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Polarization data has often been the grave-




Spin Physics in White Book.

Polarization effects in heavy ion collisions

The conversion of the huge initial angular momentum available in a heavy ion collision into
the angular momentum carried by dense matter, and possibly by the spins of produced
particles is an extremely interesting problem. Understanding it will undoubtedly allow to
penetrate deeper into the collision dynamics. A number of observables are proposed in this
section — most of them have never been studied before in heavy ion experiments. The
physics issues include the dynamics of the collision, the chiral properties of the produced
medium, and of the possible local violation of P and CP symmetries.

Spin program with polarized beams

The spin program is an important and integral part of the NICA project. Indeed, ever since
the “spin crisis” of 1987, the composition of the nucleon spin in terms of the fundamental
constituents — quarks and gluons - remains in the focus of attention of many physicists.
The highlights of the NICA spin program include measurements of Drell-Yan processes with
longitudinally polarized proton and deuteron beams, spin effects in inclusive and exclusive
production of baryons, light and heavy mesons and direct photons, and studies of helicity
amplitudes and double spin asymmetries in elastic scattering. The SPD detector at NICA
would allow to contribute significantly to the current and planned international program in
spin physics.



NICA Spin Physics in White Book.

Polarization effects in heavy ions collisions at NICA
A. Efremov, O. Teryaev V. Toneev

Spin physics
A. Efremov, A. Nagaytsev, I. Savin,|O. Shevchenko]and O. Teryaev .

Polarization of A° hyperons in nucleus-nucleus collisions at MPD
V. Ladygin, A. Jerusalimov and N. Ladygina

Possible effect of mixed phase and deconfinement upon spin correlations in
the A -antiA pairs generated in relativistic heavy-ion collisions
V.L. Lyuboshitz and V.V. Lyuboshitz



NICA Spin Physics at NICA. Main tasks.

Possible main tasks:

‘Spin crisis’.

Transverse Momentum Distributions (TMDs).
Generalized Parton Distributions (GPDs).
Spin effects in reactions with high p+ .
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NICA Spin Physics at NICA.

Main tasks and measurements.

‘ On spin crisis \ +———r———— | DIRECT PHOTONS (AG)
p SIDIS WITH nt’ (L, L, PDFs)

EXCLUSIVE DY (AG)

| TVDs | DY (PDFs)

| SIDIS J/ (PDFs)
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~ | EXCLUSIVE n° (PDFs)

EXCLUSIVE p, w (PDFs)
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Spin Physics at NICA.
Main tasks and measurements.

Leading twist TMD distribution functions (left) and GPDs (right).
The U,L,T correspond to Unpolarized, Longitudinally polarized and Transversely
polarized nucleons (rows) and quarks (columns)

Nq| UL | T v|iL| T
U | hy U | H Ey
L - hi; L - Er
T | fir r | oy Iy T | | €| # 9

TMD and GPD distributions describe partons with certain polarizations in
nucleons with another polarization state. The diagonal elements of TMD and
GPD tables are the momentum, longitudinal and transverse spin distributions
of partons and after integration over transverse degrees of freedom represent
the well known PDFs related to the leading-twist light-cone wave functions
squared: the momentum (f,(x, k2;)), the helicity (g,(x, k%)) and the transversity
(h; (%, k?;)) distributions. They are the only ones that survive after integration
over the intrinsic transverse momentum k; , and are all needed for a complete

description of the collinear nucleon structure.
6



Main tasks and measurements.

DY studies

DY pairs (muons) were generated by MC method using the PYTHIA 6.4 code. The center
of the coordinate system was put at the beams intersection point (Z=0, the Z axis is

along the beams). The generated reaction is pp - (M-, y+) +X at Vs =24 GeV, which

includes the leading order 2-2 quark level hard scattering sub-processes q anti-q - y* - (
M-, 4+ ). The initial-state radiation (ISR) and final-state radiation (FSR) were switched on.
The GRV 94L parameterization of parton distributions was used.

10°

10t

107

10°

| I_I'_'J-I'Illl

v r"fr'f

Invariant mass distribution

Entries 1000000
Mean 2.344
RMS 1.709

i

Counts/0.1 GeV/c*

1 Jhy

2 4 6 8 10 12
Mass (GeV/c’)
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Main tasks and measurements.
DY studies

The average muon momentum is equal to 2.5 GeV /c for all angles,

1.95 GeVic - for the central angular region (35 - 145 deg.) ,

3.5 GeV/c - for the forward/backward region (3 -35 deg.).

So, the momentum of particles to be measured in SPD is in the range ~ 0.5 - 12 GeVIc.
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Main tasks and measurements.
DY studies

o] [pmememeenoeser 2772 Most of the single muons are within

T scol T the central angular region part of the
M«Nﬂy/ : volume. The minimal and maximal
e opening angles between muons are
2000 20 deg. and 180 deg., respectively.
aocol- These types of angular distributions
: require almost 41t geometry for the
56" 80" ;aa‘;éa‘asa‘;éa;;‘;o O I ORT 'iédo;;}so SPD.
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NICA Main tasks and measurements.

