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Collider basic parameters:
Vs = 4-11 GeV; beams: from p to Au; L~10%7cm2c' (Au), ~10%2¢cm2c! (p)

0.6-4.5 GeV/u
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where Fik are the Structure Functions (SFs) connected to the corresponding PDFs. The SFs

depend on four variables P, -q, Py, -q, gqr and q2 oronqr. q2 and the Bjorken variables of
colliding hadrons, X, , X ,
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X, = . yis the CM rapidity and
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The cross section cannot be measured directly because
there 1s no single beam containing particles with the U,
L and T polarization. To measure SFs entering this
equation one can use the following procedure: first, to
integrate cross section over the azimuthal angle ®s,
second, following the SIDIS practice, to measure
azimuthal asymmetries of the DY pair’s production
cross sections. The integration over the azimuthal
angle @ gives:
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The PDFs studies via Fourier analysis to the measured

The azimuthal asymmetries can
be calculated as ratios of cross
sections differences to the sum
of the integrated over @ cross
sections.

The azimuthal distribution of
DY pair’s produced in non-
polarized hadron collisions,
Ay, and azimuthal
asymmetries of the cross
sections in polarized hadron
collisions, Ay are given by
relations shown left.
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The PDFs studies via Fourier analysis to the measured
asymmetries.

Applying the Fourier analysis to the measured asymmetries, one can separate each of
all ratios entering previous slide. The extraction of different TMD PDFs from those
ratios is a task of the global theoretical analysis (a challenge for the theoretical
community) since each of the SFs a result of convolutions of different TMD PDFs in the
guark transverse momentum space. For this purpose one needs either to assume a
factorization of the transverse momentum dependence for each TMD PDFs, having
definite mathematic form (usually Gaussian) with some parameters to be fitted

(M. Anselmino et al., arXiv:1304.7691 [hep-ph]), or to transfer to impact parameter
representation space and to use the Bessel weighted TMD PDFs

(Daniel Boer, Leonard Gamberg, Bernhard Musch, Alexei Prokudin, JHEP 1110 (2011)
021, [arXiv:1107.5294])
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Studies of PDFs via integrated/weighted asymmetries.

)
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The set of asymmetries mentioned above gives the access to all eight leading twist TMD PDFs.
However, sometimes one can work with integrated asymmetries. Integrated asymmetries are
useful for the express analysis of data and checks of expected relations between asymmetries
mentioned above. They are also useful for model estimations and determination of required
statistics . Let us consider several examples starting from the case when only one of colliding
hadrons (for instance, hadron “b”) is transversely polarized. In this case the DY cross section

can be reduced to the expression:
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Studies of PDFs via integrated/weighted asymmetries.
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Studies of PDFs via integrated/weighted asymmetries.

So far the pp-collisions have been considered. At NICA the pd- and dd-collisions will be
investigated as well. As it is known from COMPASS experiment, the SIDIS asymmetries on
polarized deuterons are consisted with zero. At NICA one can expect that asymmetries

sin( gt )3T sin(é -+ )
w.’.f|:s.|n(¢5'_¢b )MN :| u.[s.m(ﬁ_gﬁ_g )MN }
T 4 AU]'
pD' pD’
But asymmetries in Dp1 collisions are expected to be non-zero. In the limiting cases x, >> X -

also will be consistent with zero (subject of tests).

and x;, << X these asymmetries (accessible only at NICA )
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Measurements of integrated/weighted asymmetries.

We propose to perform measurements of asymmetries of the DY
pair”“s production in collisions of polarized protons and deuterons
which provide an access to all collinear and TMD PDFs of quarks
and anti-quarks in nucleons.

The measurements of asymmetries in production of J/¥ and direct
photons will be performed simultaneously with DY using dedicated
triggers.

The set of these measurements will supply complete information for

tests of the quark-parton model of nucleons at the twist-two level
with minimal systematic errors.

10
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Estimation of the DY pair's production rate at SPD was performed using the
expression for the differential and total cross sections of the pp interactions:

1.2

0.8F

1T

\$=26 GeV (L~1.2x10% cm?s")

\$=24 GeV (L=1.0<10¥ cm? s7)
\s=22 GeV (L=0.7x10% cm? s")

\s=20 GeV (L~0.5x10" cm? s7)

Cross section (left) and
number of DY events
(right) versus the minimal
invariant mass of lepton
pair for various proton

beam energies
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The Table shows values of the cross sections and expected
statistics for DY events (K events) per four moths of data
taking and 100% acceptance of SPD at two energies.

