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Abstract—The article presents the results of the pp-scattering simulation at the total energy up to 27 GeV
for the SPD Technical Design Report version of the Beam–Beam Counter. In the SPDRoot framework the
simulation has been performed using the event generators: FRITIOF, Pythia8, and Pluto. The results have
been compared with the differential cross section of the existing experimental data. The first estimations of
the inclusive charged particle production asymmetries with Beam–Beam Counter have been obtained.
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1. INTRODUCTION

The polarized experiments are the important part
of the modern particle physics. The research of the
pp-, dd- and pd-collisions is essential tool for precise
understanding the spin dependence of the nucleon–
nucleon strong interactions. NICA (Nuclotron based
Ion Collider fAcility), which is under construction,
will allow one to perform measurements at the total
energy up to

√
s = 27 GeV. Spin Physics Detector

(SPD) [1] will be placed in one of the two beam
collision points of the NICA. This detector is being
developed as a universal setup for the comprehen-
sive study of gluons in protons and deuterons at the
luminosity up to 1032 cm−2 s−1. It is planned to
measure the single and double asymmetries in the
production of the charmonia, open charm, and prompt
photons. The SPD experimental setup is designed as
a universal 4π detector with advanced tracking and
particle identification. It includes: a vertex detec-
tor, a straw-tube based tracking system, a time-of-
flight system, an aerogel-based Cherenkov detector,
an electromagnetic calorimeter, a muon (range) sys-
tem, beam–beam counters (BBC), and zero-degree
calorimeters. Two BBC are designed to perform the
local polarimetry of the transverse polarized protons
and control the luminosity of the beam collision.

The paper gives the simulation results of the pp-
scattering at the energies

√
s = 6.2, 10 and 23.5 GeV

for the BBC under SPDRoot [2] framework.
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2. BEAM–BEAM COUNTER

The SPD will include two beam–beam counters.
In the current design the BBC consists of ∼96 scin-
tillation tiles. It will be divided into 6 concentric
layers with 16 azimuthal sectors each. The distance
between the tiles is equal to 10 mm. The tile thickness
is equal to 5 mm. Due to azimuthal granulation,
they can be used to determine and control the beam
polarization via the measurement of the single-spin
asymmetry in the elastic pp- and dd-scattering. It
is necessary to control the beam polarization during
data taking to reduce the systematic error caused by
varying the beam polarization. At NICA energies
the value of the inclusive single-spin asymmetry is
expected to be significant [3]. Therefore, the BBC can
be used for the local polarimetry at SPD.

The diameter of BBC will be equal to approxi-
mately 1700 mm. The distance between each detector
and SPD center is equal to Z = 1716 mm. The above
BBC configuration allows one to cover the angle
scattering range up to θ = 25◦−30◦. The uncertainty
of the interaction point location is expected to be
ΔZ ∼ ±300 mm. The wavelength shifting (WLS)
fiber will be installed in each BBC tile. The tiles of
the BBC are observed by the silicon photomultiplier
(SiPMs). The measurement of the signal amplitude
is required for the time-walk correction to improve the
time resolution.

3. SIMULATION OF THE pp-SCATTERING

The BBC geometry was used to simulate the pp-
scattering. The simulation at energies

√
s = 6.2,

10 and 23.5 GeV has been performed by using the
FRITIOF (FTF) and Pythia8 generators within the
SPDroot framework. The events’ distributions have

44



THE pp-SCATTERING SIMULATION 45

4000

Entries

10 20 30 40 50 60 70 80 90 100

6000

12 000

14 000

16 000

10 000

800

2000

0

Protons

�+

��

r, cm

Fig. 1. The entries’ distributions as a function of the BBC plane radius for protons, π+, and π− particles, shown with the solid,
dotted and dashed lines, respectively. The results have been obtained using FTF generator at total energy

√
s = 6.2 GeV.
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Fig. 2. The analyzing powers AN and Aeff
N obtained within the framework of the model CPQ using the FTF—simulation

results. (a), (b) and (c) results of the calculations at energies
√
s = 6.2, 10 and 23.5 GeV, respectively. The open triangles,

circles, and squares are the AN data for protons, π+, and π−, respectively. The solid stars are the Aeff
N data.

been obtained as dependence on radius (r) in the
BBC plane for protons, π+, and π− particles. The r-
dependencies obtained by means of the FTF—events
generator at 6.2 GeV are demonstrated in Fig. 1. The
data for the protons, π+, and π− particles are shown
with the solid, dotted and dashed lines, respectively.
Also, the comparison of the Feynman variable xF -
and the transverse momentum pt-distributions has

been performed with the FTF and Pythia8 generators.
The both generators have given similar results.

