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Introduction to Spin Alighment

Preferential alignment of a particle’s spin with

respect to the large orbital angular momentum B} P
produced 1n heavy-ion collisions. p’”v*, — »
Poo: 00" element of the spin density matrix. & meson ) P'asga
6* : angle between K™ daughter and \ﬁK .’? -?s (

polarization axis in parent’s rest frame. o %““;;. .

p + n eO 4
RG2S
Poo 1s found by fitting the parent particle’s Y \ / \/ / y
yield (V) vs cos(6%).] meson & y
v, Euclear o
dN _. ragmen
= No X [(1 = pgo) + (3pg0 — 1)cos?6"] i

dcosf*

. 1 . . STAR Collaboration. Nature 614, 244248 (2023)
Poo # 1/3 1ndicates spin alignment.

[1] Schilling et al., Nucl. Phys.B18, 332 (1970).



¢ BES-II Analysis

Gavin Wilks (gwilks3@uic.edu, University of Illinois at Chicago)

For more details see slides 78-83
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Motivation

% o0 (yl<1.0and 1.2 <p; <5.4 GeVc™)
o K™ (ly]<1.0and 1.0 < p; < 5.0 GeV c7)
— GY=4.64+0.73 m?

o

o % STAR (Au+Au and 20-60% centrality)

O ¥¢ ALICE (Pb+Pb and 10-50% centrality)

O
1] 1 Lol ] Ll 1 L1

* For the first time, a large positive
global spin alignment (py,>1/3)
for (;-meson was measured at
mid-central collisions.

* We have significantly more
statistics in BES-Il for the lower
energies <= 19.6GeV

* Differential studies to help guide
theory.

107 102 10°

sy (GeV)
STAR Collaboration. Nature 614, 244248 (2023)




Dataset and Cuts

System Trigger IDs
AutAu 14.6 GeV BES-II (2019) 650000 (minbias)
AutAu 19.6 GeV BES-II (2019) 640001, 640011, 640021, 640031, 640041, 640051 (all minbias)

Event Level Cuts

|v,|] <70 cm

|v,] <2cm
nBToFMatch > 2

PID Cuts for p-meson K-

TPC: nog| < 2.5
TPC Track Cuts for K7, n""" && TOF: 0.16 < M2 < 0.36
pr>0.1 GeV/e
Ip| < 10 GeV/c
IDCA| <2 cm

No. TPC hits > 15
TPC hit ratio > 0.52
nf<1.0




Analysis Procedure

Calculating py, from angular distribution of decay daughters:
» Total ¢ meson yield calculated for each cos(6*) bin.

* Correct yields for TPC tracking x ToF matching efficiency. Simulate ¢ decay in Pythia6 and
apply efficiency to decay daughters to find efficiency vs. cos(6*).

* Finite n acceptance correction calculated through simulated ¢ decay in Pythia6.

* n acceptance correction and event plane resolution correction applied by fitting efficiency
corrected py,°°° using the function:
B'F* 3G* B'G"

ldcos@ |,7|°(2+F D i 4 2

3 34" 3B
cos? 9*'

+_ F* A’+B, +G* . = =0
| ) TR | L

+ o (BE 4 E) | coss 0
_ 4 ) COS .
, _ A(1+3R) g _AQ-R) 4 — 3P0 —1

44+ A(1-R) "’ 4+A(1—-R) "’ 1= poo
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Event mixing is used to produce
(p-meson background.

Normalize mixed event

background to
signal+background and subtract

background

Fit signal histogram with Breit
Wigner + 3" order polynomial

1 AF
21 (m —mg) + (/)2

Yields are extracted by
histogram integration.

+ poly3
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- X ¢ BES-Il (lyl <1.5, Inl <1.0) .
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] Au+Au 19.6 GeV
] 20%-60% ﬁ
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P, (GeV/c)

Mid-central Au+Au collisions (20-60%)
BES-II Yield weighted average over p; (1.2-4.2 GeV/c)
Poo" =0.3503 + 0.0025 (stat.) £ 0.0013 (sys.)

Poo" > 1/3 with 6.120

BES-I Yield weighted average over p;(1.2-4.2 GeV/c)

Poo = 0.3587 + 0.0076 (stat.) £ 0.0071 (sys.)
Poo’ > 1/3 with 2.440

Poo’ ~ Poo With 0.80




p00

d meson py, (Centrality)

0.4 | | I | | | | | | | | |
I‘ | 7 i 1.0 < pT < 5.0
- 1 * Value for each centrality calculated
0.38— X ¢ BES-II (lyl < 1.5, Inw_,,_l <1.0) — . . .
- . in 3 p; bins with edges:
- eeeeee =1/3 .
T oo g {1.0,1.6,2.4,5.0}
0.36— — . .
- S 1 * Then integrated over these bins.
] ; |
T X 1+ 0-80%, 1.0< |p;| <5.0
034‘“ * poo' =0.3491 + 0.0019 (stat.) + 0.0012 (sys.)
- 1« 20-60%, 1.0< |p;| <5.0
0.32 . * pgo =0.3519 + 0.0021 (stat.) + 0.0012 (sys.)
. Au+Au 19.6 GeV | * consistent with p; dependent study, p;
i | ranges differ slightly.
0.31 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l
0 20 40 60 80

Centrality (%) 10
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meson Pqg (Y, rapidity)
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X ¢ BES-I (lyl < 1.5) .

e 1.0<p;<5.0

* Value for each centrality calculated in 2 p;
bins with edges: {1.0,2.0,5.0}

Also binned in centrality: {0-10%,10-40%,40-80%}

* Then integrated over these bins.
* 0-80%, 1.0< |ps] <5.0

Poo’ =0.3647 £ 0.0038 (stat.) £ 0.0012 (sys.)

Not consistent with integrated minbias result from
centrality study.

We are currently investigated the acceptance
correction for the rapidity dependent p,.
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Systematics

Systematic Source Central Value

dca <2.0cm <20cm,<2.5cm,<3.0cm
Inoy| <2.5 <2.0,<2.5,<3.0
Background normalization range [1.04,1.05] [0.99,1.0], [1.04,1.05], average of both
Yield extraction method Breit-Wigner integration  Bin counting and Breit-Wigner integration
Yield extraction range <2.00 <2.00,<2.50,<3.00

-
N
T

* We want to add varying input for TPC efficiency
for each n bin or each n & ¢ bin later.
Vary fit method for ToF matching efficiency
* Default “Fit to plateau™: shape set by n bin
integrated over ¢, normalization set by
plateau 1n each n & ¢ bin.
* Variation “Fit to n”: shape and normalization ool | i

set by n bin integrated over ¢. A SRR

p. (GeV/c)

\\\\\

Efficiency
4

EEEEEEEEE
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Roadmap to QM2023

* Need official centrality, bad runs, embedding, etc for 7.7 GeV BES-II.

* Need to produce ¢ meson spectra for 14.6 and 7.7 GeV (used in
efficiency and acceptance correction simulations).

* v, is also needed and is near completion.

* 19.6 GeV will be finished once we address issues with rapidity
dependence (seems to be an acceptance correction issue).

* poo With respect to first order event plane will also be studied.

* All inputs to simulation should be identical, so this analysis will not require
much more work.



® and w Leptonic Channel Isobar
Analysis

Zaining Wang (19300200034 @fudan.edu.cn, Fudan University)

For more detail see slides 64-77
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Motivation
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STAR, Nature, 614, 244 (2023)

» strong force field s-sbar? depends on flavor? how about the light quarks, such as w
» ¢ meson, kaon spin 0, electron spin V2, depends on daughter spin?