DY studies

Estimations of DY total cross sections and numbers of events

lower cut on ), GeV 20 | 3.1 | 3.5 | 4.0
V5 =20 GeV (L ~0.5-10% cm s 1)
opy total, nb 0.86 | 0.13 | 0.07 | 0.03

N events for a month, 103 | 120 | 18 | 9.7 | 4.6
V5 =22GeV (L~0.7-10% cm2s71)
opy total, nb 1.01 | 0.16 | 0.09 | 0.05
N events for a month, 103 | 200 | 33 18 | 9.0
V5 =24 GeV (L ~1.0-10% cm?s71!)
opy total, nb 1.15 | 0.20 | 0.12 | 0.06
N events for a month, 102 | 300 | 52 30 15

V5 =26 GeV (L ~1.2-10% cm™2s71)

opy total, nb 1.30 | 0.24 | 0.14 | 0.07
N events for a month, 10 | 415 | 77 | 45 24
Possible DY statistics for NICA — p. 4

Mownth - 30 days of data taking
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Main tasks and measurements.
GPD studies

Short remarks: «GPDs studies at NICA with polarized beams» by S.V.Goloskokov

At NICA detector it is proposed to have a fullidentificationof the final particles. In this case it is possible to
detect exclusive reactions like pp —» ppM where M is a some meson state.

At NICA we shall be able to extract hard photon-

proton scattering with hadron recoil W ~ 5-12 GeV -
in the yp system. LH@

At large photon \virtuality Q? the meson

photoproduction amplitude can be presented in a

fa Ctonzed form as a Convolut|on of ha r‘d scattenng Typical lowest order Feynman graphs for the v*g — Vg (left) and v*¢ — V¢
. ) (right) subprocesses of meson electroproduction.

part which can be calculated perturbatively and

Generalized Parton Distributions (GPDs).

In the case of vector meson production M= p, w one can obtain information on GPDs H for gluon, sea and
valence quark distributions. Exploiting transversely polarized proton beam, the information on GPD E can
be obtained.

The J/i production is dominated by gluon fusion. Thus by measuring the A,asymmetry one can the
determined tilda-H effects and Agq.

The transversity effects , which were studied for the first time in the SIDIS reactions, can be investigated
with the pseudoscalar meson M=mr% in the final state to get data on:

- GPDs Hyand E;;

- T11%cross section.




NICA Main tasks and measurements.
JIY studies.

The J/I¥ mesons produced in pp collisions at v s =24 GeV and decayed into the charged
lepton pairs have been simulated by MC with the PYTHIA 6.4 generator for the direct
production mechanism . This mechanism includes the J/¥ production via gluon-gluon,
gluon-quark and quark-quark fusion including production of intermediate states and its
subsequent decays into the J/W. The CTEQ 5L, LO parameterization is used for the PDFs.

E“:]"D':_ Jiy production in pp

J/y production in pp ofl it
s = 24 GeV g | gt

: 3 "--._H |s =24 GeV
W .'? = th 7

- e*

-.'J
o
)

arbitrary units
arbitrary unirs

@
o
L

n
o
o

10°

b

o

_1:_
l

,,,,, 300

10 Loy ,
=0 200 |

100/}

0 2 4 6 8 10 12 0 20 40 60 80 100 120 140 160 180
P, [GeV 7] Angle b the pair of Leptons
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Main tasks and measurements.
Direct photons.

A sample of direct photons produced in pp collisions at Vs=24 GeV has been generated by the MC method
using the PYTHIA 6.4.2 code. The five hard processes with direct photons in the final state were used:
q+g - q+y, q+q- g+y, g+g— g+y, q+q—y+y and g+g - y+y. Relative probabilities of the first two processes
are ~ 85% and 15%, respectively, while the contribution of all others is less than ~ 0.2%. CTEQ 5L is used
for the set of PDFs. No special kinematic cuts are applied.

The right part of this Figure shows the corresponding plot for minimum bias photons (mainly from 1°
decay). The MC simulations show that for p ; > 4 GeV signal-to-background ratio is about 5% that is in
good agreement with the data of the UA6 exneriment for non-pbolarized protons at Vs =24.3 GeV.

12

E, GeV
E,, GeV

k>4 GeV

g - i . left - direct photons,
i =30 right - minimum bias
photons.

