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. Abstract

The 'H(d,2p)n deuteron breakup reaction was measured at 2 GeV deuteron
energy in a kinematically complete experiment. Five-fold differential cross sec-
tions are given in a wide range of the kinematic variables. The transition matrix
elements |A|? are obtained and compared with the model predictions including
the impulse approximation (IA) and NN rescatterings. The marked deviation
from the theory was established depending on the value of the four-momentum
transfer {24 in the scattering process. At low ¢4 the |A|? are in good agreement
with the IA while large discrepancies were found above internal momentum q
200 MeV/c when the four momentum transfer was large.



1 Introduction

The wave function of the deuteron has been the subject of many investigations,
in order to get information about the bound two-nucleon system at low as well
as at high values of the internal momentum. Three kinds of experiments were
usually performed in these studies: kinematically complete measurements of the
deuteron breakup reaction induced by electrons and protons and the A(d,p)X
type inclusive experiments detecting the breakup products in the interaction of
deuterons with different target nuclei. The borbarding energies varied from sev-
eral hundreds MeV up to 7.4 GeV. Recently we have investigated the 'H(d,2p)n
breakup reaction in a kinematically complete, exclusive experinment at Saclay
using 2 GeV vector and tensor polarized deuterons, continuing by this the se-
ries of the experiments of such kind [1-5]. The aim of the experitent was to
study the structure of the deuteron wave function at large internal momenta by
investigating polarization phenomena under definite kinematic conditions and
analyzing them in the fraine of TA. It was found that the measured asymmetries
and polarizations at low ¢ values were in accordance with the predictions of
the 1A, at higher internal momenta, however, significant deviations have been
observed. Although the measurement was planned to investigate first of all po-
larization effects, valuable information was obtained also about the variation of
the cross section itself in a rather extended range of the kinematic variables.

The results of the experiment coneerning polarization have been reported
elsewhere [6] and in the present paper the unpolarized cross section results will
be presented and discussed.

2 Experiment and data handling

In this work the deuteron lvr(;.'lkup reaction
d+p—p+ptn (1

has been investigated in a kinematically complete (exclusive) experiment. 'To
specify the particles involved in the reaction we will use the symbols and sub-
scripts as follows:

(H+E) =G+ +6). (2)

The experiment has been performed in the Laboratoire National Saturne at
Saclay. Vector and tensor polarized deuterons (particle 1) accelerated to Ty = 2
GeV kinetic energy by the synchrotron SATURNE were directed to a liquid
hydrogen target. The two scattered protons (particles 3 and 4) were detected
by the magnetic spectrometer SPES 1V 7] and by a large angular acceptance
recoil spectroteter (RS), respectively.

SPES-1V angle was fixed at i3 = 18.3°, five central momentum settings
(pao = 1.6, 1.7, 1.8, 1.9, 2.0 GeV/e) were studied. The RS was positioned at



040 = —57.0° (-53° < 04 < —61° and —5.8° < ¢4 < 5.8°) and provided angular
(604 = 0.3°), time-of-flight t4 (6¢4 = 1 nsec) and amplitude (from AFE and E
scintillators) informations. .

The combination of the measured values (p3, 84 and @4) defines 3-body
kinematics. The correlations between E — t4 and (7'*%* — 13°° were used to
select events of the reaction from the background.

The following software cuts were also applied: %{1 < £25%,608; < £0.15°,
bpa < x1.1° Ty > 70 MeV. After the filtering procedure about 23% of the
triggered events remained as true ones. The combined efficiency of the detectors
and of the data processing was about 80%. The nuinber of true events was
obtained with about 25% systematic error. The background measured with
empty target cell was ~ 2 — 3 %.

3 Experimental results

The two dimensional distributions of the events in the [@a4, t4] coordinate plane
are shown in Fig. | measured at the five p3p momenta. The distributions are
concentrated along curves defined by the kinematics of the reaction. At p3o =
1.6 and 1.7 GeV/c only the events with high T (low t4) are within the energy
and angular acceptances of the RS, while at higher pso-s the spectra are accepted
up to the kinematic limits of the reaction.

The five-fold differential cross section was calculated as:

dSc =C N,.((')4) (3)
dpng;;d(h erp Ap_gA@sAgOaA(qu(')q ’

with C.zp = 1/npnre. The factor np is the beam intensity, ny is the number
of target nuclei per unit area and the factor ¢ contains the inefliciency of the
detectors and of the data filtering process.