» w comprises light quarks similar to m, k, but larger mass (782 MeV), hadronization

16




Event selection

Collisions Trigger V, Ve |lopdV, — V|

Runl8 Zr+Zr MinBias —35,25ecm < 2c¢m < 3em
Runl8 Ru+Ru MinBias —35,25em < 2em < 3em

10 F . , Z ' : :
STAR, isobar s, =200 GeV E - run18 X+X |s,, =200 GeV|
-2
10 — Ru+Ru : i
107 — Zr+Zr . i
107 F
10° F \ ] 0.01fF
10%5 200 2‘ 600 ' : : :
-100 -50 0 50 100
refMult

primary VertexZ (cm)

VertexY (cm)

vpdVz (cm)

run18 X+X \f”mn =200 GeV
|

)

0 50 100
VertexZ (cm)

»Bad run and centrality from the official isobar blinded analysis
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Track selection

pr 0.2-2.0 GeV/c
dca < 3cm
nHitsF'it >15
U] within +1
x10° ____ nHitsFit (primary tracks +/-)
: run18 X+X |syy = 200.0 GeV ||
4000 |-— Positive tracks ]
| — negative tracks
2000 - il
0
0 10 20 30 40 50
nHitsFit

800 %10° N (primary tracks +/-)
- run18 X+X {sy, = 200.0 GeV |
600 | — positive, ]
L — negatige tracks
a00| .
200 .
22 1 0 i 2
P, (primary tracks +/-)
7 C U U U U U U U 3
R [ run18 X+X {sy, = 200.0 GeV |’
6 _
(Y pQsitive tracks ]
10° f— negafive tracks f
10*
10°

102
10

O promm—rrrrm

global Dca (+/-) ]
run18 X+X {sy, = 200.0 GeV |]

tracks
10° | — negative tracl

10°

104§—

1025—

dE/dx (GeV/cm)

2 0 2
charge x momentum (GeV/c)
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Di-electron signal

o~ 10'15*

% | Isobar |'s,, = 200 GeV (0-80%)
107 F,
C\QI\D 107
Fo-

o ; =

8 107 F R £
> 105 b -
0 :
P 10° —+
S | T

107, 1 2 3

- Isobar s, =200 GeV (0-80%)

I p,: 00-50 GeV/c fAndt: 195.2/131.0

@ yield: 5.01 ++0.20 x10%
-+ -
0,0 >e +e @mass: 0.7803 +/- 0.0003

@ widh: 00188 +/- 00010
¢ yield: 565+ 0.13 x10°
¢mass: 1.0181 +/ 0.0002
¢ width: 0.0178 +/- 0.0005

»clear w and ¢p meson signal
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cosf” (@ — eTe”)in Isobar

T

yé/ndf: 75.32 /56.00
Raw y:0.190 +/- 0.010 x 10”
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

—
¥é/ndf: 67.22 /56.00

Raw y:0.197 +/- 0.010 x 10
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

—
y%ndf: 52.62/56.00

Raw y:0.180 +/- 0.010 x 10”
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

¥’/ndf: 55.44/ 56.00

Raw y:0.176 +/- 0.009 x 10”
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

—
¥¥/ndf: 66.58 / 56.00

Raw y:0.185 +/- 0.009 x 10°
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

¥2ndf: 57.&‘)'] 56.00

Raw y:0.236 +/- 0.009 x 10”
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

p:1.4-2.4GeVic

1

1

IR S TR R N S T 1
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Poo (@ = eTe™)in Isobar

o o (14poo)+(1=3poo) cos” 6”

d cos 0*

Without efficiency and acceptance corrections

X

—

o
&

Isobar |s,, =200 GeV (0-80%)

Isobar |'s, = 200 GeV (0-80%) N

pi1.4-24 GeV/c

Scaled counts

_+_

I IIIIIIIIIIIIIIIIIIIIIIIIIIII

p :0.213 +0.031
00

I|III|III|III

O
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cosO@*( w — eTe™)in Isobar

¥2ndf: 38.99 / 46.00

Raw y:0.155 +/- 0.015x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

¥4/ndf: 66.66 / 46.00

Raw y:0.157 +/- 0.015x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

T LI A
¥4/ndf: 43.03/46.00

Raw y:0.157 +/- 0.014 x 10°°
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

¥éndf: 44.79/46.00

Raw y:0.133 +/- 0.013 x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

¥2ndf: 48.89/46.00
Raw y:0.119 +/- 0.013 x 10°°
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

75 08 085
¥éndf: 41.33/46.00

Raw y:0.133 +/- 0.012 x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

p:14-24 GeVic
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Poo (W — eTe™)in Isobar(Zr+Zr&Ru+Ru)

(il\r '3 2 *
- (14+p 1—3po0) cos” 6
dcost ( +’[ 00) T ( f 00) Without efficiency and acceptance corrections

o
&

N
[N

|I[I|III|III§

Isobar |'s,, =200 GeV (0-80%)

Isob?r I'Syn = 200 GeV (0-80%)
p:1.4-2.4GeVic

Scaled counts
N

Illll

—_
(0 0]

_7_
IIIIIII

Illl

p,:0465£0070 © —e'+e

|III

O

llllllllllllllIlIllllllIllllll[llllllllllllllllll

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
c0so?,

O
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Summary of pyo of ¢,w without the correction of
detector effects and event plane resolution

Ifobar I'syn = 200 GeV

»Results of pyg of ¢,w need futher work of corrections

24



Summary and outlook

» Preliminary study pyo(obs) of phi omega(e+e- channel) in isobar are

shown.

» Efficiency and acceptance correction for p,y, will be studied.

» 10 times statistics from 2023 and 2025 will improve the precision.



0 Analysis

Baoshan Xi (xibaoshan@sinap.ac.cn, Shanghai Institute of Applied Physics)

For more detail see slides 53-63
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Research motlvatlon

% 1.04- o p: R o epome)fmmm ], _:
= [ N fexp(m ) ]
102 dm; ® -

- —«[exp(m IT)-17" €73 .

d i

Y S R R s ]

ed ]

0.98 -

& d_Nz = exp(-p_IT)

de i

dN -

0.96 o I« exp(-p2T?) 7]

0.998} [ dm, = myexp(-m,/T)
d

ﬁ - exp[-(m_-my)/T] / [T(m,+T)]

01 02 03 04 05 06
Resonance Poo

llllllllllllllllllll

0.997F ¢
0.

Fig. 9. (color online) .y and Rp as a function of resonance
poo for various transverse spectra. Choices of spectra are
the same as in Fig. 7.

A. H. Tang 2020 Chinese Phys. C 44 054101

Global spin alignment of p meson can contribute to
background in CME observables, similar to resonance v, effect.

(poo > 1/3) will enhance apparent values of CME observables.
(poo < 1/3) will decrease apparent values of CME observables.

To assess its effect in CME observables, it would be desirable to
study p® meson py,.
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Research motivation

Global spin alignment of p mesons is a crucial component in the background estimation for the
CME measurements involving pions.

