Spin Physics Experiments @ NICA-SPD
with polarized proton and deuteron
beams.

Letter of Intent.

|.Savin, on behalf of the Drafting Committee*), talk at
EU-Russia-JINR @ Dubna Round Table, Dubna, 3-5 March 2014.

CONTENT

1. Introduction

2. Physics motivations

3. Requirements to the NUCLOTRON-NICA complex
4. Polarized beams at NICA

5. Requirements to the spin physics detector (SPD)

6. Proposed measurements with SPD

7. Time lines of experiments

*) 1.Savin, A.Efremov, D. Peshekhonov, A. Kovalenko, O.Teryaev, O.Shevchenko,
A. Nagajcev, A. Guskov



Nec sine te, nec tecum vivere possum‘; vaid)*
Spin Physics Experiments at NICA-SPD with polarized proton

and deuteron beams.

F. Ahmadov!, R.R. Akhunzyanov!, V. A. Anosov!, N.V. Anfimov!, S. Anishchanka!?,

X. Artru'®, A.A Baldin!, V.G. Baryshevsky!?, A. S. Belov?, D. A. Bliznyuk'4, M.Bodlak3,

A.V. Butenko!, A. P. Cheplakov!, I. E. Chirikov-Zorin!, G. Domanski!?, S.V. Donskov®,

M. Dziewiecki'?, A.V. Efremov!, Yu. N. Filatov'-, V.V. Fimushkin!, M. Finger (jun.)”!,

M. Finger”!, S.G. Gerassimov'3, I.A. Golutvin!, B.V. Grinyov'4, A. Gurinovich!?, A.V. Guskov!,

Yu. I. Ivanshin!, A.V. Ivanov!, V. Jary3, A. Janata”-!, N. Javadov!, L. L. Jenkovszky*,

V. D. Kekelidze!, A.P. Kobushkin®, B. Konarzewski'?, A. M. Kondratenko?,

M. A. Kondratenko?, I. Konorov!3, A. D. Kovalenko!, O. M. Kouznetsov!, G. A. Kozlov!, A. Krisch!® ,
Z.V. Krumshtein'!, V.V. Kukhtin!, K. Kurek®, P. K. Kurilkin!, R. Kurjata!?, L.V. Kutuzova!,

V. P. Ladygin!, R. Lednicky!, A. Lobko!?, A.I. Malakhov, J. Marzec!?, J. Matousek’,

G.V. Meshcheryakov!, V. A. Mikhaylov!, Yu.V. Mikhaylov®, P.V.Moissenz!, V.V. Myalkovskiy!,
A. P. Nagaytsev!, J. Novy?, I.A.Orlov!, M. Pesek’, D.V. Peshekhonov!, V. D. Peshekhonov'!,

V. A. Polyakov®, Yu.V. Prokofichev!, A.V. Radyushkin', V. K. Rodionov!, N. S. Rossiyskaya!,

A. Rouba'?, A. Rychter!?, V. D. Samoylenko®, A.Sandacz’, I. A. Savin!, O.Yu. Shevchenko!,

S.S. Shimanskiy!, M. Slunechka”.!, V. Slunechkova’.!, J. Soffer'!, G.I.Smirnov!, N. B. Skachkov!,
E. A.Strokovsky!, O.V.Teryaev!, M. Tomasek®, N.D.Topilin!, A.V.Turbabin’, M. Virius®, V.Vrba8,
M.V. Zavertyaev!3, K. Zaremba!®, E.V. Zemlyanichkina!, PN. Zhmurin'4, M. Ziembicki!?,

V. N. Zubets’, I.P. Yudin!



97 Participants representing 16 Institutions:
16University of Michigan, USA
ISCNRS, Lion, France
4Institute for Scintillation Materials, NAS, Kharkov, Ukraine
3Lebedev Physics Institute, Moscow, Russia
IZResearch Institute for Nuclear Problems, Minsk, Belarus
HTemple University, Philadelphia, USA
10Warsaw University of Technology, Institute of Radio electronics, Warsaw, Poland
9National Center for Nuclear Research, Warsaw, Poland
8Technical University, Faculty of Nuclear Science and Physics Engineering, Prague, Czech Rep.
’Charles University, Faculty of Mathematics and Physics, Prague, Czech Republic
¢Institute for High Energy Physics, Protvino, Russia
>Institute for Nuclear Research of Russian Academy of Sciences, Moscow, Russia
“Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine
3Moscow Institute of Physics and Technology, Dolgoprudny, Russia
2Science and Technique Laboratory Zaryad, Novosibirsk, Russia
1Joint Institute for Nuclear Research, Dubna, Russia
Expressed an Interest:
Gomel States University
Moscow States University
St. Petersburg (Gatchina)
ITEP, Moscow
Italy



