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ANALYZING POWERS iTy; AND T, OF dp - ppn REACTION
AT 400 MeV INVESTIGATED AT NUCLOTRON

One of the tools to study spin structure of short range correlations (SRCs) and three nucleon forces is the measurement of the polarization
observables. Deuteron induced reactions at intermediate energies are investigated at Internal Target Station (ITS) of Nuclotron through the dp

elastic and dp — ppn reactions. Analyzing powers iT1l and T20 analyzing powers of dp — ppn reaction at 400 MeV are presented.
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1. Introduction

Reactions with few nucleons have a rich phase space.
Polarization observables can be measured under various
kinematic conditions. Intermediate energy region is of a special
interest. In the region of few hundreds MeV QCD cannot be
applied. Many experimental and theoretic studies are aimed in
the region below the pion threshold where the exact calculations
can be done. The most used contribution in theoretical models
which include three nucleon forces (3NFs) is two pion exchange,
e.g. Urbana IX [1] and Tucson-Melbourne [2]. These models
properly describe binding energies of three and four nucleon
systems. Generally, cross section of reactions with few nucleons in
which the nucleon is unpolarized is better described than for the
polarized case. Much worst situation is when the beam or target
is polarized, especially in the case of polarization observables
The simplest reactions in which three nucleon
forces can be investigated are dp elastic scattering and dp — ppn
reactions. Spin structure of the np SRCs has been investigated
at JINR via the measurements of the tensor analyzing power Avy
in deuteron inclusive breakup at different energies in the wide

measurement.

regions of the x, and transverse proton momentum p,. [3]. The

AU_ data demonstrate the dependence on two internal variables, X,

and p_ or their combinations. However, none of used approaches
[4, 5] describe the data. In the vicinity of the Sagara discrepancy
the currently known 3NF contribute by up to 30 % to the dp

elastic scattering cross section at intermediate energies [6]. The
investigation of dp — ppn reaction at deuteron energy of 270 MeV
at RIKEN [7] and IUCF [8] reveals that vector analyzing power
Ay can be described using only NN forces. But other polarization
observables need 3NFs to describe the data. The investigation
of dp — ppn reaction at energy of 130 MeV measured at KVI
[9] shows similar behavior. Inclusion of 3NF improves the
description of a part of the data but breaks the other.

Reactions dp elastic and dp — ppn are studied in intermediate
energy region from 300 - 2000 MeV and 300 - 500 MeV with
unpolarized and polarized beam at Nuclotron with the aim of the
study of a few nucleon correlations.

2. Experiment and results

The goal of the Deuteron Spin Structure (DSS) experimental
program is to obtain the information about two and three nucleon
forces including their spin dependent parts from dp elastic
scattering at the energies between 300 - 2000 MeV and dp — ppn
reactions with registration of two protons at deuteron energies
of 300 - 500 MeV [10]. Deuteron beam is accelerated up to the
required energy with Nuclotron. Polarization of deuteron beam is
provided by new polarization ion source (PIS). The new PIS can
provide unique opportunity for the studies of the spin effects and
polarization phenomena in a few body systems at internal target
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station (ITS) and also on extracted beam with the BM@N setup.
Commissioning of the upgraded DSS setup has been performed
at 270 MeV using unpolarized and polarized deuteron beam in
June-July 2016. Good values of vector and tensor polarizations
[11] were obtained at low energy polarimeter.

deuteron beam porization axis

0 - polar angle
¢ -azimuthal angle
a - horizontal angle
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B - vertical angle
of the mechanics

. beam view
(from ITS to detectors)

Fig. I Placement of AE-E detectors in case of dp — ppn reaction
measurement at 400 MeV: detectors are placed in the vicinity
of the ITS; position of each detector is defined by physical angles 6
(not shown) and @; angles of mechanics are used to adjust detector
position related to beam direction