N, 3poo —1 N

Aviig = Sign(Seoncavity) = Sign | ——2L—(3pgo — 1
/112 = g concavity g = £00
Ny N_ 4 3 IN,N—
-3

o 3(10, ——— 1 ~M4 T —— T T T
N - (2] s - - A L _
:0-2 ] p #0,=13+02 Wp, =1/3-01 i v =0 ]
] ~. | ¢p =13+01 p._=1/3-02 E i ]
] @ | ®P,=18 o 1 0.05 mVv;=0.05 ]
i 1 I vv=010
01 . ¢ +V=015 ]
: Y '
| g oof--eee- ¥ .
| 8| L ¥ 4
0 ] o - + y 1
] -0.05 - + g -
-0.1 - i - ]
1 ! ] 01 .
| T B L I . - L . ] [ b Lo
0.2 0.4 0.6 -4 -2 0 2 4 0.2 0.4 0.6
Poo AS" Poo

) ) ) ) Figure 4: (Left) toy model simulations of the Ry, (AS”) distribution for events with zero v’; and different pgg inputs. The distributions are
Figure 2: Toy model simulations of the m-7 Ay 13 correlation as a symmetrized around AS” =0. (Right) & conca\,ny/a'}%t extracted using Gaussian fits to Ry, (AS”) for different v§ and poo inputs. A positive
function of p-meson poo with various inputs of vy. Linear fits are value indicates the convex shape, and a negative one represents the concave shape.

applied to guide eyes.
arXiv:2212.03056
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Datasets and cuts of Run 11

Minimum Bias Event of AuAu 200GeV from 2011 (~500 M before event cuts. ~300M after event cuts)

Event cuts:
-30.0cm <Vz <30.0 cm
Vr<2.0cm
-3.0 cm <Vz-VzVPD < 3.0 cm
Number ToF matched point > 3
Bad runs are rejected by StRefMultCorr and abnormal data

Track cuts:
nHitsFit > 15
nHitsFit/nHitsMax > 0.55
[nSigmaPion| < 1.5

-0.8 <eta<0.8
dca<2.0cm

pr >0.2 GeV/c && p< 10 GeV/c
-0.1 <mass2<0.2
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Datasets and cuts of isobar
(Referring to those used in UCLA CME blind analysis)

Minimum Bias Event of isobar ( For RuRu: ~2000 M before event cuts. ~1600M after event cuts.
For ZrZr. ~2200 M before event cuts. ~1800M after event cuts.)

Event cuts:

-35cm <Vz <25cm

Vr<2.0cm
-3.0 cm <Vz-VzVPD < 3.0 cm

Number ToF matched point > 3

Bad runs are rejected by StRefMultCorr

Track cuts:
nHitsFit > 15
nHitsFit/nHitsMax > 0.55
[nSigmaPion| < 1.5

-0.8 <eta<0.8
dca<2.0cm

pr >0.2 GeV/c && p< 10 GeV/c
-0.1 <mass2<0.2
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Invariant mass and residual background

» We first subtract the rotated background.

* The normalization is taken at the place where the invariant
mass has its lowest value after the first step.

* After that we use a second order polynomial to take care of
residual background.
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Obtaining yields of p® meson

We fit with contributions from 7 particles (hadronic cocktail) :

W, pO, fO’ f2’ O-O’ k.S(‘) , 1.
The fitting range is 0.4-1.6 GeV.

The general principle is to stick to pdg values in peripheral collisions, where the environment is not
dense (less multiple scattering) and mass and width can be regarded as close-to-vacuum value. At

each pr interval, we fit the mass and width of the particles from peripheral collisions, then apply
these parameters to the central collision case.

F(p°, or fy, f5, 69) = PS(M) x BW(M)

, M
P M )= ikl X exp(—

M2 _+ p7/T)

J. Adams, et al. (STAR Collaboration), Phys. Rev. Lett. 92,
AM, MyT (M) 092301 (2004).

BW (M) = 2 2\ =
My — M:7)% + My T2 (M,
(Mo L) + Mo"T (Mecr) Prabhat R. Pujahari (for the STAR collaboration), Nucl.
N o (2741)/2 Phys. A 862, 297 (2011).
P = | Mex = Ama) 15T b (Mo /M)
Mpmr ) — (;\[(‘)2—4”1‘15‘) 0 Lo/ iam
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We do an overall fitting in each pt and centrality bin with the constrain of
parameters Is:

p®: mass: 0.7-0.8 width: free parameter
fo: mass: 0.98 (fixed) width: free parameter
% mass: 0.4-0.8 width: 0.1 - 0.8(PDG)

kQ: Gaussian function with mass and width as free parameters.
w, n: with function shapes obtained from hijing simulation.
f>: mass 1.275 width 0.185 35000

= —Sum
> o o9
Then for each cos@* bin: 30000 _o
On the basis of the overall fitting, we fix the 25000 —p’
mass and width of ¥ and k2, and fix the - o
. 20000 {|
width of p® and f,. ;/i‘ "
15000/, ||
o
Through cocktail fitting, the yield 100005_
of p® can be obtained. 5000~ || i
J. Adams, et al. (STAR Collaboration), of . 'Vl\ e —+=f |+
Phys. Rev. Lett. 92, 092301 (2004). 0.4 0.6 0.8 1 1.2 1.4 1.€

invariant mass of n'n-
Justifications for the choice of such setting are given in backup slides. -



Here we compare the mass of the p® meson obtained by fitting

with the previous results of STAR and find that they are consistent.

p? mass

0.8

0.78

0.76

0.74

0.72

0.7

- 25 P ;

i ¢ f

N + + —e— STAR Phys.Rev.Lett.92:092301,2004
= + + —+— Run 11 200GeV: AuAu

. —— Isobar: RuRu

| —u— |sobar: ZrZr

e R S T R TR R R A S R T
0 1 2 3 4 5
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The yield of p® meson is obtained by cocktail fitting and the
distribution has been corrected for efficiency.

L") .
2 -
> -
i pr : 2.4-3.0 GeV/c
- A qie
100003# ‘ centrality : 40-60%
9000 — ‘+*
8000 — ‘
- | | |

02 04 06 08 1
|coso*|

o



n? efficiency of Run 11

Then according to the TPC and TOF efficiency of pion's, the distribution of p° efficiency with
respect to cos0” in each pr bin is obtained.
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Acceptance and EP resolution

Corrections for finite EP resolution, efficiency, and acceptance

1) ¢-meson p,, analysis Detector efficiency within the acceptance is corrected using the STAR
Monte Carlo embedding method 3-'°. To account for finite EP resolution and finite acceptance in
pseudo-rapidity (n) !!, the observed cos §* distribution is not fitted using Eq. 1 in the main text, but

is instead described by the correction procedure derived in Ref. 7 wherein the data are fitted using

[d ng*] ox(1+ B2F) + (A’ + F) cos® 0"
cos Il | )
+(A'F — B F) cos* %,
where
A(l+ 3R A(l-R
AI — ( + ) , / — ( ) , (2)
4+ A(1—-R) 4+ A(l1—-R)
and
A — 3pOO - 1, (3)
1 — poo

* We follow the same procedure used in ¢ global spin alignment.



Doo as a function of pt of Run 11 AuAu

0.4 | R11 (all correction, 2-order accept)
- —e— centrality: 20-40%
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Doo as a function of pt of isobar

Since there is no embedding data of isobar at present, there is no efficiency correction here,
and we will do the efficiency correction when the embedding data is available.

RuRu ZrZr

IIIII
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@
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v —=e— RuRu centrality: 20-40% v + —®— ZrZr centrality: 20-40%

+ —=e— RuRu centrality: 40-60% + —&— ZrZr centrality: 40-60%

" —e— RuRu centrality: 60-80% o . —&— ZrZr centrality: 60-80%
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Systematic to be studied

no,. 1.0, 1.5, 2.0

dca: 1.5, 20,25

Normalization factor (small medium large)
Residual background subtraction

* Fitting procedure (The fixed value of the width of p° and f, is obtained by overall

fitting, p°® width fixed in 0.16 or PDG value , f, W|dth fixed |n 0.750r 0.1, p® mass
fixed from overall fitting)

e Count and integration range: 1.5*T", 1.0*T", 0.5*T
* Yield extraction (bin counting, integration)

Bin counting are used in all parts(as in the analysis of ¢).
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Summary and to-do-list

We have studied p® meson global spin alignment with data of 2011 and isobar. Our preliminary study
indicates that pgg is smaller than 1/3.

A smaller than 1/3 pgg means negative contribution to most CME observables, that is, in opposite
direction to most flow contributions. This means that our current CME fraction at 200 GeV is under
stated.

Good news for plain CME analyses, but complicates CME analyses that rely on ratios (Ru/Zr, PP/SP).