_____

o ol Rl e e e R A e 80 90
10 20 30 40 50 60 70 80 90 0, deg
0, deg

For the effective registration and identification of direct photons, SPD should have:

* an electromagnetic calorimeter (ECAL)

« a tracking system capable to distinguish between clusters from neutral and charged particles in ECAL.
It also should be capable to reconstruct the beam intersection point;

« a trigger system should include ECAL. Since for asymmetry measurements quite energetic photons
are needed only, for the main trigger one can require an energy of above 2-3 GeV deposited in any cell of
ECAL;

« a DAQ system with a bandwidth up to 100 kHz;

e a luminosity monitor. 13




Main tasks and measurements.
High p; studies

Many final state probes are studied at RICH: Jets, t° , t* , n, Direct photons etc.
Large transverse Single Spin Asymmetries found at low energies and
the effect do not disappear with energy growth

» Large single spin transverse spin (~40%) }Qﬁ
found at low energies O——"
- soft physics effect. . ,é ’K
- Generated theoretical work to find mechanism | ~ richt
— Initial (Siver's) and Final (Collin’s) state effects o
ANL BNL FNAL RHIC
Vs=4.9 GeV Vs=6.6 GeV Vs=19.4 GeV  Vs=62.4 GeV
60 PRL 36, 929 (1976) 60 PRD 65, 092008 (2002) 0 PLB 261, 201 (1991) 60 PRL 101, 042001 (2008)
Y ’ a0 §+ a0k PLB 264, 462 (1991) + 40| BRAHMS
+ d ® ]
’\520‘;71%- b.. 20F .' 20F .00 20 o?
i’z Of=mmmmene LA Of------- [ YR— o»—-—éé ——————————— o-—--o-g ——————————
20 ‘} 20 oo 20 f o o 20} o
40 40} é{) 40} ¢+ 40} © {)
b 0i2 I 0j4 l 016 I 018 I 1 TS OI.2 l 014 I 0i6 I 018 I 1 S OI.Z I 0f4 I 0‘.6 I 018 I 1 o 0i2 ‘ 014 I 0:6 I 0|.8 I 1

xF = 2[)l()ng /‘\/;

K.Boyle, Spin Ph Hsics at RHIC, ERQLD 2011
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Main tasks and measurements.
High p; studies

More transverse spin results (surprises)

200 GeV 62.4 GeV 0.2r
< [ BRAHMS Preliminary :57| 2 , ”* p+p — J/y+X at\'s = 200 GeV
& L AT - e (si i o
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K.Boyle, Spin Physics at RHIC, EQCD 2011

See talks by S.Shimansky and A.Krisch givnhe in SPIN-2012, Dubna
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NIC A Main tasks and measurements.

Rates.

I TTTI I T 1T T 1 TTTI T T T I TTTT I T T I TTTI I TTTHI 1T T At NICA IuminOSity (~ 2 10 30 Sm-z S-l)
e A S : pp interaction rate is of about 80 K per

- second (with elastic processes
= contribution around 15 K).
- Charged 13.5
particles
Neutral 22.5
particles
- T+ 4.6
107 1 10 10° 10° 10 105‘ "‘”';'06‘ """‘107‘ """108' o z_ 3.9
Vs GeV ' 7[0 4.8
1.9 2 10 107 10° | ;o“ | K+ 0.4
K- 0.3
KO 0.7

The main task of the trigger system is to provide identification the reactions with:
two muons in the final state;

svarious types of hadrons ( t+/-, K, p, ...);
sphotons (n°, w, n..);
selastic scattering.

Different triggers should run in parallel to collect data for several physics processes
simultaneously and for calibration as well.

16



Possible layout of the SPD.

TpeGyemble XapaKTEPUCTUKN IKCNEPUMEHTA/IbHOW YCTAHOBKM :
- reomeTpus 6amn3sKas K 41t ;
BbICOKOTOUYHbIW (nyywe 50 vKkv) U ObICTPbIW BEPLUNHHbLIU AETEKTOP ;
TpekoBas cuctema, ooecneumBarollas BbICOKYI TOYHOCTb
(nyuywe 200 MKM) NO TPEKY,
- CKOpOCTb c6opa AaHHbIX AnAa cBeTumoctn > 1032,
- MUHMMYM MaTepuana;
- M3MepeHue HeilTpanbHbIX (Tt°) BTOPUUHbIX YacTuL;
- NpeHTudhnkauua 3apsikeHHbIX YacTul, ¢ 3(pheKTUBHOCTbIO
onuskou K 100%:
- ObICTpas U coBpeMeHHas TpUrrepHasa cuctema,;
MOOY/NbHOCTb U AOCTYNMHOCTb K 3/IeMEeHTaM YCTaHOBKMU,
UYTO NO3BOMNT MOAEPHU3NPOBATb, AONO/HATbL U UBMEHATb AETEKTOPbI
ANA BbINOMHEHNA HOBbIX UCCief0BaHUMN.

17



NICA Possible layout of the SPD. Magnet &9

There are two options: toroid or solenoid.

The magnet part of SPD, usually called “barrel”, contains inside a vertex detector,
tracking detecjors and electromagnetic calorimeters (ECAL). Outside of the barrel one
needs to hav¢g muon and hadron detectors. The end-cap part of SPD could contain a
tracking, ECAL, and muon range systems.