The analyzing powers AN for inclusive reaction
have been calculated within the framework of the
phenomenological model for chromomagnetic polar-
ization of quarks (CPQ) [3]. The efficient analyzing
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Fig. 3. (a) The momentum P distribution of all charged particles at the energy 10 GeV obtained with the Pythia8 generator.
The results with elastic scattering turning on and off are shown with the solid and dashed histograms, respectively. (b) the
P -distributions obtained at 10 GeV with the FTF (solid histogram) and Pythia8 (dashed histogram) generators.
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Fig. 4. The analyzing powersAN have been calculated at the energies 6.2 (a), 10 (b) and 23.5 (c) GeV using the FTF generator.
The data for elastic and inelastic scattering are shown with the squares and circles, respectively.

powers Aeff
N have been estimated by the formula:

Aeff
N =

Ap
NNp +Aπ+

N Nπ+ +Aπ−
N Nπ−

Nch
. (1)

Here Nch is the total charged particle number, Np,
N+

π , N−
π —number of the protons, π+, and π− in each

circle layer. The calculated values of the AN and Aeff
N

using the FTF-simulation results are demonstrated
in Fig. 2. The value of asymmetry Aeff

N is small due to
the small values of xF and pt in this kinematic area.

The non-zero value for second (and third) sector is
due to the Aproton

N (elastic or inelastic scattering).

Also, the asymmetry estimation has been obtained
for 10 and 23.5 GeV. At

√
s > 10 GeV the Aeff

N has
non-zero values for the layers number >2. The se-
lection of the elastic channel is necessary to estimate
its contribution to the behavior of Aeff

N . The analysis
of the momentum distributions for all particles has
been performed for this purpose. The obtained results
at 10 GeV using the FTF and Pythia8 are shown in
Fig. 3a with the solid and dashed histograms, respec-
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Fig. 5. The angular dependencies of the differential cross section (triangles) and simulation results. The simulation data with
the FTF, Pythia8 and Pluto generators are shown with the open squares, circles, and solid squares, respectively. (a) the data
at

√
s = 6.2 GeV, (b) the data at

√
s = 23.5 GeV.
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Fig. 6. The radial (r) event dependence in the BBC plane at the energy 10 GeV obtained with the Pythia8 generator.

tively. The both generators have given the similar
results. The momentum distributions of all charged
particles with and without account of the pp-elastic
scattering are illustrated in Fig. 3b with the solid and
dashed histograms, respectively. The data have been
obtained using the Pythia8 generator. The analy-

sis of these distributions has shown that the elastic
events are concentrated at the P > 4.85 GeV/c. The
elastically scattered protons can be selected from the
total number of particles by means of the cut on the
momentum P . The analyzing powers AN have been
calculated at three energies (6.2, 10 and 23.5 GeV)
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for pp-elastic and inelastic scattering (Fig. 4). The
elastic scattering plays a significant role at all layers
(except for the first one) at the energy 6.2 GeV. The
contribution of the inelastic scattering is close to
zero at this energy. The role of the inelastic channel
is important starting from the third layer at 10 and
23.5 GeV. The contribution of the elastic scattering
is approximately equal to zero and decreases with
the energy increasing because of the strong fall of
the pp-elastic scattering differential cross section at
high energies. Thus, the elastic scattering plays an
important role at the

√
s < 10 GeV. The pp-inelastic

scattering, on the contrary, is significant at the
√
s >

10 GeV.
The angular dependencies of the obtained normal-

ized elastic scattering events have been compared
with the differential cross section at the similar en-
ergies [4, 5]. The data at energies

√
s = 6.2 and

23.5 GeV are presented in Fig. 5. The normalized
yields of the pp-elastic events obtained earlier [6]
with the Pluto generator [7] are shown with the solid
squares. The simulation results are in agreement with
the behavior of the experimental data.

A new BBC geometry was offered with an in-
creased number of tiles. Each azimuthal sector in-
cludes 25 tiles, inside which the WLS will be in-
stalled. The opening angle of the sector is the same
(22◦). The distance between the tiles is equal to 1 mm.
The tile is 10 mm thick. Such design will increase
light collection. The new geometry has been imple-
mented within SPDroot framework. The momentum
P , Feynman variable xF , the transverse momentum
pt-distributions and the radial (r) event dependence
in the BBC plane have been obtained. As example the
r-distribution at the energy 10 GeV obtained with the
Pythia8 generator is shown in Fig. 6

4. CONCLUSIONS
The simulation of the pp-scattering at the energy√
s < 27 GeV has been performed for SPD BBC

using the FTF, Pythia8, and Pluto generators within
SPDroot framework.

The efficient analyzing powers AN have been
estimated for pp-interaction at

√
s = 6.2, 10 and

23.5 GeV within the framework of the phenomeno-
logical model for chromomagnetic polarization of
quarks [3].

The role of the pp-elastic scattering has been stud-
ied. It has shown that the elastic channel gives
significant contribution to the efficient asymmetry at
the energy

√
s < 10 GeV. The inelastic channel, on

the contrary, gives a significant contribution at the
energy

√
s > 10 GeV.

The comparison of the simulation results with the
differential cross section experimental data has been
performed. The data are in agreement.

The work with the new highly granular design of
the BBC has been started.
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