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NICA and other facilities
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The SPD experiment

Primary physics goal - proton and deuteron spin- 10° ¢ ] I ——
dependent gluon structure. = ceme 6 COMPASS-OC L
- aSMC o STAR-W®  [_] AFTER =
GLUONS |, 0larized | circular linear | oSMClowx * STAR-jets N |
U f& e 103?IE143 « PHENIX-jets *{ . E
LA S ! & [ eE154 B NICASPD Y % .
L (&) hf % T xE155 EIC
T f;;g glgr hlgr’ hlJ;'g g - *COMPASS-D
"' 702 YCOMPASS-P
Acta Phys.Polon.B 46 (2015) E ; HERMESS?
. . - aHERMES
Theoretical paper arXiv:2011.15005 (accepted to PNPP) T p
(many thanks to all contributors!) -
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Spin Physics Detector

6 s.c. coils: field up to 1T Components

ECal ECal Endcap

Vertex detector (VD): DSSD (5 layers) Straw tracker (ST):
or MAPS (3 layers) + DSSD(2 layers) 0~150 um
G, <50 um, o,< 100 um de/dx

PID Endcap

Magnet system

Beam pipe

Particle identification (PID)

TOF: plastic scintillators or MRPC
o <70ps

Aerogel counters

ST Endcap

RS Endcap

Sampling Ecal: Range System (RS):

0./E = 5%/VE®2% muon identification
and coarse hadron
calorimetry

SPD advantages: 41t detector, open spectrometer

(possibility to study not only J/), high statistics
SPD CDR: arXiv:2102.00442
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Status of the NICA SPD project
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e Positive feedback from JINR PAC in
January 2021

e« DAC and the collaboration are
being formed

e CDR published (arXiv:2102.00442)
e TDR is expected this year

Camera 01
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Charmonia production as a probe of gluon TMD PDFs

Gluon TMD PDFs

Charmonia production

e dominated by gluon-gluon fusion GLUONS unpolarized | circular linear
« high cross-section U Y @
e J/P can be easily reconstructed from the p*u decay, s :
B(2S) and x_, can be reconstructed based on this decay L ®., it
\CLL ) 1L
« hadronization of cc pair is not well understood T S = K
theoretically: Jir' e h, byt
- CSM Acta Phys.Polon.B 46 (2015)
- Color Evaporation Model
- NRQCD Some probes with charmonia production:
e TMD factorization may be violated o 2 X XX 2)/UX J/PyX...

« 1n_might be the best probe, but its observation is
challenging experimentally

o the J/Y signal is “contaminated” by feed-down * Gluon polarization (p~p?): J/YX, ...
contributions « Boer-Mulders function: n X, x X, 2J/yX, J/PyX, ...

« Sivers function (pTp): J/UX, XX nX, ...
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Charmonia production at SPD

» High statistics: 12 million inclusive J/y(—=uw) events per
year

» Strategy is to obtain all possible measurements in the wide
kinematic range

e Constrain both theoretical approaches and PDFs
« Our p_are mostly below M,

e LDME — shape functions (Echevarria,2019)?
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Reconstruction of J/y = p*u at SPD

Muon/pion separation will be based
oS0 s ON1 patterns in RS (standard I
7 algorithms + ML).

35 mm - gaps for detectors

e
t

A\

somm/re Background

e pion decay muons

e Pions passing significant distance
in RS

e Combination

MB events simulated with Pythia6 i

and Pythia8. Inclusive J/ - Pythia8 | -

For the results below: | o

. E,=27GeV,t=10s -

e muon candidate must pass more o -
than 3\ ]

1

] -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1 0
cosé .

 additional cuts on polar angle
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Inclusive J/J measurements

o Statistics: ~4.6 M (selected events) 15
per year 1000

e Large background

e Errors are estimated using the LSM

os | PRA
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A for inclusive J/{ production

100

g(¢p) x 1+ P - Ansin(¢por — @)

Here and in the following P ~ 0.7

and is constant during the run.

1L
Probes fljg. For GPM (JHEP09(2015)119):
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For CGI GPM see PRD99, 036013 (2019)
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A for inclusive J/{ production

« GPM predictions for SIDIS1 and d’Alesio PDFs (see talk by A. Karpishkov)

« for CGlI GPM asymmetry is smaller (see talk by A. Karpishkov)

« statistical errors given assuming a single polarized beam

« 3different cuts on |cosB| are shown

e SPD measurements in wide kinematic range should probe/constrain GSF and discriminate theoretical
approaches to charmonia production

Maximized A for SPD, GPM and CGlI GPM

arXiv:2008.07232
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A , for inclusive J/{ production
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A , for inclusive J/Y production at SPD

0.4 \,“ T T T T
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At SPD both Ag(x,) and Ag(x,) are expected to be close to the maximum
A measurable A | of the order of 1-10% can be expected
The measurements should constrain Ag and J/y production models

Projected statistical uncertainties for SPD
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On measurements of x_,x_ = vJ/Y

X, Production at low energy experiments (table extracts from PRD79,012001 (2009))

From HERA-B (Phys. Rev. D 79, 012001)

12000}

10000

Exp. beam/  /(s) Ny Ny. Rx. Z(t;) o(xe1) o (xe2) % 8000
target GeV (nb/n) (nb/n) L 6000