SOLENOID:
The solenoid SPD version could have almost 100% azimuthal acceptance, which is
important, for example, for detection of some exclusive reactions. Disadvantage of the
solenoid option is a 40 presence of the magnetic field in the beam pipe region. This field
will disturb beam particle trajectories and change polarization. Screening of this field
should be studied. 18



NICA Possible layout of the SPD. Magnet.

KOHCTPYKUUA mMarHuta gomkHa oGecrneyuTb akcenTaHc
YyCTaHOBKM He MeHee 85 %, u uHTerpas nona He mMeHee
1.5 TM. BaXHbIM CBOWCTBOM TOPOUAA/ILHOrNO MarHuTa
ABNAAETCA OTCYTCTBUE BJ/IUSAHUA NO My4YKU Konnaipgepa,
UTO nNO3BO/IAeT UMEeTb LWNPOKMEe BO3MOXHOCTM MO
MCNOJ/Ib30BAHUIO Pa3/INYHbIX CMUHOBbLIX COCTOSAHWUIA
Ny4yKOB.

B[teslal

1.1696e+008
1.@965e+000
1.023%e+000
9.5028e-001

8.7718e-001
8.0499e-001
7.3099-001
6.5790e-001

5. 8480e-001
5.1171e-001
4. 3861e-081

3.6552e-081

2.9243e-001
2,1933e-001
1.4624e-081
7.3141e-002
4. 6550e-005

0 e 1e~00; 2€+003 (mim)——___
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asse
Y
r
P A0

19



NICA Possible layout of the SPD. Magnet. &

SPD Toroid Magnet (preliminary)

PAX Toroid Magnet

- 8 coils
*~100 x 60 cm coils

» average integrated
field: ~1.0-1.5 Tm

e acceptance -~ 80-85 %

0 : \
1 4$7E00709E:04 oETSTITRAOTSST 17512810805 O\ HF
- ) OPERA
—_— f #1 : - OPERA

* 800 x 600 mm coils
e 3 x 50 mm section (1450 A/mm?)

e average integrated field: 0.6 Tm

* free acceptance > 80 %
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NICA Possible layout of the SPD.

YcTaHOBKa MOXET COCTOSAATb U3 3-X OCHOBHbIX YacTell: 6appenbHOl U ABYX TOpLEBbIX.

AnnHa yctTaHOBKU — OKOJ/10 6 M, AnameTp — A0 4 Mm.

- 45' -

Range System -

EM Calorimeter

Coordinate Detector : - !

Silicon Vertex
Detector

v

Torroid Magnet
System

Moka3aHbl OCHOBHbIE A,EeTEKTOPbl YCTAHOBKM:
KpaCHbIM — TOPPOUAATbHbIA MarHur,

XeNnTbIM — 3/1eKTPOMarHUTHbI KanopumeTp,
MIOOHHasA cuctema - BblgesieHa CUHUM LBETOM.

21



NICA Possible layout of the SPD.

TpekoBble AeTEKTOPbl MOryT ObiTb CO3AaHbl U3 CEeAYIOLWNX 3/IEMEHTOB:

- BEPLUUHHbIN OETEKTOP - HECKOJIbKO KOOPAUHATHbIX KpeMHNEBbIX C/I0EB C paspeLlleHnem
nopsgka 30 MKM;

- UEHTPa/IbHbIN N TOPLEBbIE TPEKOBbIE AETEKTOPbl — HECKO/LKO FPynn C/10€B TOHKUX CTPOY

TPYyOOK;

- AOMONMHUTENbHO MOXHO UCMOMb30BaTbh NPOCTPAHCTBO MeXAY OOMOTKaMn TOPOU[aJIbHOTO
MarHuta gns gpeiicoBbixX Kamep. PaspelueHue no Tpeky ~ 300 MKm

TpurrepHble AeTEeKTOPbl MOIYT COCTOATb U3:

- CUTHaNbl OT 3NEeKTPOMArHMTHOro Kanopumertpa (wawnbik — Kak ansa KOMIMACC);
- CUMHTUNNALNOHHBbIE N/TACTUHDbI.

Heob6xoanmo opraHnsoBatb pas/iMuHble TUMbl TPUITEPOB.

Ana nageHtudmkaumm yacTumul:

- BpemMsA-nponeTHas cuctema ms - RPC nnockocrei;
- 9/IEKTPOMArHUTHbI KaNnopumeTp;

- MIOOHHAas cucTema.
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NICA Polarimetry at Linac, Nuclotron and NICA.

Requirements to the polarization monitoring and measurements at NICA are the following:
- polarimeters should be installed after Linac, inside the Nuclotron ring,

at the beam transportation line to the collider and in both rings of the collider;
- evaluation of the polarization should be at the standard level for deuterons and protons;
- absolute calibration of the beam polarization should be possible;
- optimal use of the same experimental equipment at different places is desirable;

- permanent monitoring of the beam polarization.