The quantity N,(04) is the number of protons detected by RS at ©4 in
the bin AB4. This number was obtained froin the two dimensional N,(©4,14)
spectra by summing the events at ©4 along the {4 direction and subtracting
the background. Practically this was done by fitting the data with a Gaussian
superimposed on a linear function. This procedure was effective through the
whole angular range in the case of the p3o=1.6 and 1.7 GGeV /¢ spectra, while at
higher momenta the back-bending of the spectra at the kinematic limits allowed
unambiguous determination of the cross section only below an arbitrarily chosen
maximum angle.

According to the general theory of reactions with multiparticle final states
the cross section (3) is in direct relation with the transition matrix element |AJ?
of the reaction through the kinematic factor :

dSo - r3p A2, (4)
dp3dO3dp3dpsdOs  32(27)5mapy E3(pa Es — Esps cos Oys)




In this expression Q45 is the angle between the directions of py and ps, re-
spectively in the horizontal plane. (Note: in order to match the experimental
layout, these formulae are related — in an unconventional way — to a spherical
coordinate system with its axis perpendicular to the horizontal plane and the
notations: ©; for azimuthal and (90° — ¢) for polar angles were used respec-
tively.)

The transition matrix elements calculated according to (4) are displayed in
Figs. 2 as the function of T} along with the model predictions.

4 Discussion and conclusions

The experimental results will be discussed in this Section on the basis of the
model including IA and NN rescatterings . The initial goal of the experiment,
based on a priori assumed dominance of 1A (see Fig. 3), was to deduce the dnp-
vertex Dgnp in dependence on the mass of the virtual nucleon ¢5 = (ps — p1)?
or, what is the same, on the internal momentum ¢ of nucleon in dnp-vertex
tis = m3 + m? — 2m4y/m? + ¢2. Note, that the graph at Fig. 3 represents the
pole term in the invariant amplitude A caused by one nucleon exchange

M : lag, tis)D F .
A= NN (534,824, 815) Danp(tis) +B
115—7712

, (5)

where the NN amplitude Mypn depends on the virtual nucleon mass ty5. The
background B was approximated in our approach by graphs described shortly
in the appendix. Evidently that one could hope to extract Dgy,p from |A4|? only
neglecting the background B (still being left with the off-shell problem for the
NN amplitude). [t is more or less justified ncar the nucleon pole and seems to
"be risked- at large distance from it.

The intervals in ty5 at different p3 were achieved in the experiment by the
variation of the other momentum transfer o4 = (ps — p2)?, directly related to
the kinetic energy of the proton detected in RS to4 = —2mTy. The Figs. 2
show measured |A|? at five values of p3 =1.6, 1.7, 1.8, 1.9 and 2.0 GeV/c along
with the corresponding values of ti5 — m? (last figure) in dependence on Tj.
It is seen from the last figure that at each p3 we have the nearest to the pole
position at Ty = 0.15 GeV, which moves away from the nucleon pole when
increasing p3. Going to the right as well as to the left from Ty also increases
the distance from the pole and in the second case it happens even more quickly.
The experimental points at Figs. 2 demonstrate in fact the evident deviation
from the pole contribution (dashed line) only at large T4 for each ps, what
is confirmed at least qualitatively by calculated background (solid line). The
experimental points at 74 < 0.2 GeV for ps =1.8, 1.9 and 2.0 GeV/c do not
confirm the noticeable deviations from IA predicted by the model.

Of course we need additional checking up of experimental data as well as our
model to understand the situation and if it would be confirmed the hope would



appear that we have found the kinematic conditions under which the background
of IA is suppressed up to the deuteron internal momemta ¢ =~ 0.4 GeV/ec.

Support of the Hungarian Academy of Sciences under grants OTKA 1/1 No.
1239 and OTKA 1/3 No. 1817 is gratefully acknowledged.

A Appendix: Model

We [8] take the amplitude of the breakup reaction as the sum
M = Mony + Mps + Ma . (6)

Amplitudes Mong, Mps and AMa correspond to the graphs a, b and ¢ shown
in Fig. 4.