We will work on systematic uncertainty.
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J/U Isobar Analysis

Dandan Shen (shendandan@mail.sdu.edu.cn, Shandong University),

For more detail see slides 84-92
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Motivation

R —
L B Nuclear

4 gments & 05|||\|||

/ | : | ALICE, Pb-Pb {5, = 5.02 TeV |
", % © Large orbital angular 045 inciusive Jhy —> W 3
' momentum 03} 2<p <6GeVic,25<y<4 :

Nuclear

e T © Strong magnetic field : :
gv , 0.2 = * E
< 01;_|H_ B :

O 3
* ¢(yl<1.0and 1.2 <p; <5.4 GeVc™) r 1

Poo

0 K*(y|<1.0and 1.0 < p; <5.0 GeV ¢ -0.1[ ¢ Stat. uncert. .
e B —GY=464+073m¢ t [JSyst. uncert. Event plane ]
02,90 20 30 40 50 60 70 80 90 100
Centrality (%)
0.35
J/y at LHC energy:
e » Significant coalescence contribution at low-pT range
- e Spin alignment signal up to 60% Centrality
. (Spin-orbital coupling or strong magnetic field? Or et. Al)
0 % STAR (Au+Au and 20-60% centrality)
0.25 [ 0% ALICE (Pb+Pb and 10-50% centrality)
wll o whewedl™ o 5e el i
K i -k . What is the case at RHIC energy?
¢ meson spin alignment signals e Strong coupling between J/y and QGP
Clear energy dependence e Limited v»

Mainly from coalescence of two s quarks
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Data Set and cuts

® Data: Isobar (35727 + 2977, 39Ru+39Ru )~ 3.5Billions ® Electron identification:
3Xp-3.15< nog <2.
® Trigger: | = \ |1-1/8| < 0.025
VPDMB-30 (600001, 600011, 600021 and 600031) pr <1
® Vertex selection: _| P50.8 | -0.75<nog<2. |[1-1/B] <0.025

Vel =1075cm, || = 107%cm, |V;| = 107°cm

Vol <2em,—35 <V, <25 cem, [Vrpez — Vyppz | < 3cm ~| Only TOF | -0.75<nog <2. |1-1/B8] <0.025
® Track quality cuts
TPC: 0.2 < pyr < 30GeV/c In] < 1.0 |PT >1 |—~| Only BEMC | -1.< nog <2. 5< E0/p<15
: : nHitsFit
nHitsFit = 20 ZHitsPoss = 002 1.5<nog<2. |1-1/B] <0.025
. TOF & BEMC
nHitsDedx = 15 dca < 1.0cm _l | 0.5< Ey/p <1.5
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Yield extraction

10001 Cent.: 20% - 40% 2 /mdf= 160.17/47
03 <p, ' <60 N,,,= 2760 62
800f 6/7 < cos’ <7/7 S/B=2.57 —— Unlike-sign pairs

t S/AS+B=44.54

—e— Mix-event UL pairs

—e— e%e" - e*e” .
mix

Counts(20 Mev/c?)

signal

= = = Residual background

[0 acnn o cund_ariaPhBl T Flowe o s = i i i in:
U B A BB P, s e Yield extraction details can be found in:

Mee(GeV/Cz) https://drupal.star.bnl.gov/STAR/system/files/Mass_dist_PT_Buff2.pdf
https://drupal.star.bnl.gov/STAR/system/files/Mass_dist_Cent_Buff2.pdf

Background estimation:
Combinational: Mix-event UL, normalization range (3.3 - 3.6 GeV/c2)
Residual : Exp. function, fitting range [2.6, 2.7 ] && [3.3, 3.6]

J/y raw yield :
Bin counting method: [3.0, 3.2] GeV/c2
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Yield vs. cos(6%)

2200 Cent.: 0% - 80%
[ 25 < pi/ Y <4.0
2000[~ PI*:0.04 = 0.04
1800
1600
1400[- +—}~'“}— ,
1200 +

el R S| l i — l ' | — l i I — l i I l L

0 0.2 0.4

0.6

0.8

: S
Icos(6)I

Fitting function:

dN
dcosO*

Without efficiency and acceptance correction

=Cx[(1+ p(‘)’gs) +(1 - 3p8(1)’s)cos2(9*]

Jhp p, Vs minimum daughter P,

E=

w
2

T

[

minimum daughter p_ GeV/c
N
&)

N

-t
wn

-l

4
W

1 I 1 1 1 1 0
5 6
Jy p_ Gevic

OO

Very limited daughter pr unbalance effect due to large mass of J/y up to 6 GeV/c
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Yield in different pT range

Yield

[BAARIRRRRRRRRES nR;

Yield

Yield

UASREARERRRENRAREN LERAN RARRE

Yield

1 .
lcos(0)l
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10 sp)" <25
p:::‘:om =004

+
!
+

Yield

1

Icos(0)!

Cent.: 20% - 60%
03 <pl¥<10
p;::':O.lS +0.03

Yielo

Cent.: 0% - 20%

40 < p:"’ <60

p:0.15 = 007
00

0.8 1

Icos(8)!

Yield

LI N N N

1 .
lcos(0)l

Cent.: 20% - 60%
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.
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.
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.
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.

Yield

1

R
Icos(d )l
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1800
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1600

180

TTTTT T T

Cent.: 20% - 60%

¥y
1.0 sPy <25
pi023 =002 ’

1800 __.p-
1400~
® | I I A B
[ 0.2 0.4 0.6 0.8 1.
Icos(0 )l
250:_ Cent.: 20% - 60% .
F 40 <p’V<60 %
] RN b
E ipg :0.03 =007 i
240 e
E .
E ’
2201~ ke
o .
200

160
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T T T

1 =
lcos(9 )1

Significant spin alignment signal in both 0-20% and 20-60% centrality .




0.6_
05 —e— 0-80%
- —e— 0-20%
0.4_— —e— 20-60%
§ 8 0 3:—
= s | 1 4 ( obs 1 )
: 1 pOO —_—— T p — —
[ —1 t 3 1+3R"™ 3
0.2_—
E il { PRC 98,044907 (2018)
0.1
. ——
B 1 | | 1 | | | 1 1 | 1 1 | 1 | IT 1 | 1 ] 1 1 1 | | | | | |
00 1 2 3 4 5 6

Jp P, (GeV/c

Significant spin alignment signal with no pT dependence?
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obs
00

p&l)’s vs Centrality

0.6 1C
i -
E 0.8 =
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Signal flip over centrality?
The mean pT is different in different centrality
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J/p Efficiency

et (repet, Pme)

cosO” J/Y (mcpe,n, ¢, my )

\
i ! A t <=1 <=1.
Decay [, i 4 6514 pr Smearing >[e + er_l cceptance [|[<=1, [y} /y| X

Electron efficiency
J/Ap distribution

JIP efficiency: ¢/ = €.+ X €.- o

effici
(=)
B3
:IIII|IIIIIIIIIIIIIIIIIIIIIIIIlIIII|IIIIIIIII|IIII
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Summary and next to do

* Summary
* Very clear spin alignment signals but more check is needed
e Use the EPD event plane and ZDC event plane for non-flow correlations check

* WWe obtain single electron efficiency.

* Next to do

We will do systematic uncertainties estimation.
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Roadmap to QM2023 for all analyses

* ¢ BES-II:
* 19.6 GeV centrality and p; analyses are near completion, working on rapidity dependence.
* Raw results for 14.6 GeV presented.
* Working on corrections for 14.6 GeV and 19.6 GeV.
* Need official centrality definitions for 7.7 GeV, also embedding.

* ¢ and w (Isobar):

* Raw py, for ¢ and w were presented.
» Studying efficiency and acceptance effects.

e p° (Au+Au Run 11 + Isobar)
* Run 11 p; dependent analysis is in final stages.

* Waiting for isobar embedding data for efficiency corrections.
* Systematic uncertainty calculations.

