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Motivation @

« Predicted' and observed** global polarization
signals rise as the collision energy is reduced:

> NICA energy range will provide new insight

P, [%]

« New value of decay asymmetry o, found in BES-
I1I experiment*
> Effect could be studied at NICA

« A(A)-splitting of global polarization, connection
to the radial flow

10. Rogachevsky, A. Sorin, O. Teryaev, Phys.Rev. C 82, 054910 (2010)
2J. Adam et al. (STAR Collaboration), Phys. Rev. C 98, 014910 (2018)
3F. Kornas for the HADES Collaboration, SQM 2021

4 Ablikim M, et al., Nature Phys. 15:631 (2019)

[=2]
TTT
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» Ag+Ag |5, = 2.55 GeV 10-40%
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- o ®
0.2 <p [GeVic]<1.5,-0.5< You < 0.3

¥ STAR, PRC76 (2007) 024915
Nature548 (2017) 62
PRCS8 (2018) 014910
LICE, PRC101 (2020) 044611
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Global hyperon polarization @

¢ w.I.t. reaction plane
« Emerges in HIC due to the system angular

momentum™* AN PR
. . . g SN S
« Sensitive to parity-odd characteristics of P
QCD medium and QCD anomalous

transport
« Measured through the weak decay: A — p + 7~

dN o
=1 P g*
d cos 0* + an| P cos
ap = —ajx ~ 0.732

1Z. Liang, X. Wang, PRL 94, 102301 (2005)
2L.. Adamczyk et al., Nature 548, 62 (2017)
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« §° — angle between the decay
particle and 77 = Ppeam X PA

— g8 1
PA/A = (Sin(¥gp — ¢%))
1 EP

T Rpp
— Determine centrality ¢ PV — primary vertex
— Determine event plane « V — vertex of hyperon decay

(UipsRip) ¢ dca — distance of closest
approach

— Reconstruct LLambda

o ¢ path — decay length
— (Global polarization
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Analysis technique @

e « MC simulation using PHSD generator’

simulation > Au-Au @ 7.7GeV, 1.4M MB events, b [0,16]fm

PHSD > Global hyperon polarization

> Thermodynamical (Becattini) approach?

Detector « Dataset for comparison (UrQMD):
3 l t.
e - Au-Au @ 7.7GeV, 1.4M MB events (request 9), b
GEANT 3
[0,16]fm

> No polarization

Event
reconstruction

MPD 'W. Cassing, E. Bratkovskaya, PRC 78 (2008) 034919; NPA831 (2009) 215; W.
Cassing, EPJ ST 168 (2009) 3
2F. Becattini, V. Chandra, L. Del Zanna, E. Grossi, Ann. Phys. 338 (2013) 32
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Analysis technique @

MC ¢ Detector simulation
simulation > Transfer of hyperon polarization vector P = {P,P,P} from

PHSD generator data (PHSD) to MCTracks
> Accounts for non-unitary length of the vector (weight)
- Polarization set to zero P = {0,0,0} if P_> 1

¢ Transfer of polarization during hyperon decays' (feed-down)

Det(fctf)r . 8" =CS",
Slmz ation > D — daughter, P — parent, C — coefficient*
GEANT 3 ¢ Anisotropic decay of A hyperons (can be turned on/off)
> dN K
=1 P *
Fp— + ap|Pa|cosf
Event apr = —az ~ 0.732
reconstruction
MPD LE(E), B, £ decays (C,- = 0.927, C_ = 0.9, C_ = -1/3)

2F. Becattini et al., Phys.Rev.C 95 (2017) 5, 054902
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Analysis technique @

\%(@ ¢« Event reconstruction
simulation > Centrality and Event Plane determination
PHSD > Realistic PID
» Reconstruction of A hyperons via their weak decay

T

—_

o
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ToF m?, GeV?

simulation
GEANT 3

104 104

10°
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Event

reconstruction
MPD
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Centrality determination @