The amplitudes Myn and M, nn are taken to satisly the Pauli principle.
Thus the term corresponding to the diagram a is antisymmetric with respect to
the interchange of the first and the second nucleons and the diagrams b and ¢ are
with respect to the second and the third nucleons. To make the amplitude (6)
fully antisymmetric the two more sets of the diagrams with cyclic permutated
nucleons at the final state had been added to the pictured ones. These diagrams
are denoted in the above picture as (123—231) and (123—312).

We have used the NN amplitudes obtained in the energy-dependent phase
shift analysis (P.SA) by Arndt ct al. [9]. Following Everett [10] we have taken
the NN amplitudes out of the loop integral, corresponding to the triangle dia-
gram b, at some optimmum Fermi momentum. However in the case of the energy
of the final nuclcon’s pair less than 400 MeV we used the form factor f for the
corresponding half ofl shell NN amplitude M/ = fM°", M°® being taken
out of the loop integral. The threshold form factor related to the !'S; -wave
function of the deuteron was taken and integrated along with dnp vertex and
two propagators. The real part of the resulting integral is connected with the
allowing the intermediate nucleon with the momentum py to be off shell.

We have calculated the amplitude M,y taking into- account the one-
loop diagrams with the NA as intermediate state and the diagrams with the
7N intermediate scattering in the S, P and ) waves parametrized by their phase
shifts. To avoid the double counting we have excluded however the one nucleon
exchange diagram, which already contributes to ON E term in (6), and the Pyy-
wave ( the nucleon pole in the 7N amplitude is a part of the DS term). Finally,
the p-exchange is taken into account in the #d — NN amplitude. The details
are given in the appendix of the paper by Laget [11].



References

[1]: C.F. Perdrisat, L.W. Swenson, P.C. Gugelot, E.T. Boschitz, W.K. Roberts,
J.S. Vincent, and J.R. Priest, Phys. Rev. 187 (1969) 1201

[2] T.R.Witten, M. Furic, G.S. Mutchler, C.R. Fletcher, N.D. Gabitzsch, (i.C.
Phillips, J. Hudomalj, L.Y. Lee, B.W. Mayes, J. Allred, and C. Goodman,
Nucl. Phys. A254 (1975) 269

[3] R.D. Felder, T.R. Witten, 'T'M. Williams, M. Furi¢, (i.S. Mutchler, N.D.
Gabitzsch, J. Hudomalj-Gabitzsch, J.M. Clement, Jr. and Gi.C. Phillips,
E.V. Hungerford, L.Y. Lee, M. Warncke, B.W. Mayes, and J.C.. Allred,
Nucl. Phys. A264 (1976) 397

[4] C.F. Perdrisat,- V. i’unjahi, M.B. Epstein, D.J Margaziotis, A. Bracco,
H.P. Gubler, W.P. Lee, P.R. Poffenberger, W.T.H van Oers, H. Postima,
H.J. Sebel, and A W Stetz, Phys. Lett. 1568 (1985) 38

[5] N.P. Aleshin et al.,, DAPNIA/SPhN 93 03 preprint 02/1993, to be published
at Nucl. Phys. A (1993)

[6] S.L. Belostotsky et al, Proceedings of the Conference on High Energy Spin
Physics, Bonn, Sept. (1990)

[7] E. Grorud, J.L. Laclare, A. Ropert, A. Tkatchenko, J. Banaigs, and M.
Boivin, Nucl. Instrum. Methods 188 (1931) 549

[8] A. Boudard, O.Gi. Grebenyuk, J.M. Laget, V.N. Nikulin, paper in progress,
(1993)

[9] R.A. Arndt, J.S. Hyslop 1, and L.D. Roper, Phys. Rev. D35 (1988) 128
[10] A. Everctt, Phys. Rev. 126 (1962) 831

[11] J.M. Laget, Nucl. Phys., A370 (1981) 491



t (ns)

ce ¥ e -
- 100 0 100

AO4 (arb. unit)

Figure 1: Two dimensional spectra of the measured events in the [t4,©4) coor-
dinate plane. (a) ps = 1.6 GeV/c (b) ps = 1.7 GeV/c (c) p3 = 1.8 GeV/c (d)
p3 = 1.9 GeV/c (e) p3 = 2.0 GeV/c
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Figure 2: Transition matrix elements (squares) calculated according equ. 4)

at pa = 1.6,1.7,1.8,1.9, and 2.0 GeV/e,
The curves are theoretical calculations:
the background (solid line)
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Figure 4: 'B(d,2p)n breakup reaction. Feynman graphs taken into account
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