* J/U (Isobar)

 Efficiency and acceptance corrections are determined.
* Use the EPD and ZDC event planes for non-flow correlations check.
* Systematic uncertainty calculations.
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Global spin alignment of p® meson

Baoshan Xi
06-26-2023

In collaboration with: Chengsheng Zhou, Yugang Ma, Jinhui Chen, Xu Sun, Aihong Tang



Analysis goals

« System

Run11: AuAu, Isobar: RuRu & ZrZr

* Analysis

Dependence of pyo on pt and centrality
o Status:

Default value of R11 AuAu data with all correction
Default value of Isobar data with no efficiency correction

* Requirements:

Efficiency of p° of isobar data
System err of Run11 AuAu and Isobar
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* Previous reports on collaboration meeting and fcv meeting
https://drupal.star.bnl.gov/STAR/system/files/2021 03 revisedVO01.pdf
https://drupal.star.bnl.gov/STAR/system/files/2022 04 25 0.pdf
https://drupal.star.bnl.gov/STAR/system/files/2022 09 14 .pdf
https://drupal.star.bnl.gov/STAR/system/files/fcv 2023 02 08.pdf
https://drupal.star.bnl.gov/STAR/system/files/collaboration 2023 03 02.pdf

* Roadmap to QM:

We don’t have data production, centrality, and special embedding requests.
After all corrections, pyo and its system error will be expected to be finished before QM2023.

We reported preliminary results for 2011 data and isobar. Since then, we have improved our
cocktail fitting procedure to better constrain the fitting in (mid)central collisions. Here we report
the final pyg value after all corrections of 2011 data, and results with no efficiency correction of
isobar data.
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https://drupal.star.bnl.gov/STAR/system/files/2021_03_revisedV01.pdf
https://drupal.star.bnl.gov/STAR/system/files/2022_04_25_0.pdf
https://drupal.star.bnl.gov/STAR/system/files/2022_09_14.pdf
https://drupal.star.bnl.gov/STAR/system/files/fcv_2023_02_08.pdf
https://drupal.star.bnl.gov/STAR/system/files/collaboration_2023_03_02.pdf

pOO

0.40

0.35

0.30

0.25—

Motivation

* o(y|<1.0and 1.2 <p; < 5.4 GeV c™)
© K¥(y|<1.0and 1.0 <p; < 5.0 GeV c™)
— GY=464+0.73m!

© % STAR (Au+Au and 20-60% centrality)
O % ALICE (Pb+Pb and 10-50% centrality)

O
L 1 Lol 1 Lol 1 L1

10! 102 10°

[sun (GeV)

Vector mesons may possess

global spin alignment, which can be probed by the
study of daughter’s angle distribution w.r. to the
quantization axis in parent’s rest frames.

Z.T. Liang and X. N. Wang, Phys. Rev. Lett., 94: 102301(2005).

Erratum: [Phys. Rev. Lett., 96: 039901(E) (2006)] 37 38

Z.T. Liang and X. N. Wang, Phys. Lett. B, 629: 20 (2005) 39

Z.T. Liang, J. Phys. G, 34: S323 (2007)

B. Betz, M. Gyulassy, and G. Torrieri, Phys. Rev. C, 76: 044901 (2007) 40

J. H. Gao, S. W. Chen, W. T. Deng et al., Phys. Rev. C, 77: 044902 (2008) 41
F. Becattini, L. P. Csernai, and D. J. Wang, Phys. Rev. C, 88: no. 3, 034905(2013).
Erratum: [Phys. Rev. C, 93: no. 6, 069901(E) (2016)]

Global spin alignment has been measured by STAR,

they show supporting evidence of the influence of
strong force field, the paper has been published in
Nature.

Nature 614, 244 (2023)
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Particle identification

dEdx (GeV/cm)

STAR TPC

L L L l | 1 1 1 I 1 1 L 1

1 2 3
charge x momentum (GeV/c)

mass? (GeV/c?f

o
3

o
e

1.5 2 25 3 35 4 45

momentum (GeV/c)

10°
10°
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Second order event plane

The second event plane is obtained from TPC (for 200GeV data) and flattened by recentering and

shifting (performed every 10 runs).

After the recenter corrected, we get the recenter factors:

Qx=ZW-pT-cos2¢ Qyzzw-pr-sinch

x10°
14—
. 11.35—
Then we do the shift E
1.3 o
— o
i — P = A o ©
20, =205 + ) [— (sin(i2}) ) cos(i2¥}) + (cos(i2W}) ) sin(i203)] 128 o ° 5
. 2 l B 2 2 2 [— ® o o o o g e 0000.090 e o ® o o o ® ° 4 g *
i=1 11.21— o o 5
- o o o
= o © o
11.15— o
= 10 (o]
11.1— 2st order event plane
[ Eventplane
11.05 :— o RawEventplane
:I 1 L L l 1 1 1 L l 1 1 1 L l L 1 1 L l L L 1 ] l L L L 1 l
0 0.5 1 1.5 2 25 3
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Spin alignment

Spin alignment can be determined from
the angular distribution of the decay
products:

d(c6(1)1:9 )—N o X[ (1= g )+ (3pgy —Dcos® 0 |
where Ng is the normalization and 6* is
the angle between the polarization
direction L and the momentum direction
of a daughter particle in the rest frame of
the parent vector meson.

A deviation of pgg from 1/3 signals net
spin alignment.
Phys.Lett.B629,20-26(2005)

Poo=1/3:
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The constrain of parameters:

p® : mass: 0.7-0.8 [1] width: free parameter
fo: mass: 0.98[2] width: free parameter
’: mass: 0.4 -0.8[2] width: 0.1 - 0.8[2]

k?: Gaussian function with mass and width as free parameters [4].

f2: mass 1.275 width 0.185 [3]

w and n : Its function shape comes from Hijing event generator [3].

The results of all cacktail fitting of p° are located at:
https://drupal.star.bnl.gov/STAR/system/files/cacktail fitting rho 20230207.pdf

[1] J. Adams, et al. (STAR Collaboration), Phys. Rev. Lett. 92, 092301 (2004).
[2] https://pdg.Ibl.gov/2020/listings/rpp2020-list-rho-770.pdf

[3] Xiangli Cui, Thesis proceedings.

[4] B. |. Abelev, et al. (STAR Collaboration), Phys. Rev. C 78, 044906 (2008).
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Pion TPC and TOF efficiency of Run 11 (pt > 0.2 GeV/c)

TPC Tracking Efficiency

o © © © © © o o

- N w o - ~ © ©

IlIIIIIIIIIIIIIIIIIIIIIIlIIII|IIII|IIIIIIII||II

o
o

o
»

We obtain the TPC tracking efficiency of pion from embedding data, and TOF efficiency
is obtained from TPC track to TOF hit matching based on real data.

; w&ﬁ;ﬁ%@?ﬁ&ﬁm%w%@%w

s} n* TPC Tracking Efficiency

o n° TPC Tracking Efficiency

TOF Matching Efficiency
N b & 3 N ® @

e
-

IIIIIIIIIIIII

el

L] n* TOF Matching Efficiency

le) n° TOF Matching Efficiency
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The spectrum and v, of p® used as a input in the Pythia6.