1. Introduction.

1.1. Basic PDFs of nucleons.

1.2. DIS as a microscope for nucleons. The PDF f,and g,.
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 : o .
f; - density of partons in non-polarized nucleon, (x, 0?); | || i
g, - helicity , longitudinal polarization of quarks in longitudinally
polarized nucleon;
h, - transversity, transverse polarization of quarks in transversely
polarized nucleon ;
f* - Sivers, correlation between the transverse polarization of nucleon
(transverse spin) and the transverse momentum of non-polarized quar
g, - worm-gear-T, correlation between the transverse spin and
the longitudinal quark polarization ;
I, - Boer-Mulders, distribution of the quark transverse momentum
in the non-polarized nucleon ;
h™,, - worm-gear-L, correlation between the longitudinal polarization
of the nucleon (longitudinal spin) and the transverse momentum
of quarks ;
h™,, - pretzelosity, distribution of the transverse momentum of quarks

in the transversely polarized nucleon ;
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Introduction. 1.2. PDFs f,and g,

Measured from Inclusive Deep Inelastic lepton (/)-nucleon (N)
Scattering (IDIS) : / + N=2 [’ +X, nucleon can be polarized .

dz(—y»SeSN d20unp d20pol
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In QCD:
Fy(x, 0%) =¥, &, [q(x. O°) + anti-q(x, 0], g=u. d. s.

o o . PDFs f, (a = g) are determined from the QCD analysis

X of all IDIS data
:
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INTRODUCTION.

1.3. TMD PDFs

Pretzelosity PDF h*,, Worm-gear-L h™=,, Worm-gear-T g, Boer-Mulders h*




2. Physics motivations

2.1. Nucleon spin structure studies using the Drell-Yan
mechanism. (AE)

2.2. New nucleon PDFs and J/¥ production mechanisms. (OSh)
2.3. Direct photons. (AQG)

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

2.5. Spin-dependent effects 1n elastic pp and dd scattering. (OT)

2.6. Spin-dependent reactions in heavy 1on collisions. (OT)

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

Collins-Sloper ﬁlane

!

/Lepton plane
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The Eq. (2.1.2) includes 24 leading twist SFs. Each of them is expressed through a weighted

convolution, C, of corresponding leading twist TMD PDF in the transverse momentum
space,

.. 1 . -
C|:M'(kaT > ka )ﬁ fé:| Eﬁ Zeqz _[dzkaT dzka 52 (QT _kaT _ka )M'(kaT ’ ka ) X

c 9

Gk oy G o)+ o) o, G5 K |

where k. (k, ;) 1s the transverse momentum of quark in the hadron H (H,)
and f, (f,) i1s a TMD PDF of the corresponding hadron.

Expressions for all leading twist SFs of quarks and antiquarks
entering Eq. (2.1.2) are given in the text of Lol. F.e. in

unpolarized case: B 2@]‘(’ X/;/_‘?; )—/_é Z% B
F‘l — , FOOS2¢: al T al "ol 7,17, 1 ,
L=k} c{ VTR
where /i, is the Boer-Mulders PDF for quarks & anti-quarks.
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8 asymmetries to be measured: A, Ayr, Aru > Aup A Arrs Arp Art

A, = =—{(+Dcos2¢A47")
uu 0_1(1)1(3 21 \ vu /)
O_—)O _ G(—O S ) .
Ay =—r——= —| = |Dsm2¢AZ‘“UZ"’
Umt + O-int 272.
0—> 0«
o -0 S, . :
Ay =—5— _ 1Sy lem 204
Gint + Gint 27[
O'TO—O'io |§ | (¢—¢s ) in(34—¢s, ) in($+s, )
sin(d— . sin(3¢— . sin( g+ .
Ay = T T = A W sin(g =, )+ DA sinGg—g, )+ " sing gy ) |
int int
T -c™ |S,, | do) in(3g-gs, ) in(p+s, )
1 — . S| — . sim( @+ .
Ay = o 1o = 21;; [AISJI;( ” 51n(¢_¢5b)+D(AUT v Sm(3¢_¢s,, )+ Ay Sm(¢+¢sb ))}
int int
o +o -0 "-0c" |S. S
Uint + O-int + O-int + o-int 2 T
T ~L ~L T — C05(3¢7¢Sa) _
=6_)+G(_—G_)—G<__|SaT|SbL ACOS(¢_¢S")COS(¢—¢ )+ D L cos(3p— s )
ATL - 1 b - Te T 2 TL Sa cos(p+ds )
O-int + O-int + O-int + O-int 4 +ATL ‘ COS(¢ + ¢Sa )