The transversely polarized deuteron beam interacting with
the polyethylene and carbon targets. The effect on hydrogen
is obtained by subtracting of carbon spectra from spectra on
polyethylene. The polarization was flipped each spill between
“spin-up” and “spin-down” (perpendicular to the plane of the
accelerator) and no polarization. Ideal values of polarization were
(pz, pzz) = (-1/3, 1) and (-1/3, -1), respectively. The polarization
of deuteron beam was monitored continuously during the whole
experiment. Vector and tensor polarizations are obtained from
the asymmetries and known values of analyzing powers of dp
elastic reaction at energy of 270 MeV. These values were used
in determination of analyzing powers of dp — ppn reaction at
400 MeV. The measured values of polarization for “mode +”
when tensor component is positive are: pz = -0.190 + 0.009,
pzz = 0.533 = 0.017 and for “mode -”: pz = -0.230 = 0.007,
pzz =-0.705 £ 0.013. Statistical and systematical errors are taken
into account. Statistical error comes from the ratio of dp elastic to
pp quasi elastic events. Eight AE - E detectors are used in dp — ppn
experiment to obtain the asymmetries. The details of the AE - E
detector construction can be found in [12]. Each detector lays on
the plane which is rotated by the angle of 45° or -45° related to the
beam orbit one, see Fig. 1. The detector placement is determined
by polar 6 and azimuthal ¢ angles, see Table 1. Azimuthal
angle @ have anticlockwise direction and is related to the
detector closest to beam direction.
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Detectors layout - polar (0) and azimuthal () angles;

o and f - angles of mechanics Table 1
Detector No. 01[°] o [°] al®] Bl°]
1 34.8 45.0 24.1 24.1
2 36.8 315.0 -25.0 25.0
3 50.4 45.0 38.6 38.6
4 52.5 315.0 -39.6 39.6
5 34.8 135.0 24.1 241
6 36.8 225.0 -25.0 250
8 52.5 225.0 -39.6 -39.6
9 50.4 135.0 38.6 -38.6

Monte Carlo simulation has been performed to confirm
the suitability of the experiment and to find the criteria for
selection of the useful events [13]. The cross section ¢ of the
investigated reaction can be expressed through the cross section
of unpolarized one a, deuteron beam polarizations p, and p,,,
angles 0, @, f and analyzing powers in spherical representation

iT,, T,, T, and T,, by following:
TZU 9
0 =0,(1+v3il(0)p.sinBcosp + ( )p
/8
: G
(3cos’B—1)+ V3 Tu(0)p..cos Bsing — TT22(6)13ZZ
sin?Bcos 2¢) (D

The last two terms vanish because of the polarization of
deuteron beam is perpendicular to the accelerator orbit and
slope of detectors plane is 45° or -45°, respectively. The obtained
counts for two polarized modes and one unpolarized have been
normalized on the beam luminosity. Tensor analyzing powers are
vanishing in a case of registration of two protons under pp quasi
condition. Therefore only vector analyzing powers A)_ have non
zero value. Vector analyzing power A‘, is related to iT,, through
the following equation:

A, = QiTn (2)

The obtained vector analyzing powers Ay for two angles
at 72.3° and 76.5° in the pp centre of mass system (CMS)
are shown In Fig. 2 along with the world data at 200 MeV/N
[14, 15]. One can see agreement between data at the obtained
experimental level of accuracy. The measured values of /T, and
T,, analyzing powers for four detector configurations are shown
in Table 2. The configurations which contain detectors 8 and 9
were not taken into account due to some interference between
them and accelerator device support mainly rails. Each detector
configuration is determined by polar (6,, 6,) and azimuthal ¢
angles. The azimuthal angle ¢ is related to the angle of detector
closest to the beam direction, see Fig. 1. Analyzing power 7, is
equal to zero in case of pp quasi elastic scattering at 90°. Values
of iT, and T, analyzing powers should be equal for the detector
configuration 1, 6 and 5, 2 in case that angles 01, 62 and ¢ and
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vector and tensor polarization are the same for both cases. One
can see agreement between the obtained data at the experimental
level of accuracy. In the last column, iT) and 7, analyzing powers
for 1, 6 and 5, 2 configurations are combined. A low yield has
been observed in other detector configurations.

Plotted data is for TLAB= 197.40 to TLAB= 210.00
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Fig. 2 Angular dependence of the vector analyzing power at energy of

200 MeV/N; data obtained at Nuclotron JINR are represented by full

blue symbols (72.3° and 76.5° in CMS); other symbols represent world
data [14, 15] and references therein

3. Conclusion

Values of the vector analyzing powers /T, at 72.3° and
76.5° in CMS are 0.10 = 0.02 and 0.11 £ 0.06, respectively. They
are in agreement with world pp- elastic scattering data within
experimental errors. Values of the vector /T and tensor T,
analyzing powers are 0.47 + 0.10 and 0.02 = 0.20.To substantially
decrease the errors of analyzing powers the beam luminosity
needs to be increased at about factor of 10. The future plans
are connected with the measurements of tensor and vector
analyzing powers in interesting regions of phase space where
the contributions of three nucleon forces is expected to be large
enough to observe. The sufficient statistics will allow obtaining
kinematic (S curve) dependence of analyzing powers.

