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Abstract. The results of the diﬀerential cross section of elastic d p-scattering
measurements at 500, 750 and 900 MeV/n, performed at the Internal Target
Station at the JINR Nuclotron are presented. The angular dependence is compared with the world experimental data at close energies as well as with the
theoretical calculations performed within the framework of the relativistic multiple scattering theory. The diﬀerential cross section at ﬁxed scattering angles
√
covered a total c.m. energy range s = 3.1 - 3.42 GeV were obtained. The
results are compared with the behavior of the world data.

1 Introduction
The d p-elastic scattering process is the simplest example of the hadron nucleus collision.
The study of the interactions mechanisms with involving a deuteron is aimed at obtaining the
information on the role of relativistic eﬀects, the contributions of Δ-isobars and quark degrees
of freedom in nuclei. By now there are accumulated extensive experimental data and diﬀerent
theoretical models are developed. The experimental data cover the energy range from tens
to thousands MeV/n [1]-[10]. Several approaches are exist to describe d p-scattering at the
diﬀerent energies. The approaches based on the solution of the three-particle Schroedinger
equation [11–13] and on the Faddeev calculations [14, 15] are described of the three-nucleon
scattering with high accuracy at the energies below 200 MeV/n [16, 17]. The diﬀerent twoand three- nucleons forces are used in the theoretical calculations. The Glauber scattering
theory which takes both single and double interactions is a classic approach at the energies
higher than 400 MeV/n. [18, 19]. Now the approach based on the multiple-scattering theory
which uses oﬀ-mass-shell extrapolations of the nucleon-nucleon amplitudes is developed [20,
21]. These calculations were applied to describe the d p-elastic scattering diﬀerential cross
section at the energies up to 1000 MeV/n [21–24].
In recent years the experiments to study d p-elastic scattering were performed at the Internal Target Station (ITS) [25] at the JINR Nuclotron in the framework of DSS (Deuteron Spin
Structure) project. The data for the diﬀerential cross section at 650, 700 [26] and 1000 MeV/n
[27] were obtained. In this paper the angular dependences of the diﬀerential cross section for
dp-elastic scattering at 500, 750 and 900 MeV/n, obtained at Internal Target Station (ITS) at
the Nuclotron are presented.
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2 Experiment
The setup at the Internal Target Station at the Nuclotron allows one to obtain the diﬀerent
observables at the angular range 60-140◦ in the c.m.s. The measurements were performed
using the unpolarized deuteron beam, the polyethylene (CH2 ) and the carbon (12 C) targets.
Two pairs of scintillation detectors placed symmetrically with respect to the beam direction
were used to register the elastically-scattered deuterons and protons (DP-detectors). Also two
monitor scintillation counters to detect products of pp-quasielastic scattering (PP-detectors).
The dimensions of the scintillators in the P, D, and PP counters were 20×60×20, 10×40×24,
and 50×50×10 mm, respectively. The distances from the proton, deuteron, and monitoring
counters to the beam–target interaction point were 58, 56, and 56 cm, respectively. The layout
of the counters with respect to the beam direction is shown in Fig. 1.

Figure 1. Layout of the counters with respect to the beam direction. D1,2 , P1,2 - deuteron and proton
detectors, PP1,2 - detectors to register the pp-quasi-elastic scattering

The taking and recording the data from detectors were provide by the VME-system [28]
which consist of two TQDC-16 16-channel modules, the TTCM-V2.0 triggering module, and
the FVME-V1.0 controller. The data were collected at the energies 500, 650, 700, 750 and
900 MeV/n.

3 Differential cross section calculation
Energy losses in the scintillator and the particles time-of-ﬂight are recorded as the amplitude
and time signals. The dp-elastic scattering events were obtained by analysis of the amplitude
spectra. The correlation of the deuteron and proton energy losses is shown in Fig. 2. The
time diﬀerence ΔT d−p between the arrival of signals from the D and P detectors is shown in
Fig. 3.
The diﬀerential cross section was calculated as:


Nd p k pp
dσ
=
JDCnorm .
(1)
D N
dΩ c.m. dΩlab
CH2
D
– the eﬀective solid angle of the
Here Nd p – the number of d p-elastic scattering events, dΩlab
deuteron detector in the laboratory frame under the conditions of its kinematical coincidence
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Figure 2. Correlation of the deuteron and proton energy losses at 500 MeV/n for θc.m. = 75◦ .
The dashed line represents the graphical criterion
for separation of d p-elastic scattering events