The dp elastic scattering at large angles (> 60 deg. in CM system) is often used for the deuteron beam
polarization measurements in the energy range 200-2000 MeV. Analyzing powers of this reaction have

large values and were measured with high accuracy.

el de e vl B

The system of such measurements is designed at the
LHEP in the framework of the project DSS (Deuteron
Spin Structure).

The proton beam polarization measurement in
the energy range of NICA can be done using
pC (proton-carbon) and CNI (Coulomb-Nuclear

Interference) polarimeters. Since the hadronic

spin-flip part of the amplitude at NICA energies
is not negligible, CNI polarimeter is not an
absolute one. To improve the systematic errors
and to calibrate it, the polarimeter based on
polarized pp elastic scattering can be
designed. The place for polarized jet target is
reserved at the collider.

From talks and contributons from V. Ladygin
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Outlook.

Proposed measurements using the specialized Spin Physics Detector (SPD)
can provide an access to all leading twist collinear GPDs and TMDs of
quarks and anti-quarks in nucleons.

The set of these measurements permits to tests the quark-parton model of
nucleons at the QCD twist-2 level with minimal systematic errors.

One is also could contribute in «spin crisis» solving.

24



Backup slides
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Spin Physics at NICA.
Main tasks and measurements.

O How do we probe the structure and dynamics of matter in ep vs. pp scattering?

Jet 1

do-r:p o F2 - Zﬁeﬁfq(f)

"]

p
P 3 g % ¥ Univer'sali’ry\
d h . ,
Opp X f1 R fo@on ® Df Factorization

\

& Jet 2

_ [ f(a) = Af(z) = )
I S
E3 9
A - & it
| @ Fre =@
L As O Current status:
5
© Spin sum rule: ' \ O Data only from fixed-target experiments (Limited
1
5 = (Sq) 4 (Sg) i (Lq) + <Lg> reach in x and Q?) mostly at lower energy
Y O Quark spin contribution is small (~25%):
AG

(R.L. Jaffe and A. Manohar, Nucl. Phys. B337, 509 (1990))
AY = Au+ At + Ad + Ad + As + A5

1 1
Agi(Q?) = L Ag;(z,Q%)dx AG(Q?) = Ag(z,Q?)dx

JO

N . 1
AY = 0.242 (Q? = 10GeV?) S ABE0.121

(D. deFlonan et al., Phys. Rev. D80, 034030 (2009))

O Ag - from scaling violations - unconstrained so farl



NICA Spin Physics at NICA.

Main tasks and measurements.

Wigner distributions \ €0)~

)( I. ]-‘-:T 1—).7_‘) _: TI.]I]S\‘GISP momentum : . e(EJ)g
gL 6T TMD #r Semi-Inclusive DIS

5-D correlations

Irapsverse

o ;N [l GPD
Longitudinal 'w /\ h

N (target)

Drell-Yan process

N1 p (beam)
,,' .
e 03
/ (x5, Q%) e

from A. Bacchetta, 2014

Transversity Momentum Distributions: TMD (x,k;):

probe the transverse parton momentum dependence
. (x+&)P (x-§)P
Deeply Virtual é
Generalized Parton Distributions : GPD (x,bq): Compton
probe the transverse parton distance dependence Scattering — * =
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NICA Main tasks and measurements.

DY studies
H.(P,,S.)+H (P,,S,) — I(1,A)+I*(I',A’)+X

e Transversity: .~l';f¥""" "5 x hy @ Hit

e Sivers: Agr %) o fir @ Dy

h—@8)

, SEEPYR, WA P nkrh) sin( 30 ) 1 : 1
o Pretzelosity: A, - x hi7 @ H;

e Boer-Mulders: ,41',".',7‘2"-"" x h;- ® Hy

o Worm-Gears: A7y ) o hiy @ Hi-; Apr %% « gi+ ® Dy
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NICA Main tasks and measurements.

DY studies

Extraction of unknown (poor known) parton distribution functions (PDFs):

p(D)p(D) — ¥y’ X >I'I"X  Boer-MuldersPDF
PT(DT)P(D) >y X-oI'TX (?Eif\:grnﬁgv?.ﬁsPLB 612 (2005), PRD 73(2006));
pT(DT)pT(DT) —);/*X—)Z+Z_X Transversity PDF (Anselmino, Efremov, ...)

Waal * +7- : ;
D DY v X ' X Transversity and first moment of
p ( )P( ) }/ Boer-MuIde¥'s PFDs

p(D)p(D) —)}’*X >I'TX },slaigsggi(ggb;?evchenkos Nagaytsev , Ivanoyv,
EPJ C46 ,2006 C59, 2009)

—> «— ¥ +7- PR .
l ) . l )‘ Longitudinally polarized sea and strange
p ( )p ( )—)7 X_)l l X FI_DF% and ’;enggr deuteron structure g
eryaev, ...

hi (z, kr) - —hi (z, kT)‘DY Crucial test of our understanding of T-odd effects within
QCD and the factorization approach to the processes
fir(z, kT)‘SIDIS = — fir(=, kT)]DY sensitive to transverse parton momenta.