Acknowledgments

The authors thank the staff of the Nuclotron for providing of
the good conditions of the experiment. We are grateful to A.V.
Averianov, E.V. Chernykh, D.O. Krivenkov and A.V. Tishevsky
for their assistance during the experiment. This work has been
supported partly by the scientific cooperation program JINR-

Slovak Republic in 2016 and 2017 years and by the Russian
Foundation for Basic Research under grant no. 16-02-00203a.

Spherical analyzing powers iT | and T,  for different detector configuration - polar (6, 6,) and azimuthal ¢ angles Table 2

Conf. 0, [°] 0,[°] o [°] iT T, iT | combined T,, combined
detectors - 5, 4 34.8 52.5 135 0.10 £ 0.02 0
detectors - 6, 3 36.8 50.4 45 0.11 £ 0.06 0
detectors - 1, 6 34.8 36.8 135 0.55+0.15 0.13£0.30
0.47 £ 0.10 0.02 £0.20
detectors - 5, 2 34.8 36.8 135 0.39£0.13 -0.09 £0.27
References

[1] RAUPRICH G., et al.: Study of the Kinematically Complete Breakup Reaction 2H( p, pp)n at Ep=3 Mev with Polarized Protons.
Nuclear Physics A, 535, 313-330, 1991.

[2] PATBERG H., et al.: Deuteron Breakup Reaction 2H(p~, pp)n Induced by Polarized Protons at Ep=9.0 MeV. Physical Review C, 53,
1497-1505, 1996.

[3] AZHGIREY L. S., et al.: Measurement of the Tensor analyzing Power T(20) in Inclusive Deuteron Breakup at 9-GeV/c on
Hydrogen and Carbon. Physics Letters B, 387, 37-42, 1996.

[4] MACHLEIDT R.: High-Precision, Charge-Dependent Bonn Nucleon-Nucleon Potential. Physical Review C, 63, 024001, 2001.

[5] KARMANOV V. A., SMIRNOV A. V.: Electromagnetic Form Factors in the Light-Front Dynamics. Nuclear Physics A, 546, 691-717,
1992.

[6] SAKAMOTO N., et al.: Measurement of the Vector and Tensor Analyzing Powers for the d-p Elastic Scattering at Ed=270 MeV.
Physics Letters B, 367, 60-64, 1996.

[7] SEKIGUCHI K., et al.: Three-Nucleon Force Effects in the 'H("d, “pp)n Reaction at 135 MeV/nucleon. Physical Review C, 79,
054008, 2009.

[8] MEYER H. O., et al.: Axial Observables in “d”p Breakup and the Three-Nucleon Force. Physical Review Letters, 93, 112502, 2004.

64 ¢ COMMUNICATIONS 3/2017 VOLUME 19



COMMVINICIONS

[9] KISTRYN 8., et al.: Systematic Study of Three-Nucleon Force Effects in the Cross Section of the Deuteron-Proton Breakup at
130-MeV. Physical Review C, 72, 044006, 2005.

[10] LADYGIN V. P, et al.: Recent Results with Polarized Deuterons and Polarimetry at Nuclotron-NICA. Journal of Physics:
Conference Series, 295, 012131, 2011.

[11] JANEK M., et al.: Investigation of the dp Breakup and dp Elastic Reactions at Intermediate Energies at Nuclotron. Few-Body
Systems, 58(2), 40, 2017.

[12] PIYADIN S. M., et al.: AE-E Detector for Proton Registration in Nonmesonic Deuteron Breakup at the Nuclotron Internal Target.
Physics of Particles and Nuclei Letters, 8(2), 107-113, 2011.

[13] JANEK M., TRPISOVA B., LADYGIN V. P, PIYADIN S. M.: Communications - Scientific Letters of the University of Zilina, 16(1),
59-63, 2014.

[14] RAHM S., et al.: np Scattering Measurements at 162 MeV and the m NN Coupling Constant. Physical Review C, 57, 1077-1096,
1998.

[15] HAEBERLI W., et al.: Proton-Proton Spin Correlation Measurements at 200 MeV with an Internal Target in a Storage Ring.
Physical Review C, 55, 597, 1997.

VOLUME 19 COMMUNICATIONS 3/2017 e 65



