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1. Introduction.

1.1. Basic PDFs of nucleons.

1.2. DIS as a microscope for nucleons. The  PDF f1 and g1.

1.3. New TMD PDFs.

1.4. Other actual problems of high energy physics.



INTRODUCTION.  1.1. Basic twist-2 PDFs of the nucleons

(vertical – nucleon, horizontal – quark polarization) 
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Twist-2 PDFs of nucleons :

f1 - density of partons in non-polarized nucleon, (x, Q2); 

g1 - helicity , longitudinal polarization of quarks in longitudinally 

polarized nucleon; 

h1 -- transversity, transverse polarization of quarks in transversely 

polarized nucleon ;

f┴
1T - Sivers, correlation between the transverse polarization of nucleon 

(transverse spin) and the transverse momentum of non-polarized quarks; 

g┴
1T - worm-gear-T, correlation between the transverse spin and 

the longitudinal quark polarization ;

h┴ 
1  - Boer-Mulders, distribution of the quark transverse momentum 

in the non-polarized nucleon ;

h┴
1L  - worm-gear-L, correlation between the longitudinal polarization 

of the nucleon (longitudinal spin) and the transverse momentum 

of quarks ; 

h┴
1T  - pretzelosity, distribution of the transverse momentum of quarks 

in the transversely polarized nucleon ; 6
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Introduction.       1.2. PDFs f1 and g1

f1 . Measured from Inclusive Deep Inelastic lepton (l)-nucleon (N)  

Scattering (IDIS) :  l + N l’ +X, nucleon can be polarized .
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Introduction. 1.2. PDFs f1 and g1

g1 

Measured from pol separated off tot in so-called  

asymmetries.

The cross sections difference, //, for two opposite 

longitudinal target polarizations is given by the expression:
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INTRODUCTION.                 1.3. TMD PDFs

Transversity PDF h1

Sivers PDF f┴
1T.

No data : Pretzelosity PDF h┴
1T Worm-gear-L h┴

1L Worm-gear-T g┴
1T Boer-Mulders h┴ 

1
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INTRODUCTION. 1.4. Other actual problems of high energy physics



2. Physics motivations

2.1. Nucleon spin structure studies using the Drell-Yan        

mechanism. (AE)   

2.2. New nucleon PDFs and J/Ψ production mechanisms.  (OSh)

2.3. Direct photons. (AG)

2.4. Spin-dependent high-pT reactions.  (SSh)

2.5. Spin-dependent effects in elastic pp and dd scattering.  (OT)

2.6. Spin-dependent reactions in heavy ion collisions.  (OT)

2.7. Future experiments on nucleon structure in the world.  (AN)

12



13

Physics motivations. 
2.1. Nucleon structure studies using the Drell-Yan mechanism.

Lepton plane

Polarization plane

Collins-Soper plane
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8 asymmetries to be measured: ALU, AUL, ATU , AUT, ALL, ATL, ALT, ATT
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Applying the Fourier analysis to the measured asymmetries, 

one can separate each of all ratios                   entering Eq. 2.1.10.1i i

jk jk UUA F F

The large number of independent SFs to be determined from the 

polarized DY processes at NICA (24 for identical hadrons in the 

initial state) is sufficient to map out all eight leading twist 
TMD PDFs for quarks and anti-quarks. 

In above expressions: cross section σpq with superscripts: 

horizontal arrows - for positive (negative) longitudinal beam polarizations, 

vertical arrows - for transversal beam polarization , 

0 - for the non-polarized hadrons .

2 2sin (1 cos )D
1i i

jk jk UUA F F --amplitude of SF modulation
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Physics motivations.   2.3. Direct photons.

Direct photon productions in the non-polarized and polarized pp (pd)

reactions provide information on the gluon distributions in nucleons 

Vertex H corresponds to

q + qbar →γ+g or g+q→γ+q hard processes.

One can show that the polarized gluon distribution (Sivers 

gluon function) can be  extracted from measurement of the 

transverse single spin asymmetry  of order few %.

Via double spin asymmetry ALL   one can measure

a gluon polarization in the nucleon:



3. Requirements to the NUCLOTRON-NICA complex.  (IS)

Beams. The following beams will be needed, polarized and non-polarized:

pp, pd, dd,  pp , pd ,  p p , p d ,  d d .

Beam polarizations both at MPD and SPD: longitudinal and transversal. Absolute 

values of polarizations should be ≥ 50%.The life time of the beam polarization 

should be long enough, ≥24h. Measurements of Single Spin and Double Spin 

asymmetries in DY require running in different beam polarization modes: UU, LU, 

UL,TU, UT,LL ,LT and TL (spin flipping for every bunch or group of bunches 

should be considered).