>
o
-
o
'Ol_ 1
o
S
Q
=
N
°
10!

e
— Q
- q,
B \Q\
i S
0

3 Y
. \O\
.I...I..1I|1.Il..I.|.I...l..ll.1.l...I:Q~ll
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J. Adams, et al. (STAR Collaboration),
Phys. Rev. Lett. 92, 092301 (2004).
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Prabhat R. Pujahari (for the STAR

collaboration), Nucl. Phys. A 862, 297 (2011).
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Analysis methods

» Particle production in heavy ion collisions with

respect to the reaction plane

. 3 ., 2 s
W (9) X g [( 1+ [)()()) + (]. — 3[)()()) COS™ 9]




Eler’rmn Idpn’rlﬂrafion

2.5

1/B

I - ﬂ > f STAR TOF ]
2 "B .4"‘ : ’ r_ . &Lf. :.:-‘\P

1.5F

momentum (GeV/c)

» First, TOF velocity cut to remove slow hadrons
applying the TOF velocity cut [1/8 — 1] < 0.025
» Second, select high purity electron:
based on the TPC dE/dx (na) cuts

STAR Collaboration, Phys. Rev. C 92, 024912

1 2
momentum (GeV/c)
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Event plane reconstruction

Qncos(nVy,) = Qnz = Z w;cos(ng;),
Qnsin(n¥,) = Qn, = Zwisin(nqﬁi),

v, = (arcta,n g:z> /n,

A. M. Poskanzer and S. A. Voloshin, PRC.58.3(1998)

» The 2nd-order event plane was reconstructed with a

conventional method using charged tracks in the TPC with 0.2
<pT<5GeV/icand |n| <1
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Re SO | U t 10N A. M. Poskanzer and S. A. Voloshin, PRC.58.3(1998)

05 i Isobar |s,, =200 GeV_:

0.4f

resolution

03f ]

L - Full TPC (ran.-sub)
0.2 -

- central peripheral |

01 0 20 60 80

40
Centrality (%)

(coskm (¥ — ¥,)) = %xmexp(—xi/ ) [T -1)/20m/4) + Te1)/2 (X /4)]

» modified Bessel function used to calculate the resolution

» random-sub event are used to calculate the resolution for full TPC event-plane
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Event plane reconstruct

0.6}
0.4}
0.2t

0.6}
0.4}
0.2t

Scaled counts

0.2}

0.6

0.4}
0.2}

0.6}
0.4}
0.2}

0.6}
0.4}

MinBias R} run18 Isobar 200 GeV”_ ::g\-l(v;grl'ﬁter 1t 70-80%
— re-center+shiff
& 1} o ]
TPC East TPC West TPC Full TPC East TPC West TPC Full
60-70% 50-60%
P T Pty Lot SRR, M:ﬂ Lo S ] A '\uf} - SArpfe BT
40-50% 30-40%
~ W | L e S NN PR W’\‘W\[- - %
20-30% 10-20%
5-10% 0-5% .
RPN ; SUMIMUIIRIORE.. £~ SO, T, B e
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Detector non-uniform acceptance
Re-center + shift method are used to flatten the event-plane

ON A. M. Poskanzer and S. A. Voloshin, PRC.58.3(1998)
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Poo analysis

ﬁK’V%‘ Nuclear dN 1 n 2 [2 (d) W )]
an  fragments oC V->COS —_
¢ meson é’ g d (¢ o LPZ) ? ?
i ™ & 5
n éb
5K‘ — /. e . . .
\‘?j e A » The daughter angular distribution

K0 meson @) S i in the parent’s rest frame with

" Nuclear

\ 2
fragments

respect to reaction plane.
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v, of @ (@ — eT e~ channel

E =

- "LNLELEN NLELELELES NLELELELEY BLNLELELE BN

[ AG:0-1/57

——p—r—————r———
¥’Indf: 68.67/56.00
Raw_y:0.604 +/- 0.022 x 10°
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

5

MEFEPE EPEPEPEPS EEPEPETE EPEPETE Y
LI BN N B N a

rf9TfTfTrJrrrry 7=

¥?ndf: 70.64 /56.00
Raw_y:0.606 +/- 0.022 x 10~
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

PEPEFS EPSPEPES EPSPETEr BSrErare |

LA B R LB B B |

—r—r—p———r—r—r
¥indf: 67.26/ 56.00
Raw_y:0.555 +/- 0.021x 10°
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

L

PPN PP P I T

] 1 1
¥Indf: 61.43/56.00
Raw_y:0.525 +/- 0.021x 10
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

¥¥ndf: 80.68 / 56.00
Raw_y:0.541 +/- 0.021x10°
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

G LA LA LA LAY AL LELELEL

Isobar |s_, =200 GeV (0-80%)

p,: 0.6-1.4GeVic

nHit15,dcal

b e +e

b b R RAAAE RAAAY LA

» Event-plane method, signal in different Agp=¢-y, bins.
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v, of @ (@ — eT e~ channel)

X
—

Isobar \'s,, =200 GeV (0-80° Isobar |'s,, =200 GeV (0-809

Scaled counts

p,:0.6-1.4 GeV O >e*+e

v,: 0.061+0.019

|||l||l||||||||||||||||l||l

1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0.4 0.6 0.8

o
o
o

dN

Fitting of (¢ — ¥) with———

resolution

« 1+ 2v,cos(¢ — W) and correct for event plane



v, of w (w = eTe” channel

1 ] 1

indf: 60.72/4600
Raw_y:0440 +- 0029 x10°
Mass: 0.780 +/~ 0.000
Width: 0.018 +/- 0.000

—_—
#indf: 5508/ 46.00
Raw_y:0.501 +- 0.029 x 10°
Mass: 0.780+/-0.000
Width: 0.018 +~0.000

T———

— —
£ indf: 40.70 /4600

Raw_y:0465 +- 0029 x10°

Mass: 0.780 +/~ 0.000
Width: 0.018 +/~ 0.000

wnanez 4
AOTR/5 - 35

y2indf: 70.38 /4600

Raw_y:0439 +- 0028 x10°
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

w2indf: 63.01/46.00
Raw_y:0.404 +/- 0.028 x 10°
Mass: 0.780+/-0.000
Width: 0.018 +/- 0.000

LA LA S

Isobar |s,, = 200 GeV (0-80%)

p:06-14GeVic
-

nHit15.dcat

w e+ e

» Mass fit of the products in different py and different azimuth angles compared to reaction

(w—>efe)

plane
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v, of w (w = eTe™ channel)

X

Isobar |'s,, =200 GeV (0-80°

Isobar |'s,, =200 GeV (0-80°
p,:0.6-1.4 GeV

Scaled counts

0w —o>et+e

T |II I|IIII|]III|IIII|IIII

IIIII|IIII|III[IIII[IIII[|IIII|IIII

V,: 0.054 £ 0.031

o

—I[III|1III|IIII|

1 I | I | | 111
0.4 0.6 0.8

o
oL
o

OrTTT

dN

Fitting of (¢ — ¥) with d(p-¥)

resolution

o« 1+ 2v,cos(¢ — W) and correct for event plane



v, of ¢, w in collision Isobar(Zr+Zr&Ru+Ru)

Isobar |s,, = 200 GeV

—— 0 —>e +¢€

—— o oet+e

o

OrTTTT
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cos@ in Isobar

T
=
1

LI LI L B B B RL LI BN B
¥2ndf: 59.76 / 56.00
Raw y:0.429 +/- 0.023 x 10°
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

LI LI I LI LI I 1 LI I L I LI 1 I LI L
¥&ndf: 63.17 / 56.00
Raw_y:0.482 +/- 0.024 x 10
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

LI L L L L L L e
¥2ndf: 62.52 / 56.00
Raw y:0.510 +/- 0.024 x 10°
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

Illlllllllllllll

Illllll]llllllllll
|IIII|IIIIIIIII|II
IlIIIIIIIIIIIIIIIIIIIIIIIlIIII

23

¥éndf: 78.13/56.00

Raw y:0.570 +/- 0.025 x 10°
Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000

¥2ndf: 76.31/56.00 ¥3ndf: 66.15 / 56.00

Raw y:0.685 +/- 0.026 x 10 Raw y:0.844 +/- 0.026 x 10°
Mass: 1.018 +/- 0.000 Mass: 1.018 +/- 0.000
Width: 0.019 +/- 0.000 Width: 0.019 +/- 0.000

p.:0.6-1.4GeV/c
T

= Iunl

il

0.95 1 1.05 1.1 @8 0.95 1 1.05 1.1

0.95 1 1.05 11 1.15




LI S S S S B N S S S S

cosO@*( w — eTe™)in Isobar

¥&ndf: 37.71/ 46.00
Raw_y:0.396 +/- 0.060 x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

¥éndf: 53.29 / 46.00
Raw_y:0.530 +/- 0.060 x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

b
¥¥ndf: 60.30 / 46.00
Raw y:0.613 +/- 0.061x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

| Ad bin: 1
xlloﬁ?' p—t—t—t—f—t———+
¥2ndf: 58.32 / 46.00
Raw y:0.663 +/- 0.065 x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

¥4/ndf: 43.92/46.00
Raw_y:0.610 +/- 0.063 x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

5 08 085
¥%/ndf: 44.57 / 46.00
Raw y:1.041 +/- 0.066 x 10
Mass: 0.780 +/- 0.000
Width: 0.018 +/- 0.000

p:0.4-14 GeVic
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2nd order TPC EP

TPC Event Plane Cuts (2" order)

Sub-event plane method with n-gap = 0.1.