Lower cut on My, ., GeV 2.0 3.0 3.5 4.0
Vs=24 GeV (L= 1.0-10" cm™s™)

opy total, nb 1.15 [ 0.20 [0.12 |0.06
events 1800 | 313 | 179 |92
\s=26 GeV (L= 1.2-10"cm™s™)

opy total, nb 1.30 |0.24 [0.14 | 0.07
events 2490 | 460 | 269 142

11
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Estimations of DY pairs and J/¥ production rates.

To estimate the precision of measurements, the set of original software packages for
MC simulations, including generators for Sivers, Boer-Mulders and Transversity PDFs,
were developed in
A .Sissakian,O.Shevchenko, A.Nagaytsev,O.Ivanov, Phys.Part.Nucl.41 (2010) 64-100.
With these packages a sample of 100K DY events was generated in the region of
Q? > 11 GeV? for comparison with expected asymmetries.
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Fit : xf 1" = —xf, " =0.4x(1-x)’; Fit I xf " = —xf ;" =0.1x(1-x)" A,
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. 1q 1 0, 0.02;—
Fit IIL: x = —x£ 10 = (0.17...0.18)x" (1 - x) - /\
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0.12— | -0.04/— e
01— -0.06—
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C | | | | | | | Estimations of Boer-Mulders asymmetry A “Jat s =26 GeVand Q* = 15
-0.02 08 -06 04 -0.2 0 0.2 0.4 0.6 0.8 GeV. The solid and dotted curves correspond to the first and second versions of the evolution
X Xp1 model, respectively. Points with bars show the expected statistical errors obtained with 100K of

events
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Estimated Sivers asymmetry A "lat +fs =26 GeV with Q* = 15 GeV>.
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N®B2 _~
s—Estimations of DY pairs and J/¥ production rates.
Statistics of the J/¥ and DY events (with cut on M, .= 4 Gel) expected to be

recorded (“per year”) in four months of data taking with 100% efficiency of SPD
are given in Table.

O
r % - P,
= L
’g : [\ Drell Yan %103?
g Y-states Yol
@
£ E 102
T F Oy j
D - \ © ~ 1 I
= : 4@ éO ffo : < I
I W 2 W S
" Co N e iy v Purid e i
0 2 4 6 8 OMMs (ggw 0
m|.L+|.L— (GeV)
%, GeV 24 26 %, GeV 24 26
Oj/y ° Be+e— 5 nb 12 16 opy , nb 0.06 0.07
Events “per year” | 18:10° |23-10° | Events “per year” | 92-10° | 142-10°
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DY background studies
DY and min bias events were generated with PYTHIA 6

« 2 proton beams with E=12 GeV * PYTHIAG6
- Only process qG=y 2u'n « MSEL=2
*m, >1GeV

s + +
« Decays of 7T, K“,Kg turned on
* 105 events
. o,,=8.7nb (ratio o,,(MB)/c, (DY)~4510")

tot

2 proton beams with E=12 GeV
Decays of ", K™, K turned on
75-108 events

o,,=39.4mb

tot

* Only muons produced in volume with L=8 m and D=7
m were taken into account.

«(For m >3GeV O, = 0.23 nb) dimuon mass dimuon mass -

uu

Entries 4.3078520+07
04875
0284

RMS

dimuon mass

107

10°

10°

- min. bias (75M events)

10°

no cuts

1 02 I >0.5GeV

0 min. bias, muon track olates to d=1 mm area arourjd Oz i r:Lonvtrack —— T e ——

crosses area of d=1 mm and muon tracks
1 . I around z axis ; <0.01 rad J
15
10? Tracking system must to be done
0° with very high efficiency to reduce
(it s DY background.
0 1 2 3 4 5 6 7 8 9 10
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We propose to perform measurements of asymmetries of the DY pair's
production in collisions of non-polarized, longitudinally and transversally
polarized protons and deuterons which provide an access to all leading
twist collinear and TMD PDFs of quarks and anti-quarks in nucleons.

The measurements of asymmetries in production of J/¥ and direct
photons will be performed as well simultaneously with DY using dedicated
triggers. The set of these measurements will supply complete information
for tests of the quark-parton model of nucleons at the QCD twist-two
level with minimal systematic errors.

Letter of Intent was approved at the meeting of the JINR Program
Advisory Committee (PAC) for Particle Physics on 25-26 June 2014.)

New stage og SPD project - From LoI to CRD

Collaborators are
welcomed |

15