29



NICA Main tasks and measurements.

JIY studies.

The correlation between lepton polar angles is also studied.

Most of the lepton pairs (61%) are within the 35-145 deg. angular interval;

in 35% of pairs one lepton could be found in the 35-145 deg. angular interval
whereas the other - in the 3- 35 deg. interval.

About 3% of leptons could be registered in the forward and backward 3-35 deg. Angular
intervals.

These types of angular distributions require almost 41t geometry for SPD.

J/y production in pp I's = 24 GeV

120 140 160
The polar angle 0,
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Main tasks and measurements.
JIY studies.

The Feynman variable, x F , and the transverse momentum,p T,
of directly produced J/¥ mesons .

£ J/y productioninpp J/y production in pp
£ Is = 24 GeV s . =
E. 10° : . . ; 10° | is =24 GeV
g T “— § } Lli
HE .. e+ -g ) ei_
10 / | 10°E
10_ 10;
1 1E
= =i T e i [JESP S Py g |{SY SNYY ) TSRS | | | | SN CRET USSTY YRR (RS Qe TR
-1 08 06 04 02 0 02 04 06 08 1 0 2 4 0 8 p (.l/\;:}ol(,‘e[-/c/12
x i )
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V.A.Matveev, R.M.Muradian, A.N.Tavkhelidze,
JINR P2-4543, JINR Dubna 1969;SLAC-TRANS-0098 JINR R2-4543,Jun 1969
S.D.Drell. T.M.Yan SLAC-PUB-0755. lun 1970. Phvs.Rev.Lett. 25 (1970)

]

Ty = Ty = 52—~ fractions of the
P29

2p1q°
longitudinal momentum of the hadrons A and B carried

by the quark and antiquark which annihilate into virtual

photon
® 5= (p1 +p2)? ~ 2p1p> - the center of mass
energy squared
Q*=M?2>~z1298=7Ts
— 3 z
y— 5In ;t

TF = T1 — X2
7 ‘/x%+‘lr+.rp

; -0 I] - 5 — \/;ey
¢ v 22 +4r—zp
- 2 9 = E 5 ! = J1e Y
/ lepton plane (cm)
® 0 - production angle in the dilepton rest frame — polar
I 2z W2
\0 angle of the lepton pair in the dilepton rest frame
'—
7 \e ® ¢ - azimuthal angle of lepton pair
p— \h
q ® (s - azimuthal angle of the hadron polarization mea-

sured with respect to lepton plane




NICA Collider Luminosity in pp Collisions

100 100

10 ﬁlﬁﬁgm
hiE N
0.1;=k=1==-=:u.1

Vi
i
1

0.01 101
3 3 1 9 11 lg

E;
2 —1_

Energy in GeV. Luminosity in 103 cm™2s

(from A.D.Kovalenko’s talk)

Possible DY statistics for NICA — p. 2
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NICA Possible layout of SPD. Magnet.
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The main requirements to the NICA polarized beam can be summarized as follows:

1.
2.
3.
4,
5. To minimize the syste_matl

8.

o.

The luminosity at level of 103%0- 1032cm1s?,

for wide energy beams range 5 -12 GeV for proton.

At injection it is necessary to provide, that the direction a spin coincided with a vector

direction a spin precession in rings.

To control on the beams polarization the special locations of polarimeters are necessary,

it can be set-ups with gas polarized target (or jet target).

To safe beams polarization at lon it is necessary to install the "the Siberian shakesn».
certainties for asymmetry measurements it is necessary to
provide the spm ro -that will demand inserts similar to item 4 and number of the
superperio accelerator up to grater than 4.

. To provide various spin orientations it is necessary, to equip IP with duplicators (including

combinations longitudinal-transersel polarization).

. To provide of polarized nn and np-collisions, it is necessary to install the stations of

stripping protons (probably and neutrons) at the rings. Fixed target experiment.

It is necessary to create the system of luminosity measurements with relative

accuracy ~ 1% . Using SPD ?

The injection system should provide possibility to form the sequence of injection cycles with
different spin states ( longitudinal, transverse, non polarized).

10.To provide the tenzor polarized deuteron beams and corresponding possibility to operate spin

orientation .

11. It is necessary to provide the collisions of polarized beams with different kind of particles:

protons-deuteron, protons-helium, deuteron-helium at different energies.
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SPD EXPERIMENT AT NICA.
SPD
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JOINT INSTITUTE

SPD EXPERIMENT AT NICA.

SPD.Torrid magwet.

FOR NUCLEAR
RESEARCH

* 8 coils
*~100 x 40 cm coils

» average integrated field: ~
0.8-1.0Tm

e acceptance ~ 80 %

055453
046211
0.36969
027727
0.18485

0.092431 Y
1.1895e-5 Min %
FJ! 1

L S— ! 0.000 0.700(m) Y. z
0.000 0.800 (m) Y, .
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0.000 0.600 {m)
— .
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JOINT INSTITUTE

SPD EXPERIMENT AT NICA.