Apply run-by-run, centrality, and v, wise
re-centering and shift calibrations.

0.15<pT <2 GeV/c
IDCA| <1 cm

No. TPC hits > 15
TPC hit ratio > 0.52
n| <L.5

| 2" Order East EP TPC | underfiow o] | 2" Order West EP TPC | Underflow 0
x10” x10°
E :ll IIIIIIIII IIIIIIII lIllII[ 0veﬁlow o %oo:‘-l Illllllll llllllll IIIII-I’-'I\Ovel'row o
2350 ol - 2 et
o L 4 4 L £ ]
- — RawEP J . 3600: — RawEP i
2500 by Y [ ;
T — ReCenter EP J 5, ] 2800 - ReCenter EP 5‘ =
F — shiftEP i R [ — ShiftEP : 5
2450 :_ j. &; 7] 2600 : _.‘- —
L '; ": :'._ k3
2400 w,w,«*"mwvmggw st M““, 2400 Wﬂ ]
C 5 ] - 3 .
K ¢ ] C ]
2350 7 . 2200(- E
A Fl ] L
L s s i L
23001 7 ] 20000 -, g
L L) 1y J r N 7
F e ; 18001 e ]
2250-1-1111111111 1ol | | 4 o YT T TN W O M O | | |
-1.5 -1 -0.5 0 0.5 1 15 -1.5 -1 -0.5 0 0.5 1 1.5
\!I \ll
2E 2w
0.6 T T | T T T T T | T T T
I & o 146Gevn TPC |
b ®
- - 19.6GeVn  TPC
® ) 1’]sub
. @ _
0.4 °
@ E 4
N —
oc ® ’
| @ |
0.2— N _
®
0 — 1 Il I L 1 I 1 1 Il l 1 1 |
0 20 40 60 80

Sat Jun 24 19:28:13 2023

Centrality (%)




efficiency

= al. plT = 0.4-0.8 GeV/lc -I P, -0812GeVlc -
-4 p,=12-18GeV/c v p =18-24GeVic -
- o p, =2.4-3.0 GeV/c o p,=3.0-42CGeV/ic -
0.4— .
R . . = N S A
[EREEEY CIREEEEEEE heeennnnnnnnny 7 CRSTERRRORRED Aheeeennnnnnnns ECEEEEEEEEEE & oeenneeeeee Ae-eeee]
Y [ SRICIIEERS L JEECELIS e L ERRRLRRLRR |_SERRRLRRS TR
PR — @ i e ff-emnncines @ e l----_

0 | L | |
0 0.2 0.4 0.6 0.8 1

cos(6%)

Efficiency vs. cos(6%)
AuAu 19GeV 20%-60%

Use Pythiab to decay ¢ — KTK~
MC ¢ input flat in rapidity, p; and ¢.

Drop tracks using TPC tracking and ToF
matching efficiency of K* and K ineachn & ¢
bin.

If both kaons pass efficiency cuts, reconstruct
¢ meson.

Fill histogram for RC and MC counts in each
cos(0%*) bin.
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Deriving 4™ Order Acceptance Correction

dN
[d COS H*dﬁ]ml ~ dcos 0*dp xg (6% B).
g(@*,8) =1+ F*cos?*8 + G*cos* 8
14 (4F* + 36*) B (ZF* + 3G~
38 4

3G"

40*
3 COS

) cos? 0* +

cos 2

-— B [F*(1 — cos? 0%) + G*(1 — cos? 6* + cos* 8%)]
G* cos4

s 'B[l—cos2 6* + cos* 6],

fozn dp g(6%,p) = g(0") «x 1+ (4F*;3G*) — (ZF*:BG*) cos® 0* + 3TG*COS4 0.



Deriving 4™ Order Acceptance Correction

dN
Jcos07dF « 1+ A’ cos? 0* + B'sin? 8*' cos 2B’ + C'sin20* cos f’.
dN ] S g BF 36T BG
“ — —_—
d cos 0% 2 4 2
+ _ZA' Fr(1—-A"— B’ G* 3_34° 38 29"
_ ( ) 2" 2 2 )|
+_ F* A’+B’ +G” 3_34 38 *o*
_ 2 2 2 2 )|™
+ -G* 3A’+B’ "
| 2 )| cos .
 A(1+3R) . A(1-R) ~ 3pge— 1

= , B = , A_




Deriving 4™ Order Acceptance Correction

Now let'sset¢G = Oand F* = %’j to recover form of equation from PHYSICAL

REVIEW C 98, 044907 (2018)

[ an ] 2y 244 B +l2A’ 2 L _a_p ] 2w 4 |- —2F A’+B’ 4 g
o' — (1 —= —— (1 -4A"- —— — :
d cos 0*'dp’ - 1+ F( 2) 1+ F( ) |cos 1+F 2 )|

Pull out constant factor 2/(1+F).

W] w1 F=F =2y +F (-4 =B Jcos? 07 + | F (4 + 2| cos* 0
“ o Y - — L]
_dcose*’dﬁ’_|77| ( 2 ( ) Icos 5| €os
an__] 1+B’F+[A’+F B'F Jcos® 6" + A’F+B’F 4+
x — :
d cos 07'dB']|, 2 €03 2 )| €°°

THIS MATCHES THE SECOND ORDER ACCEPTANCE CORRECTION FORMULA
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Analysis strategy

Event level:

Vpdmb-30 (600001, 600011, 600021 and 600031)
|Vr| <2 cm, -35<Vz< 25 cm, and |V/?¢ - V)P | <3 cm
Bad run rejected, bad run index in backup slides

Track quality cuts
nHitsFit > 20 nHitsFit/nHitsPoss > 0.52 ln| < 1.0
nHitsDedx > 15 dca<1.0cm

Electron identification: ~0.75 < no, < 2.0

p<08 3xp—3/15<n0, <20 Only TOF |1 -1/5] <0.025
|1—1/p] <0.025
=1.2Hg <20
prs | pr>1  OnlyBEMC 05 <E/p< L5
p>0.8 —=0do<ne, <20

QoS Elp S s
|1 =1ip]| <0025
—=1.5 S me, < 20

11— 1/8] <0.025 TOF &BEMC
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TPC event-plane reconstruction

2nd order event plane reconstruction:

0.4 < pr <3GeVlc

nHitsFit > 15

nHitsFit/nHitsPoss > 0.52
deca <1
(5 < <5

—_
o
-4 W

6000 %+

5000

4000

3000

Counts

— raw

2000

—— recenter

1000
— shift

||I||||||||I||||||II|I||I|I|
II]I[IIIIII]II'III|IIII|IIII

o e by vy e b ey by |
0.5 1 15 2 2.5 3

TPC event-plane ¥, (rad)

OO

Electron/positron that can be paired
within the mass region of (2.8 - 3.25)
has been excluded from event-plane
reconstruction

Recentering:

* Correct azimuthally TPC non-uniform

* Corrected in each run, and centrality
with vz > 0 and vz <0 case
respectively

Shift:

To remove higher order harmonics
contribution. Up to 10th oder in the
analysis
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Yield