— 4 <
0 S8l ooy
A= 1 1 Sl aLzﬂ_bT AZOTS( ’ COS(¢_¢S,,)+

(o +0int -|-O'int -I-O'int

AT cos(3p-4.)
+A47™ cos(+ b, )

M W N 9 | S’
__1~ar

—ov— S )
Aﬂzgﬁ +0¢¢ Gu Gw Bl 2||7sz|[‘4;$ Ma%b)oos(w_% _¢~9b)+ﬁ%b%”)cos(¢sb —4)

o, t0,, 0., +0,

DTS co(h, +44 )+ AT con(dg—gh — )
+1401$(2Md+¢5b)008(2¢_¢s0 +¢Sb)+A;;s(2¢+¢sa—¢sb)COS(2¢+¢%a _%b))] 2.1.10)

14



In above expressions: cross section 0?4 with superscripts:

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

0 - for the non-polarized hadrons .

D=sin’ § (1+cos’ 6)
A, :F}}c/ Fy --amplitude of SF modulation

Applying the Fourier analysis to the measured asymmetries,
one can separate each of all ratios 4,=F,/F, entering Eq. 2.1.10.

The large number of independent SFs to be determined from the
polarized DY processes at NICA (24 for 1dentical hadrons in the

initial state) is sufficient to map out all e1ght leading twist
TMD PDFs for quarks and anti-quarks.

15



Physics motivations. 2.3. Direct photons.
A vy wnlarizead and wnalarizad ;7303 )
¢ non-poliariZea ana poiarizea pp (paj

Z
rovide information on the gluon distributions in nucleons

Vertex H corresponds to
q + gbar —y+g or gt+q—y+q hard processes.

One can show that the polarized gluon distribution (Sivers
gluon function) can be extracted from measurement of the

: : T _ gt
transverse single spin asymmetry gy, =2 —2

S of order few %.

Via double spin asymmetry 4,, one can measure
a gluon polarization in the nucleon: < oaf ascppesiceve

Aglar) |2, 6 alan) + Aglas]
g(r1) )q €3 10(22) £ q(22)

A (g =g+ e, | e T

Il 2 1 A 'S i i
0.2 -0.1 -] 6.1 .2
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3. Requirements to the NUCLOTRON-NICA complex. (IS)

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

pp, pd, dd, ppT,pdT, pTo T pTdl, atat.
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, ULLL ,LT and TL (spin flipping for every bunch or group of bunches
should be considered).

Beam energies: p 7}9 7\( \/ =12 +>27 GeV (5 +>12.6 GeV Kkinetic energy),
d7d f( L/SNA) 4 + >13 8 GeV (2 +>5.9 GeV/u 1on kinetic energy).
Asymmetric beam energies should be considered also.

10?2 cm™?s-! (at L/s =27 GeV),
1039 cm2s7! (at \/YNN_ 14 GeV).

Beam luminosities: in the pp mode: L
in the dd mode: L

average

average

> 1
> 1



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 1on physics program .

The second phase should include facilities for the program of spin
physics studies with polarized protons and deuterons.

18



Proton spin dynamics in the Nuclotron ring in the case of a full or
partial snake working synchronously with accelerating cycle

Full Siberian Snake Partial Siberian Snake
Total longitudinal field integral: Total longitudinal field integral:
(B L) o= 21 T-m E, =6 GeV  (BL)  =105Tm (V,~6.8)

o, is angle between polarization and vertical axis

Polarized deuterons acceleration in Nuclotron 1s possible up to the
energy of 5.6 GeV/u



_i---—u- i

Sol /2

I RN (= = TR T

12621

gl Wl

Type of solenoid B L, m BL, T-m
1 | Pulse +4 1.25 -5+:5

2 | Stationary 4 0+36

9
3 | Weak pulse +0.5 0.5 -0.25+0.25




Feasible schemes of manipulations with
polarized protons and deuterons at Nuclotron
and NICA are suggested. The final scheme
will be approved at the later stages of the
project.
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The number of particles reaches a value about 2.2-10'3 in each ring

and the peak luminosity L, =2-10°* cm?s™ at 12.7 GeV.
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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.



