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A Few Definitions...
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Importance of granular BBC
detector (to reconstruct
reaction plane angle)
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Picture of Relativistic Heavy lon Collision

Hydrodynamic description of HIC
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Picture of Relativistic Heavy lon Collision
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Mapping the QCD Phase Diagram
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Picture of Relativistic Heavy lon Collision

Hydrodynamic description of HIC
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Importance of Spectra Measurements

K.J. Eskola et al. Nucl. Phys. A 774 (2006) 805

STAR ths Rev. C 96 (2017) 44904

ly|<0.1
0-5% central collisions
P, fit ranges:
n: 0.5-1.3 GeV/c

K: 0.25-1.4 GeV/c
p (P): 0.4-1.3 GeV/c

O LA e e e

[ “‘:Au 39GeV (e)

Parameters: Temperature (T,;,) and transverse radial velocity (B)
obtained by fitting the momentum distribution of particles

Blast-wave fits for particle spectra

d°N . _[R rdrm, 10[ p; sinh p(r)j
2nprdpydy %0 4
K,(mT cosh p(r))
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- Medium influence on heavy flavor
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Lack of the light and medium A
collision measurements:

- Probing different energy
density regimes (different
Initial system sizes with at
the same collision energy)

- Influence of initial
state (quarks and
gluons, nucleons, clusters, ...)



Heavy Flavor Measurements

N.B. also the
CMS, arXiv:2303.17026 is strongly suppressed
: Ban - 3*Naa/dydpr
PbPb 1.61 nb™ (5.02 TeV 1 3 —
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L i - o mo + .
0 oottt b b ™00 Tt "0 channel as well as decays of D
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From Quark Matter 2023

E. Scomparin — INFN Torino
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Evolution of A+A Collision
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Picture of Relativistic Heavy lon Collision

Hydrodynamic description of HIC
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Vorticity in Heavy lon Collision

* The Quark-Gluon Plasma (QGP) formed in non-central
nucleus-nucleus collisions is associated with large
angular momentum, that leads to vorticity in the medium

 Spin-orbit coupling aligns spin directions of produced
particles along the direction of vorticity

> 1.-1. Liang and X.-N. Wang, PRL34, 102301 (200%)
> 3. A. Voloshin, arXiv:nucl-th/0410083

* Another possible source of particle polarization is G 1P
magnetic field, created in non-central collisions in Y -
the initial stage T reaction piane P2/1CIPAN!

»D. Kharzeev, L. McLerran, and H. Warringa, Nucl.Phys.ABOS, 727 (2008)
>McLerran and Skokov, Nucl. Phys. A823, 184 (Z014)

spectators
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How to Measure?

= « Hyperons are “self-analyzing” due to weak decay properties:
* Daughter baryons are preferentially emitted along parent spin direction

P )
% "”C.l

e Daughter baryons of hyperons
with polarization (P) follows the distribution:

dN 1 — 1 .
. =E(1+aH|P| - D}) =_—(1+ ayPcosO")

* ay - decay parameter, unique for each hyperon species

>
beam direction (z2)

. };E is the daughter baryon momentum in the parent frame

L. STAR /Vﬁz‘z//'eﬁllﬂ, B2-6a (2017)
* Projection to the transverse plane can be measured:

p. _ 8 (sin@1-0p)
H™ nay  Res(py)
i, is first-order event plane angle (proxy for reaction plane)

* y;; and its resolution Res({;)

can be calculated with spectator’s signal. quark- gluon
plasma / /
* X global polarization could also be measured S .
via its daughter A polarization with transfer factor Czy = 0.944 e ! )

Grigory Nigmatkulov. VISPD CM. Oct. 23, 2023 14



Lambda Global Polarization

I
Becattini & MAL arXiv:2003.03640
—~
2 | _
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al
6 * * STAR
B 0 ALICE
- scaled using a,=0.75
Average of A and A
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— chiral kinetic
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0 g
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Global polarization observed at RHIC in quantitative
agreement with standard hydro predictions [1]

Three-fluid hydro, especially important at low root(s) [2]

Transport calculations (coarse-graining to calculate
vorticity) [3,4] & kinetic+coalescence [5]

[1] Karpenko |, Becattini F. Eur. Phys. J. C77:213 (2017)

[2] Ivanov YB, Toneev VD, Soldatov AA. Phys. Rev. C100:014908 (2019)
[3] Li H, Pang LG, Wang Q, Xia XL. Phys. Rev. C96:054908 (2017)