« MC-Glauber based MC Glauber
centrality framework! data
@ Selection criteria: %qu — Fun S i
- 500k events oS oo M HCTE Evaluate N
- I < 0.5 10°¢ _ 20-30% distribution
: — 30-40%
> pp > 0.15 GeV 1ol —40-50% i L
i — 50-60%
-~ Ny > 16 : Iy Evaluate Call
> IDCA| < 0.5 cm 102? — 80-100% X NBD(p,k)*N,
(optional) 10} i \ L
> 0/._ . .
10%-centrality bins B Minimize x° Multiplicity
e |15|)0| . I|\I|200 — find f, p, k fitting function
ch

1P, Parfenov et al, NRNU MEPhI for the MPD collaboration .
(https://github.com/FlowNICA/CentralityFramework) ONg = fN, part T (1 —f )N coll
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Centrality determination @

15

Y Moo DCa) E*E ¢ Last interval (90-100%) not determined
]

Model " :%:#; 4% correctly

<b> + G, fm

> Combined into 80-100%
=$==$= » 4 intervals of centrality chosen for analysis
(0-10%, 10-20%, 20-50%, 50-100%) for
comparison
« ~300k events discarded due to zero
__________________________________________________________________________________ multiplicity in TPC
S « Agreement within ~5% for impact

09 parameter
B > Better agreement w/o DCA cut

e

11—

MC-Gl/Model

I R H S RS SS B
08 80 10
Centrality, %
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Event plane determination @

« Event plane angle can be measured as: w; = B/ Erotal (FHCal)
1
> Wpp = — arctan g— W; = PTi/PTtotal (TPC)
T

> Qy = EﬂvZ sin(nep;)
> Qr = X;w; cos(ng;)

¢ EP correction: ¢ = U" 4 Z (sinnW¥"™) cosn¥" + (cosn¥") sinn¥")

cor

¢« Event plane resolution can be calculated as:
g REP = (cos(k(Pgp — Yrp))) (w.rt. reaction plane angle from the model)

" Rip = (cos(k(Pgp r — UEp.1,))) (sub-event resolution method?)

1]J. Barrette et al. (E877 Collaboration) Phys. Rev. C56, 3254 (1997)

2A. M. Poskanzer , S. Voloshin Phys.Rev. C (1998) 58. pp. 1671-1678
polarization analysis at MPD




Event plane determination @

O
= 0oF- ¢« Event plane and resolution
sBoeF determined using FHCal
8 L « PHSD gives higher resolution
v U0
oeb values w.r.t. URQMD model
oo ¢ Effect not understood yet
0af
0.3
- ] PHSD (True)
0.2~ O UrQMD (True)
01E W PHSD (Reco)
F o UrQMD (Heco)
L1 | L1 I| IIIIIIII | IIIIIIII |IIII|IIII|IIII|IIII
656500506056 50™60 100

Centrality, [%]

ﬁ

REp (sub) = ﬁx exp (—x° /D)L k—1),2(x*/4) + Ir+1)2(x°/4)]
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Event plane determination @

Entries

x10°
35; q | 2/ ndf 104/5
- PHSD
L Constant4.141e+04 + 1.678e+02
30—20- 30 %
L Mean ~0.0511+0.0358
25_—
C Sigma 11.07 £ 0.03
20—
15—
10/
5
B | | | ‘ M. 1 | | | | J ‘ 'L | | ‘ | | ‘ | | |
—%OO -400 -200 0 200 400 600
Wep - Wgp [deg]

Entries

x10°
16_— E[ ¥?/ ndf 23.15/5
14 | UrQMD Constant1.589e+04 + 7.484e+01
- 20 -30 % 5
L L | Mean -1.898 £ 0.114
12—
B Sigma 26.99 +0.13
10—
8
6l
4l
1 ]I‘N
7\\\|I’\r1'\"u-‘g——r|rlj|‘\ ‘kﬂll“
—%00 -400 0 200 400 600

Wip - Wgp [deg]

@ Difference between EP
and RP angles

> Gaussian fit

> Resolution of ~ 27
deg. for UrQMD
and ~ 11 deg. for
PHSD

> Centered at 0
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x10°

018l 20-50% Before
- w,cut

0.16]—
0.14?—
0.12f—
01
O.DB;
008
0.04?—
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0_ |\\II|I\II|\III|IIII‘\II\‘IIII‘III\'IIII'II\\
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\/ X2XE