Figure 3. The time diﬀerence of the signals appearance from the deuteron and proton counters
at scattering for θc.m. = 75◦ at 500 MeV/n

with the proton counter, NCH2 – the number of reconstructed events for PP-counters under the
condition of their coincidence with each other in the case of scattering on the polyethylene
target, k pp – the correction for the intensity of the carbon background in the NCH2 , JD – the
transformation Jacobian for the transition from the laboratory to the c.m. frames and Cnorm –
the normalization coeﬃcient.
The eﬀective solid angle and the transformation Jacobian were calculated using of the
Pluto event generator [29]. The Nd p , NCH2 , k pp were obtained from the experimental data. The
number of the d p - elastic scattering events was calculated by using the CH2 -C subtraction
procedure. The carbon amplitude distribution was normalized to the polyethylene spectrum
in the domain where d p-elastic scattering does not contribute. After this, the normalized C and CH2 - spectra were subtracted.
The CH2 − C subtraction is not performed for the PP-detector data at each θc.m. . The
estimation of the intensity of the carbon background in scattering on polyethylene was performed for the data sum for all values of the angle θc.m. . The coeﬃcient k pp was calculated
as the ratio of the total number of pp-quasielastic events obtained on the CH2 target without
carbon background subtraction to the number of events after subtraction.
The normalization coeﬃcients Cnorm at 500 and 900 MeV/n were calculated by using the
data at 700 MeV/n. The measurements at this energy were performed for the scattering angle
θc.m. = 75.8◦ . The obtained result for the diﬀerential cross section was normalized to the
data [26] for the same angle. In order to calculate the normalization coeﬃcient at the energy
700
of 500(900) MeV/n, the correction R to the coeﬃcient Cnorm
was introduced from the ratio
of the diﬀerential cross sections for pp-elastic scattering at the energies 700 and 500(900)
MeV/n in the region around the solid angle of the PP-detector. The normalization coeﬃcient
500(900)
700
at the energy of 500(900) MeV/n was calculated as Cnorm
= Cnorm
/R. Analogously the
diﬀerential cross section at 750 MeV/n was calculated. The data at 650 MeV/n were used for
750
the normalization coeﬃcient Cnorm
calculation.
The angular dependences of the diﬀerential cross section at the energy of 500, 750 and
900 MeV/n compared with the world data at close energies and with the theoretical predictions are shown in Figs. 4, 5 and 6, respectively. The Nuclotron data are shown by closed
squares, the data at 425 MeV/n [4] - by crosses, the data at 470 MeV/n [3] - by open squares,
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Figure 4. Diﬀerential cross section
for d p-elastic scattering at 500
MeV/n. Solid squares – the Nuclotron
data, crosses – the data at 425 MeV/n
[4], diamonds – the data at 580
MeV/n [5], open squares – the data at
470 MeV/n [3], dashed and solid lines
– the calculations without and with
Δ-isobars, respectively, performed
within the relativistic
multiple-scattering model [24]

Figure 5. Diﬀerential cross section
for d p-elastic scattering at 750
MeV/n. Solid squares – the Nuclotron
data, circles and triangles – the data at
641 and 800 MeV/n [6], dashed and
solid lines – the same as in Fig. 4

Figure 6. Diﬀerential cross section
for d p-elastic scattering at 900
MeV/n. Solid squares – the Nuclotron
data, triangles – data at 800 MeV/n
[6], stars – the data at 1000 MeV/n
[9], dashed and solid lines – the same
as in Fig. 4

the data at 580 MeV/n [5] - by diamonds, the data at 641 MeV/n and 800 MeV/n [6] - by
circles and triangles, respectively, the data at 1000 MeV/n [9] - by stars.

4 Differential cross section calculation at ﬁxed angle scattering
At high energies and large transverse momenta the constituent counting rules (CCR) [30]
predict the 1/sn−2 dependence of the diﬀerential cross section for the binary reaction, where
n is the total number of the fundamental constituents involved in the reaction. For d p-elastic
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Figure 7. Diﬀerential cross section of
d p-elastic scattering at ﬁxed
scattering angle of θc.m. ∼ 75◦ . Full
symbols – the Nuclotron data, open
symbols – the world data. Line – the
result of the world data ﬁtting by the
function ∼ s−16

Figure 8. Diﬀerential cross section of
d p-elastic scattering at ﬁxed
scattering angle of θc.m. ∼ 82◦ .
Designations are the same as in Fig. 7

Figure 9. Diﬀerential cross section of
d p-elastic scattering at ﬁxed
scattering angle of θc.m. ∼ 111◦ .
Designations are the same as in Fig. 7

scattering n = 18. The diﬀerential cross section at three scattering angles of the c.m.s. covered
√ the laboratory kinetic energy range 0.44 - 1 GeV corresponding to the total c.m. energies
s = 3.1 - 3.42 GeV are shown in Figs. 7, 8 and 9. The world data [3–6, 8, 9] are shown by
the open symbols. The lines are the result of the world data approximation by the function
∼ s−16 .
The results are in a qualitative agreement with the
the world data. The sig√ behavior of √
niﬁcant discrepancy between the data and CCR is at s < 3.1 and s > 3.4 GeV. However,
this discrepancy is decreased with the scattering angle increasing.

5 Conclusion
The diﬀerential cross section data for dp-elastic scattering at 500, 750 and 900 MeV/n are
obtained. The results are in a reasonable agreement with the world data obtained at the
similar energies.
The obtained data were also compared with the calculations of the relativistic multiple
scattering model. The best agreement is at 500 MeV/n. The discrepancies between the experimental data and theoretical predictions are increasing as the energy grows.
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The diﬀerential cross section of dp-elastic scattering
√ at the ﬁxed scattering angle was
obtained. The data cover the total c.m. energy range s = 3.1 - 3.42 GeV. The results are in
a qualitative agreement with the behavior of the world data as well as with the prediction of
CCR.
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