[4] Vitiuk O, Bravina LV, Zabrodin EE arXiv:1910.06292 [hep-ph] (2019)
[5] Sun Y, Ko CM. Phys. Rev. C96:024906 (2017)
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Lambda Global Polarization)

STAR, Phys. Rev. C 108, 014910

“\3 (a) A i scaled using a,=0.732 ]
— < 10 % % STAR 20-50% Au+Au, BES-1I
. . * STAI‘-? 20-5()(7:-1 Au+Au, BES-I
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. . . o« s 1.5
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* Theoretical calculations can quantitively explain )

the energy dependence of the A polarization, but +$ﬁ‘iﬁé% 196 27

. . . . 0 o B
many of them fail to explain differential measurements
X aof 4 1
* Nowadays there is a growing interest to measure = 7 0.2} % :
the global polarization of other hyperons such as =. f - 0 {%
1
* = and () hyperons global polarization was measured o % A
. . M - % E 4.0 ry|
in Au+Au collisions at /sy = 200 GeV ) 0L . & .
e = polarization may provide new input for 05 —[scaled using 0, =0.732] T
. . .« o . B <> STAR 20-50% Au+Au, BES-II | |
global polarization and vorticity studies ) 4 STAR 20-50% AutAu, BES-T
<& ALICE 15-50% Pb4-Pb

|
10! 102 103 10*
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Rapidity Dependence of G.P.

VORTEX RINGS FROM HIGH ENERGY CENTRAL p+A4 ... PHYSICAL REVIEW C 104, L011901 (2021)

will provide important insights on the vor

ticity

Rapidity dependence of global hyperon polarization

< si | AutAu [5,,7=200 GeV | p+Au (5,200 GeV | p+Pb [Sy=5.02TeV | development |n the med|um
;., 4 e N » Forward rapidity measurement is important
L 20 T T
-2 3 :
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Particles / 1 event
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Rapidity Dependence of Vorticity

Hadrochemistry UrQMD Kr+Kr at /sy = 12 GeV A pT VS. M
o) 2.5 L i

= . — > — AT Tl SPD acc
SR o B = W == e g S
— a B E=5- = i =
i 2 L T 1 = 1= g = =
- . : S aniSeREaE T
[ —— —— L === -
B F \ 15— = N 7
= e - =K ]
- 1 - B
u T . 05— - ol
- \_ ./ . = e 4, MPD, STAR, ALICE Foe:.
T TTT T T L L] 0 —4 -2 I 0 | 2 4

T 2 a0 k kT B B ALK A4 X L 10 & o E S oF Oy onn "“ﬁoé@ﬁ" n

Particle species

- Simulation (without detector response) for Kr+Kr collisions at vsyy = 12 GeV
- Need to understand occupancy effects

- Many particles of interest in the SPD acceptance. Opportunity to pin down the spin
transfer and provide high-accuracy measurements of the vortical structure of medium
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Vector Meason Spin Alignment

poo>1/31

p00
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Rapidity dependence roughly agrees with theory invoking strong

force field.
Rosi Reed - Quark Matter 2023
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M E Phl Group ACtivities .- Tests in MEPhI (summer 2023) H

Hardware
 MEPhI group in collaboration with the LHEP JINR team
is on the way to the 7-tile protype of BBC detector
« Materials selection
* Chemically matted is preferred (not Tyvek)
« Optical cement selection: still TBC
* Kuraray Y-11 WLS is preferred

7triyles and test assembly Physics and software
_ﬁ « Developing physics case for ion-ion physics with SPD
« Particle physics with polarized and unpolarized beams

'1.23, 2023

fa ;\ﬁi\ ralks
\J/ _Lj// _  + Baldin Seminar (Arseniy Zakharov)
V** ﬁ\ /T\K\ / ~ + AYSS (Arseniy Zakharov)
-
J \\ / +‘ *H %
77777 /1\ 7
M L For details of the BBC design see
\f# / ! 7 : Alexey Tishevsky's talk Tue. 1 pm
o0 MLy )
\\i/ |
|
|



Summary

- Measurements of relativistic ion-ion collisions allow to test QCD in the
laboratory

- Many interesting open questions that could be explored with SPD
- Temperature and baryon chemical potentials at different energy densities

- Effects of perturbative and non-perturbative regime on in-medium
particle production

- Viscosity and initial state influence on final-state particle production
- Vortical structure of the QCD medium

- SPD has a unique capabilities to study medium properties in collisions of
small (pp, pd, dd) and medium (Ar, O, Kr, Xe?) systems

Grigory Nigmatkulov. VISPD CM. Oct. 23, 2023 21
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