HADRON & MUON DETECRORS

VERTEX
DETECTOR,
SILICON

TRACKIG, STRAW & DC

The “almost 4w geometry” 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.
24
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6. Proposed measurements with SPD.
6.1. Estimations of DY and J/¥ production rates. (AN, OSh)
6.2. Estimations of direct photon production rates. (AG)

6.3. Rates in high-p reactions. (SSh)
6.4. Rates 1n elastic pp and dd scattering.
6.5. Feasibility of the spin-dependent reaction studies in heavy 1on collisions.

We propose to perform measurements of asymmetries of the DY pairs production in
collisions of polarized protons and deuterons (Egs.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/'P 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
eITors.
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6.1. Estimations of DY 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. With
these packages we have generated a sample of 100K D-Y events (~ 1
year of data taking) for comparison with expected asymmetries.

Sivers Boer-Mulders

R q
w[sin(¢-¢s)n%.] w{sm(¢+¢SJM—:]

Ayr Ayr
PSP 0.02

0.12 .
- T 0

0.1
-0.02

0.08
-0.04

0.06 0.06

0.04 .0.08

0.02 -0.1

-0.12

-0.02

-0.14




6.2. Estimations of direct photon production rates.

Ayand A4;; could be measured at SPD with statistical accuracy
~0.11% and ~0.18%, respectively, in each of 18 x bins
(-0.9<x,<+0.9).

Vs=24 GeV Tioty | OPya Gevie, | LVEDts/year, Events/year,
L=10x10*, em~'s! | nbarn nbarn 10° 10% (Pr > 4 GeV/e)
All processes 1290 42 3260 105
qg = gy 1080 Jd 2730 8
qq =+ gy 210 9 240 21
/§=26 GeV Tiats | Opy=i Gevjes | Events/year, Events/ vear,
L=12x10", em's' | nbarn nbarn 10° 10% (Pr = 4 GeV/c)
All processes 1440 48 4340 144
79 = @ 1220 38 3680 116
97 = g 240 10 660 28

28




7. Time lines of the Project

The participants of the Lol are planning to submit the document for
discussions at the JINR and outside during the year 2014.

If 1t 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

. The comprehensive program of the nucleon structure study is
suggested. It can be realized at NICA using the polarized
proton and deuteron beams.The text of Lol 1s almost complete.

. It will be updated and finalized after the presentations at
seminars and NTS.

. Presentation of Lol at the JINR PAC on particle physics is
planned for 24-25 June 2014.

. The list of participants 1s open for interested people.

. The draft of Lol is available on request.
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Twist-2 PDFs of nucleons :
f; - density of partons in non-polarized (U) nucleon, (x, Q°);
g, - helicity , longitudinal polarization of quarks in longitudinally
polarized (L) nucleon;
h, - transversity, transverse polarization of quarks in transversely
polarized (T) nucleon ;
f-,7- Sivers , correlation between the transverse polarization of nucleon
(transverse spin) and the transverse momentum of non-polarized quat
g, - worm-gear-T ,correlation between the transverse spin and
the longitudinal quark polarization ;
h™ , - Boer-Mulders , distribution of the quark transverse momentum
in the non-polarized nucleon ;
h™,, - worm-gear-L , correlation between the longitudinal polarization
of the nucleon (longitudinal spin) and the transverse momentum
of quarks ;
h™,, - pretzelosity ,distribution of the transverse momentum of quarks
in the transversely polarized nucleon ;
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Introduction. 1.2. PDFs f,and g,

Measured from o?? separated off o™ in so-called
asymmetries.
81 | The cross sections difference, Ac,, for two opposite
longitudinal target polarizations is given by the expression:

_Jda") ledy|(, vy V) W
AG//_A(dXdQJ_ Q4 |:[1 2 4 jgl 2 g2j|a

connected with the longitudinal asymmetry, 4, defined as

A// o 265" Lo
which, 1n the first approximation, related to g,
A)/D=A;~(g,—y’g)/F =g, /F,

The QPM expression for virtual photon asymmetry A4 :

ool 2¢la' ™4 )
b+l Y elq (9+q' ()

A

&(9=2¢q 09-q ()
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INTRODUCTION. 1.4. Other actual problems of high energy physics
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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 4n. 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?).
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new heavy ion injector
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