Beam energies: p p ( spp ) = 12 ÷ ≥ 27 GeV (5 ÷ ≥12.6 GeV kinetic energy),

d d ( sNN) = 4 ÷ ≥13.8 GeV (2 ÷ ≥5.9 GeV/u ion kinetic energy).

Asymmetric beam energies should be considered also.

Beam luminosities: in the pp mode:  Laverage 1·1032 cm-2s-1 (at spp = 27 GeV),

in the dd mode: Laverage 1·1030 cm-2s-1 (at sNN = 14 GeV).

19



Infrastructure. The infrastructure of the Nuclotron-NICA complex 

should include:

- a source(s) of polarized (non-polarized) protons and deuterons,

- a system of polarization control and absolute measurements (3-5%),

- a system of luminosity control and absolute measurements,

- a system(s) of data distribution on  polarization and luminosity to the 

experiments.

The infrastructure tasks should be subjects of the separate project(s).

Beams intersection area. The area of ± 3m along and across of the 

beams second intersection point, where the detector for the spin 

physics experiment will be situated, must be free of any collider 

elements and equipment. The beam pipe diameter in this region should 

be minimal, 10 cm or less, to guaranty the angular detector acceptance 

close to 4π. The walls of the beam pipe in the region ± 1m of the 

beams intersections should have a minimal thickness and made of the 

low-Z material (Be?). 
20



4. Polarized beams at NICA.    (TO BE UPDATED)

The NICA complex at JINR has been approved in 2008 assuming 

two phases of construction.

The first phase realizing now includes construction of facilities for 

heavy ion physics program .

The second phase should include facilities for the program of spin 

physics studies with polarized protons and deuterons. 

21
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Feasible schemes of manipulations with polarized protons and 

deuterons are suggested. The final scheme will be approved at the 

later stages of the project. 
24
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5. Requirements to the spin physics detector (SPD).  (AN, IS)

5.1. Event topologies.

5.2. Possible layout of SPD. 

5.3. Trigger system.

5.4. Local polarimeters and luminosity monitors. 

5.5. Engineering infrastructure.

5.6. DAQ.

5.7. SPD reconstruction software.

5.8. Monte Carlo simulations.

5.9. Slow control.

5.10. Data accumulation, storing and distribution.
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The “almost 4πgeometry” requested by DY and direct photons can be realized in the 

solenoid version of SPD if it has overall length and diameter of about 6 m.
27
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SPD experimental area



6. Proposed measurements with SPD.

6.1. Estimations of DY and J/Ψ production rates.  (AN, OSh)

6.2. Estimations of direct photon production rates. (AG)

6.3. Rates in high-pT reactions.  (SSh)

6.4. Rates in elastic pp and dd scattering.

6.5. Feasibility of the spin-dependent reaction studies in heavy ion collisions.

We propose to perform measurements of asymmetries of the DY pairs production in 

collisions of polarized protons and deuterons (Eqs.2.1.0) 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/Ψ 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.

29



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 [2]. 

With these packages we have generated a sample of 100K D­Y events 

(~ 1 year of data taking) for comparison with expected asymmetries. 

Sivers Boer-Mulders

30

6.1. Estimations of DY production rates
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6.2. Estimations of direct photon production rates. 

AN and ALL could be measured at SPD with statistical accuracy 

~0.11% and  ~0.18%, respectively, in each of 18 xF bins

(-0.9< xF < +0.9). 



7. Time lines of the Project 

The participants of the LoI are planning to submit the document for 

discussions at the JINR and outside during the year 2014. 

If it will be approved at JINR by the end of 2014, the corresponding 

Proposal could be prepared by the end of 2015. 
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CONCLUSIONS 

1. The text of LoI is almost complete for presentations.

2. It will be updated and finalized after the Prague workshop and 

presentations will start accordingly. 

3. Presentation of LoI at PAC on particle physics is planned for 

24-25 June 2014.

4. The list of participants is open for interested  people .



Back up slides
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Twist-2 PDFs of nucleons :

f1 - density of partons in non-polarized (U) nucleon, (x, Q2); 

g1 - helicity , longitudinal polarization of quarks in longitudinally 

polarized (L) nucleon; 

h1 -- transversity, transverse polarization of quarks in transversely 

polarized (T) nucleon ;

f┴
1T - Sivers , correlation between the transverse polarization of nucleon 

(transverse spin) and the transverse momentum of non-polarized quarks; 

g┴
1T - worm-gear-T ,correlation between the transverse spin and 

the longitudinal quark polarization ;

h┴ 
1  - Boer-Mulders , distribution of the quark transverse momentum 

in the non-polarized nucleon ;

h┴
1L  - worm-gear-L , correlation between the longitudinal polarization 

of the nucleon (longitudinal spin) and the transverse momentum 

of quarks ; 

h┴
1T  - pretzelosity ,distribution of the transverse momentum of quarks 

in the transversely polarized nucleon ; 35
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