SPD.Vertex detector and DC.

FOR NUCLEAR
RESEARCH

Several layers of double sided Silicon strips
can provide a precise vertex reconstruction and
tracking of the particles before they reach the
magnet.

The design should use a small number of
silicon layers to minimize the radiation length
of the tracking material.

With a pitch of 50-100 pm it is possible to reach
an spatial resolution of 20-30 pm.

Spatial resolution would be provide 50-80 pm
for precision of the vertex reconstruction, and
permits to reject the secondary decays of
mesons into leptons.

Silicon
The coordinate resolution of 150-200 pm can
be achieved with conventional Drift Chambers.
The chambers can be assembled as modules
consisting of several pairs of tracking planes
with wires at 30 ; 0 ; 0 ; +30 deg. with respect to
the direction parallel to the magnetic field lines.
This can provide the momentum resolution of
the order of 13 % over the kinematic range of
the detector.
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SPD EXPERIMENT AT NICA.

JOINT INSTITUTE

SPP.RAngE System.

FOR NUCLEAR
RESEARCH

The system of MDT layers with Fe
layers called by Range System (RS) is
used in SPD as moun detector and main
element of Particle Identification

System.
/ It can provide the clean (>95%) muon
vmmmmmm—————— identification for muon momenta grater
bk kb T than 1 GeV.
A (o) The combination of responses from EM
A T A calorimeter and RS can be used for the

identification of pions and protons in
the wide energy range.
RS provides good coordinate accuracy.

MDT cross-section

Al profile . 0.6mm

Plots are from “ Muon TDR for PANDA ”,

Spacer /" Noryi seeve . -10mm PANDA Collab., November 2011
) |97 (S S (59 |
ﬂ ,,U, U ~U, U l \“/ l U \1},
m— f V.Abazov et al.,
L el

anode wire (Gold plated tungsten , 0.05 mm )

Instrum.Exp.Tech.53:648-652,2010,
Prib.Tekh.Eksp.5:32-36,2010.

DLNP group, leader G.Alexeev
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JOINT INSTITUTE

SPD EXPERIMENT AT NICA.

SPP.RaAngE System.

FOR NUCLEAR
RESEARCH

The Range System consists of
two parts:
Barvel and two End CUPS.

The preliminary sizes of RS are
as follows:

about 6.2 m along beam line and
3. F wm ln diameter.

The RS designed with consists
of 4140 MDT units for barell,
2x1200 units for End-cups.

Total: 6540 ch.
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SPD EXPERIMENT AT NICA.

JOINT INSTITUTE

SPP.RAngE System.

FOR NUCLEAR
RESEARCH

a a
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‘ 12000}~
il :
// ,“‘ i'm:-
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)

Plots are from “ Muon TDR for PANDA ”, PANDA Collab., November 2011
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SPD EXPERIMENT AT NICA.

JOINT INSTITUTE

SPP.RAngE System.

FOR NUCLEAR
RESEARCH
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JOINT INSTITUTE

SPD EXPERIMENT AT NICA.

SPD.EMCLC.
iii!iiiiiliiiiiiiiijiiiﬁilmﬁi!ii!lﬂmi!!i{iﬁﬁﬂﬂimilji'i"qn!m A -
\i" iii il I|u||||iln|ﬁ|[l|||m ||||u iﬁlml"iliili'ﬁnnlh I\ i iiili' i iiiiiilii]luﬁqﬁﬁ ii “ii ||||||||
) \II \||||| III\ PR ATR IV TR T
- ‘,}WWWMW%HMWWW?N%HWNMWMWQWH - wm%mmmmm
f i | 1 i
e
1111 IR II\ 0 EORUERTE R R ||||||
e
e ’ﬂMMWW@%WWWWWM!MWJHMWWMﬁWﬁWMW
Technology Shashlyk [
Scintillator Polystyrene Kharkov
Absorber Lead
Number of layers 109 Module:
Sc | Pb plates thickness, 1.5/0.8 L
mm - size is 12x12 cm?
Pb/Sc plates dimension,cm | 12.0x12.0 . .
- 9 cells, size is 4x4 cm?
Moliere radius, cm 35
Radiation length, cm 1,64 - 9 MSADC channels
Number of tower 9

Fiber

BICRON BCF91AMC d=1.2 mm

Number of fibers per tower

16

Diam. of bundle, mm

6.5

Light guide Winston cone glued to photodetector
Photodetector MAPD -Zecotek

Total thickness, cm 25.2(~15X0)

ADC MSADC

Thermostabilization Peltier cooler

- Temperature stabilization system

( Peltier element, electronics)

- 9 Amplifiers

- 9 light collection system

- Control system (LED, Laser)

- Power supply
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SPIN PHYSICS AT NICA.

