also shown in Fig. 4(a)
(with open circles) for comparison. The agreement with
the present results and with the theory is remarkable.

Momentum densities measured in the high energy re-
gion, i.e., at T4 ) 0.2 GeV, are displayed in Fig. 4(b).
In contrast to the low T4 case, large deviations &om the
theoretical values can be observed. The situation is simi-
lar to that found in earlier works, i.e., at low q values, up
to approximately 0.2—0.3 GeV/c; the effective momen-
tum density is close to the theoretical one, but at higher
momenta p(q) exceeds it significantly. This behavior is
roughly justi6ed by the above calculations taking into
account the different background processes.

The fact that the behavior of p(q) depends so markedly
on T4, suggests an alternative approach for treating
the experimental material instead of calculating the ex-
perimental momentum density p(q). Assuming that
~O~2 describes correctly the xnomentum density in ev-
ery kinematical condition an "effective" N-N interaction
(do/dQ), xx can be defined on the basis of (9) as

(der ) /A/'

n) (10)

and the observed deviations can be attributed to the vari-
ations of this effective N-N cross section on T4 or t24.

In Fig. 5 the related invariant cross section

(do ) 4s t'do 'r

i dt ) s —4m42 (dA), ~
is displayed as the function of the four-momentum trans-
fer t24 ———2mT4. The experimental points are effective
cross sections obtained by using (10) and (11) while the
solid lines were calculated from the known &ee pp cross
sections.

The most striking feature in the 6gure is that the ef-
fective cross sections in the whole investigated kinematic
region are distributed in a rather narrow band. At mo-
mentum transfers below 0.35 (GeV/c), the efFective
cross section is very close to that of the &ee pp scattering
whereas above it a sudden change can be observed and
the cross sections take a xnore or less constant value. The
introduction of the effective cross section for the analysis
of the data is, of course, a phenoxnenological approach,

10 I
i g l I l I l I l I

~ 1.6
x 1,7
~ 1.8
+ 1.9
~ 2.

eV/c

0.0 0. 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

I t
I [(GeV/c) ]

FIG. 5. EfFective two-body cross sections der/dt determined
from the experimental data at difFerent p3 momenta. Solid
lines are the free cross sections, belonging to p3 ——1.6 and
2.0 GeV/c, respectively.
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but it may turn the attention to an increased role of the
four-momentum transfer in the breakup process in this
kinematical region.

The breakup of the deuteron at intermediate ener-
gies seems to be a rather complex phenomenon. Besides
rescattering, 6nal state interaction, or excitation of res-
onances, the switching on of some new mechanisms at
large momentum transfers should also be carefully ex-
amined. It would be important to explain, for exam-
ple, why at low four-xnomentum transfers there does not
appear the characteristic structure of the p(q) distribu-
tion near q = 0.2—0.3 GeV/c observed in the high t re-
gion. This may be related to the fact that collisions with
higher t tend to be more violent therefore they are in-
Buenced to varying extents by the internal nature of the
interacting systems, e.g. , by some substructures in the
deuteron wave function like ~6q) coxnponent proposed
by Kobushkin and Vizireva [15].

To understand better the interplay of the different
xnechanisms in the pd interaction at high momentum
transfers, detailed theoretical calculations are needed.
The rather wide range of the kinematical conditions in-
vestigated in the present experiment provides a good ba-
sis for reliable theoretical analysis.
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