Xi + XY,

09)) —In

(=0.5(x — [1]))*

Fitting procedure:
> Global fit (Gauss +
Legendre polynomials)
> Background fit in
sidebands (+ 7o)
> Cut-off: <M > + 4o

> @, cut based on maximum

significance (for each
centrality bin)

() = [0)exp (3

)+ [81(Lo + 4Ly + 1L + [6]Ls + [71L0)

50

4oF
30
20

10F

D_ I\\‘V\Il\lll | ‘ ‘ | | ‘

| A A I
1.11 1.12 113 1.14 1.15 1.16 1.17
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Global polarization reconstruction

¢ Obtained invariant mass distribution in bins of A¢* = ¥yp — ¢

p
> Net amount of A in each bin
- Distribution of N (A¢3) g AL
e Fit Of the diStributionl to gEt <SIH(A¢;)> — PA LTE_I - :E;g(%mund Wy > 2.5
- — igna . S -
- «Event plane» method (p, = [1]) CE s Geart i s T
_— 8 m sol- = i eff. = 11.60
AN = —— - .
o Rip of 20-50%
303—
20f—
P L (sin(Whp - 60) ] :
A — 11 - - ' :
A/A T R%‘]P EP p 1[?()'7I I'i.DIElI I1I.£'lEI]I I I1|.1I I I'Ill.1l1l I1I.'|I2.I I1I.'|I(I3I I1I.'|I21I I1I.'|I'L5ﬂI I1I.('|I3|El3I\Jlrjllf1l.21?
1 dN . * * : * *
s = [0](1 + 2[1] sm(Aqbp) + 2[2] cos(Agbp) + 2[3] sm(QAgbp) + 2[4] COS(QAqbp) +...)
p
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x10* x10*
=S < [
3 i 0 3 - 0
8 Ll + 0-10% & [ +10-20@
=z L £ -
T © B
122 96 i*’
94— +
12 N
b, =-0.0008+/- 0.0014 p, = 0.0011+/- 0.0016
[Py =-0.2219+/- 0.5349] ! [Ph=pde7ivr0S7Ss !
0 2 , 6 0 2 4 , 8
VYo - 0 Pep- 0
5 3
s 170 o 562
: < |
Z< L Z< -
S L T -
L 54
16.5— i
i 52 +
. p, = 0.0029 +- 0.0012 + P, = 0.0044 +/- 0.0022 +
Py=10141+-04308 | [Py=1.90244-09357 =, | L
0 2 .6 0 2 4 .6
Wep- 0 Wep- ¢

dN
dAG:

8 D1
py=— L

ap ~ 0.732

N, ~2 %108

= [0](1 + 2[1] sin(Ag, ) + 2[2] cos(Ag,) + 2[3] sin(2A¢;) + 2[4] cos(2A¢,) + ...)
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2 JAN 2 JAN
&L o me (fun) PHSD &L o MC (full) PHSD
EL< s MC (primary) n~ 4 2 MC (primary)
® Reco ® Reco
- ¥ STAR, Nature548 (2017) 62 o | % STAR, Nature548 (2017) 62 o
21 ® oL

60 80 60 80
Centrality, [%] Centrality, [%]

¢ STAR measurement is corrected for the new value of decay asymmetry
¢ (left) corrected for EP resolution (right) no resolution correction
¢ Feed-down from decays lowers polarization value
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P [%]

Elizaveta Nazarova

41 N MC (primary)
® Reco
" ¥ STAR, Nature548 (2017) 62 o
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0 I O PR PR
1 | | | 1 1 1 | | | | | | | | |
0 20 40 60 80

Centrality, [%]
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¢ STAR measurement is corrected for the new value of decay asymmetry
¢ (left) corrected for EP resolution (right) no resolution correction
¢ Feed-down from decays lowers polarization value
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) )
S L oM (full) PHSD ~ & L oM (tull) PHSD ~
z /N MC (primary) z 2 MC (primary)
0" 4[ e Reco (EP angle) 0.~ 4 e Reco (EP angle)
| A Reco (RP angle) | A Reco (RP angle)
¥ STAR, Nature548 (2017) 62 O & STAR, Nature548 (2017) 62 o
2 ® 2