SPD.EMC.

FOR NUCLEAR
RESEARCH

- The calorimeter consists of “"shashlyk"

modules with the application of new readout
based on AMPD technology.

i

- The module design is defined with R&D
performed in COMPASS.

N

- The calorimeter will be used for the
- triggering of DY electrons.

- There are three parts of EM:
barrel and two end-caps with
4384 of 9th towers modules (39465 ch.)

Module production in ISMA, Kharkov
MAPDs from Zicotek

Assembling and testing in JINR
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JOINT INSTITUTE

SPIN PHYSICS AT NICA.
SPD. Trigger system.

Trigger logic could have two-level structure.

Dedicated hardware processors may be used at Level 1 which
receives signals from the scintillation hodoscopes, EM calorimeter
and the Range System. Using FPGA technology and look-up
memories it is possible to organize flexible and efficient triggering.

Local and total energy deposit in the calorimeter, multiplicity in the
hodoscopes and information from the range system provide primary
event selection.

At Level 2 more time consuming operations could be done. These
include search for tracks in the Drift Chambers and the Range
System, check of track matching with EM calorimeter hits etc.

Information from the silicon detectors could also be employed (if
needed) at this stage.
Simulations of physics processes with use of real geometry,
detector granularity and resolutions are planned in order to develop
trigger scheme and selection algorithms.

(prepared by A.Kulikov)
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SPIN PHYSICS AT NICA.
SPD.MC studlies. NICA

Simulation of MMT-DY in SPD

- for pp beams with E=12.6 GeV;,
- pure MMT-DY events;

- PYTHIA generator was used;

- VC, DC, EMC,RS have to be




JOINT INSTITUTE

FOR NUCLEAR
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|#Etficiency as a function of Q, MVD r=100mm, No Coil} h17.

Q, 0>1, MVD 1=100mm, No Coll |

SPIN PHYSICS AT NICA.
SPD.MC studlies.

TEffclency as a function of Q, MVD r=150mm, No Coll_|
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Geometrical effciencies for MMT-DY events with two various position of Vertex detector:
- left plots are at 10 cm from beam line;
- right plots are at 15 cm from beam line.

Total efficiencies are ~ 0.6 - 0.7

MC studies by Rodionov V., Macharashvill G. and Mesheheryakov G.




SPD EXPERIMENT AT NICA

JOINT INSTITUTE

SPD.Local Polarimetry.

Main requireMhe tracking system placed in the
forward direction.

FOR NUCLEAR
RESEARCH

Proton-proton elastic scattering at forward angles.

- The fast scattered proton at small angles can be
detected by the wall of the scintillation counters
placed in front of the electromagnetic calorimeter.

- The recoil proton can be detected by the inner
silicon tracker and barrel TOF system placed out of
the magnetic field.

- Due to 8 sectors structure of the SPD one can
easily organize the trigger for «pp- elastic
scattering» events because of comlanarity
condition.

Inclusive charged pion production also can be
used for the local polarimetry purpose.

Three stations of silicon detectors can be installed

in front of the drift chambers in each endcup parts of

For Local PoLarimetrg the SPD.

Local polarimetry also can be provided by the
measurements of the inclusive neutral pion
production.

Pronosals were nrenared bv | advafhS/



FOR NUCLEAR
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JOINT INSTITUTE

Table 1: List of the present and future DY experiments in the world.

DY experiments in the world.

NICA

Experiment CERN, FAIR, FNAL. SPAS- RHIC, RHIC, NICA.
COMP.-II PANDA E-906 CHARM  STAR PHENIX SPD
mode FixTar FixTar | FixTar FixTar collider collider collider
Beamftarget -, p anti-p,p | n-, p s, pol.p pp rp pp, pd.dd
Polarization:b/t 0, 08 0, 0 0; 0 0; 0.5 0.5 0.5 0.9
Luminosity 2107 | 2:107 3.5107 510" 5-10™ 10
Vs, GeV 19 6 16 8 200,500 | 200,500 | 10-26
X [ibeam) Tange 0.1-0.9 0.1-0.6 0.1-0.9 0.1-0.3 0.03-1.0 0.03-1.0 0.1-0.8
qrn, GeV 0.5-4.0 0.5-1.5 | 0.5-3.0 1.0 -10.0 1.0-10.0 | 0.5-6.0
Lepton pairs, -+ H-p+ H-p+ -+ Jj-pt H-p+, ete-
Data taking 2014 >2018 2013 >2016 >2016 >2018
Transversity NO NO NO YES YES YES
Boer-Mulders YES YES YES YES YES YES
Sivers YES YES YES YES YES YES
Pretzelosity YES (7) NO NO NO YES YES
Worm Gear YES (7) NO NO NO NO YES
Y YES YES NO NO NO YES
Flavour separ. NO NO YES NO NO YES
Direct y NO NO NO YES YES YES
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