ISR [6] pp <5 > 658 3111 043021 = 4000}

R702(7]  pp 524627 975 0.15+019 2000}

ISR(§  pp 62 0.47(8) B e B e
B610 9  pBe 194217 157417 |118+54 047(23)  024(28)  39(49)  162(81) i ]
E705 [10]  pLi 238 6090+90 | 250+35|  0.30(4)  0.09(29)(17) 24(48)(2)  244(83)(16) 2 ool |
ET7L[12]  pSi 388 11600£139) 66 | 076(29)(16) 0.61(24)(4) 488(128)(56) 85(231)(92) G o00f

HERA-B (14 pCTi 416 44204100 | 370+ 74| 0.32(6)(4) 2
CDF [LU.13]  pp 1800 (50  (ail 0207(17)(57) L19(33)(14) 0l
: it
Also HERA-B PRD79,012001 (2009): 15000 x,, events 2051021030405 0607 0805 1
M (GeV/c )
Ri2
_ a(xa1)B(o(xe1)=7J¥) C 1.06 = 0.21s: £ 0.375y5 Both the feed-down contribution and relative

12 = : : o .
o(xc2)B(o(xc2)—=vJY) Ti 0.67 + 0.675¢ + 0.234y5 contributions of x_, and x_, are important for
W 0.98+0.36, £ 0.34,y, validation of theoretical models!
TOt 102 :l: 0.1751 :i: O.363y3
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On measurements of X, X, vJ/Y at SPD

Ecal FastReco + tracking, E >0.35 GeV

" Entries 28939
. . 8 4000 w2 I n .
* Reconstruction via yJ/ Gonamt 3506 2300

Mean 0.4158 +0.0002
Sigma  0.02931 +0.00014

3500

« X andYy_, mass difference ~45 MeV

3000

o Expected statistics: ~500K selected events for both
states (30% feed-down assumed)

1500

« Relative production rate of x_, and x_, validates models

1000

e LO CS NRQCD [Boer, Pisano, 2012]: 500

dU(XQ2) B gﬂ-3a§ B0z 63""03: 04 045 05 055 06 065 07

XQz (3 g9 £9 Miyu'n) - Miu'w) [GeV)
dyd2q, 9 M5 0107 CR)[0) C [ f1] 3.0 GeV < M(u*u) < 3.2 GeV, E,>0.35 GeV

NIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

Lgyplyg 40
dO—(XQU) _ 8“ a XQU 3 g9 19 2 2 ¢ [w hl hl ] = E — Total
o Fory, andy, TMD factorization holds only for one 2.8 A  blckground
loop level (Ma,Wang, Zhao, 2014) g M:
SPD measurements: 300E
« differential cross-section as function of p_and x_ 2"“2‘
. . . 100
« relative contribution of the x_ and x_, -
C T D iy s N R R
8.2 0.|3 0.4 0.5 0.|8 0.|7 0.8

M(u*wy)-M(u" ) (GeV)
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On inclusive Y(2S) production at SPD

3.0GeV <M, <3.2GeV

o
w

e No feed-down contributions

Events

o P(2S) = p'u does not look promising (compared to
J/U yield is suppressed by approximately 50) 200

o (2S) = /W, J/P = uu according to 150
preliminary studies:

« is feasible, a narrow peak (~10 MeV) in M(rt*mr 100

L) - M(p'o) can be seen on a significant
background

|HLI\\‘\\\\‘I\Illllllllllﬁ

50

0.6 0.65 0.7 0.75 0.8
M(uwrmtm)-M(u*w’) (GeV)

ST TTI
o
~
(4]
o
[é;]
o
o
(4]

» about 100K selected events per year are expected. Q)
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On n_production

p, GeVic

e The theoretically cleanest probe of gluon
structure:

e CS production
e TMD factorization is proven
« probes f{and h;

do(ng) 2ma2

dyd’qr 9 M3 s

0107 (*So)|0) C[£7 f1] [L — R(q7)]
Boer, Pisano, 2012

p_{GeV)

« Experimentally challenging
e For SPD two modes, pp and AA, can be used

» Expected statistics is 600K for pp (conservative
estimate) before the event selection.
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Associate J/y production

Double J/ production is promising:

e CS production, avoids TMD-factorization breaking effects
. . . g hlg

« In unpolarized collisions probes /1 and h]

do B Lg,lg
f"’bCSdMQQdYQQdQPQQTdQ Fc {fl f1]+F2 [w2h " ]

At SPD:
e The cross-section is 27+10 pb at Vs=27 GeV (NA3, PLB158,85)

e Yield: 50-100 selected events for both dimuon and dielectron
modes

« do/dp_ for low-p_, complimentary to “big” experiments

» probing evolution effects, x-dependence?

{gu fl (Zkyrkzr‘gg' T)h )

Zkﬁ‘rklr gﬂk )

EPJC80, 87 (2020)

Ideas from JPL talk at the workshop “Gluon content
of proton and deuteron with SPD at NICA”
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e The SPD experiment is expected to provide important high-precision
measurements of charmonia production (kinematic distributions, polarization
and asymmetries) with unique high-statistics polarized data for Vs between 10
and 27 GeV (4 - 13 GeV for dd).

e The measurement will constrain charmonia production models and probe gluon
TMD PDFs (the latter will be complimented by other probes).

o These measurements should also allow the study of QCD factorization and
factorization-breaking effects.

« We are very open to new ideas and suggestions.

« Adding our energy point (Vs=27 GeV) in your future predictions would be
extremely important for us.
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