[ [

0 20 40 60 80 0 20 40 60 80

Centrality, [%] Centrality, [%]

— 8 1 , .
- Py = o (sin(Vhy — 63))

¢ Measurement w.r.t. RP angle (no resolution required) T Lipp
¢ (left) corrected for EP resolution = 8 . «
@ (right) no resolution correction Paji = T (sin(¥re — 7))

Global hyperon polarization analysis at MPD



9 9
I PHSD 2 | & | o mMc tun PHSD *
> . ” 2 MC (primary)
o’ 4 f gg:g" imary) o 4 e geco ?Jol) »
W Reco (hon-po
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o ‘g o °
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¢ STAR measurement is corrected for the new value of decay asymmetry
¢ Non-polarized sample — can be obtained by disabling anisotropic decay
of Lambda AN

1 P, 0*
d cos 0* +an|Py| cos
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Conclusions @

« Implemented transfer of polarization to secondary Lambda
« Realized event plane method for global polarization measurements
» Question about PHSD Event Plane resolution remains

¢« Measurements agree within error bars with the model value, as well as the
experimental data from STAR collaboration

> Exception in the peripheral region

« Arises due to the anisotropic decay of Lambda, incorporated in the detector
simulation

Global hyperon polarization analysis at MPD 05.10.2021 21/30



Thank you for your attention!
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— — 5
Q
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o 4 e Reco (pol) o T N ~5*10%
| W Reco (non-pol) i A
¥ STAR, Nature548 (2017) 62 o + (URQMD)
- 0__ ............................................................. @
21 ° ! N, ~2*10°
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- O MC (full)
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i " —5” @ Reco
| | | - ¥ STAR, Nature548 (2017) 62
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: 2 4
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¢ STAR measurement is corrected for the new value of decay asymmetry
¢ Non-polarized sample — can be obtained by disabling anisotropic decay
of Lambda AN

S | P, 0*
d cos 0* +an|Py| cos
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L O MC (full) PHSD o
2 MC (primary)
— @ Reco
| & STAR data
O
2r 'y
VAN
Of 1 ? | 1 1 1 | 1 1 1

60 80
Centrality, [%]

Using PHSD EP resolution values
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Using UrQMD EP resolution values
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2 <|n| < 5 region corresponds to FHCal
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@ Comparison of the UrQMD, PHQMD & PHSD
models

> Much lower statistics in the PHQMD sample

> 1-order EP resolution is similar for UrQMD
and PHQMD

> Feature of the PHQMD model: reaction plane
is shifted by 180deg — need to account for
the shift in the calculations

Elizaveta Nazarova

Global hyperon polarization analysis at MPD

05.10.2021



v x10° 2 ndf 10415
o |
s | E
ud d
35 B Constantl.141e+04 + 1.678e+02
- PHSD
30 r Mean ~0.0511+ 0.0358
1 20-30 %
- Sigma 11.07 £ 0.03
25—
20—
15—
10—
5
07I\I‘[TLI\‘IILFHJII|I\:“‘II\
-600 400  -200 0 200 400 600

Elizaveta Nazarova

Wep - Prp [deg]

x10°

" 2 [ ndf 23.15/5
o L
g 16—
i Constant1.589e+04 + 7.484e+01
. UrQMD
14—
L Mean -1.898 1 0.114
L 20-30%
12 __ Sigma 26.99 0.13
10—
8_
6_
P -
2_
0||M|wll
-600 -400 200 400 600

0oDa

Wep - Prp [deg]

Entries

peron polarization analysis at MPD

x10° 2/ndf 102375
4_

i p0 3631+354
25_ PHQMD

i p1 -179.6 +0.3

1 20-30 %

3_

i p2 28.43+0.29
251 [

ol
15

11—
05—

O_IIJ_AJI]II |||].|M__1||
600 400  -200 0 600

qkp'qﬁpmem




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