Yield

Yield in different pT range

F Cent.: 0% - 80%
2100 ;
E Ojsp::_w<l.0 ,_{__
- 4
2000E= jobs.g.16 + 0.03 4
- 00 .
1900 | ,"
1800 .
= L4
- .
- ’
1700~ 3%
E .
F e
1600 | s
1500 B
fr sz 2 l
1400 +
1300
SRR RN T (NN SN TR TN AN ST SN SN NN N S S (T T SN S N
0.2 0.4 0.6 0.8 1
Icos(6)!
ssol. Cent:: 0% - 80% o
- Jy
[ 25 spT“<4.o +
R
o obs
[ p:0.04 = 0.04
2000~ Pyq '—+7‘
)
- 4
L. .
1800~ o
B 4
L R
.
L .
1600|— .
- "
E >, +
1400 a { . -
12004

Yield

Yield

5000~ Cent.: 0% - 80% ot
e 3/ ‘.
4800 1.0 <p V<25 +
s600f- P*:0.14 = 0.02 .
- 00 o
: ‘.
4400 7
o .
F .
4200 o
E .
F .
4000 »¢
- 4
E o2
3800 P
£ 5
3600 s
E Jees
3400 .-
k- l +
3200
NEETRTEN GETNFTTIN UL EFUTSNT RO S
0 0.2 0.4 0.6 0.8 1
Icos(0)!
[ Cent.: 0% - 80% 7
o .
600~ 40 spi"‘ <60
[ p™:0.11 =0.06
550 0
500~
B .
1 1 L 1 | VIR BT
0 0.2 0.4 0.6 0.8 1.
Icos(0)!

Significant spin alignment
signal up to 6 GeV/c in
0-80% centrality range.
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- 6000
5500
5000
4500

4000

950

pT integral yield at different centralit

LI TN WL B L B L B N

Cent.: 0% - 20% &
03 sp" <6. +

p°>*:0.06 = 0.03
00

&
¥

3500
I L 1 | [
0 0.2 0.4 0.6 0 1.
Icos(0)!
; 1000
H [ Cent.: 40% - 60%
r iy
o 3 <P; <6.

900

850

800

750

o

LI B e

PRI BT T SN N SRUR SN [ SN N R R

0.2 0.4 0.6 0.8 .
Icos(6)!

[ Cent.:20% - 40% ;
2800 *
- 03 sp¥<6. +
Ep™n0.11 = 0.03
2600 00 ] X
: ,
- ’
2400 a
- 'l
2200 +
r %
2000 I
1800~ """~ |
e e b e B e b b e L
0 0.2 0.4 06 0.8 1 .
Icos(®)!
z -
2 320 Cent.: 60% - 80%
300:_ 3 Sp¥‘p<6.
5,0.57 = 0.06
280~ [
20F  Tee..
r
240 x
220 &
200~ S8
C s,
180
r i
160 st
RS T ST T SN (N SN SR TN TSN SN S RN SNL S
0.2 0.4 0.6 0.8 1.,
Icos(6 )1

Significant spin alignment signals.
Very different trend over centrality
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Summary

> Very clear spin alignment signals but more check is needed
~ Use EPD event plane and ZDC event plane for non-flow correlations check
~ Does BEMC affect the signal? minimum energy deposition

~ Corrections
- Efficiency and Acceptance correction

~ Kinematics correction: positron at J/y rest frame for and EP at Lab frame

~ Event plane resolution (1st order and 2nd order ) correction is need to
get final py,

[ T T T T T
0.9F —

° o
~ @
TTT |I
Lol

o
=]
T T
|

A é 1 4 obs—2nd _ 1

e —— E Poo — g = T3R21(p00 5)

+

event plane resolution
o o
W wm
| |
|

Al 5
N
T TTTT
|

PRC 98, 044907 (2018)

°
I
|
|

(=)
]

0-5% 510% 10-20% 20-30% 30-40% 40-50% 50-60% 60-70% 70-80%

Centrality
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Single electron efficiency Einbedding dats

; F nHitsFit : rc GeV
TPC Nrc(nHltSFltZZO & >0.52 &nHitsDedx=15 &dcas<1 & |n|<1 & 0.2<p} <30—)
€ e nHitsPoss c
e
Ninc (Ins1))
11 hNumEff_Pos_AllCent
' Entries 1000
B Mean 5.125 1: 1:
105 Stbev  2828| | o.F Electron 0_95; Electron
> 1 0of 0-5<EJp <1.5 8&E0/p>0 0of- Mateh Efficiency
e T - [
[ - = E
©0.95— 20.85 A B N N 2085
S - o E00000000000000000000000000000000000 g - /ﬁ g 0.8F-
2 ol Cagem?™ gos- g of
£ 09 Ogo~ = r e -
3 F Horsk Sorsf- .I
50485:— %07’; %07? :
= = = F H
= 0.8 Eo.es} #2065~ &
0755_ 0.65— ’ 0.62— f
- 0.55[ 055 3
0.7 1 L1 | | | L | Lo baa g laaig = [ :
0 1 2 5 6 7 & 8 9 10 05— | | | ol b bv s b v a bv g 0.5*\\|||w\|||m|||H|||H|||||z\|||m|||H|||H|||\z
p.(GeV/c) ~0 1 4 5 6 9 10 0 1 2 3 4 5 6 7 8 9 10
! P, (GeV/o) b, (GeV/c)

We obtain the TPC tracking and BEMC efficiency of electrons from embedding data.
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TOF etficiency

Counts

x10° hTOFMassULKNeg
— a Entries 8.258753e+09
3 .s Mean 0.02467
e it Std Dev 0.02071
25 : —— like-sign
B —— Unlike-sign
2— )
15 O ' Electron efficiency
E g S/B=47.64
i= “ . Range of mass= [0, 0.015] GeV/c’
0.5— — AT N——
0 M—l e Ly v e b e by b e by gy
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Mass(GeV/c?)

» The pure electron sample 1s from photon

Conversion (Mass<0.005 GeV/c?).

1.2

©
Illlll|II|I||||II|I|IIII||III|I|I|

Efficien
=
[0 +]

TOF Match e Comparison
Centrality: [0-80%)

+
-...4++++ *

07— »
®
0.6
0'5llIIIllllIllll[llllIIllllllllllllllllllllllllllll
0 05 1 15 2 25 3 35 4 45 5

P, (GeV/e)

- Beta e Comparison
0-99F- Fit to Dan 0.973258+0.000041
0.98 Fit to Kai 0.973366+0.00007
n 'S
097 * ; + +|;
9,96
o
8
g o5F-
=
.04
0.93
0.921-
0.91
0.9:111lIllIlIIlIlIIlllllllI
0 0.5 1 15 2 25
p (GeV/c)

» We obtain the TOF efficiency of electrons from real data.
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noy efficiency

= =
E ey 2
0.95— 0.95—
0.95— ..o. 0of- .
Y P i » The pure electron sample 1s from photon
§ 08F- ® § osfF- ’"’M.—!—‘.,‘
-3 " -3 '
W e B Conversion (Mass<0.005 GeV/c?).
o E o Rl =
=o.esé— S o6sE-
0:: pT<1 + only TOF D:: only BMEC . 3
S s N » We obtain the TOF tracking of electrons
T T - B T T I -
B {(Gevie) P (GeVio from real data.
3Xp-3.15< nog <2.
E p<=0.8
0.95F- |1-1/B] < 0.025
o_gi— W =1
>0.855—
g‘ 0_85_ m— -0.75<ngg <2. |1-1/B] <0.025
§0.75§—
EOZE - onlyTOF -0.75<n0g <2. |1-1/B] <0.025
0,65—
1ok TOF & BMEC
CE o fpe > ] onlyeemc | -1.< nag <. 5< E0/p <1.5
0'50 0.5 1 15 2 25 3
p (GeV/c)
-1.5<noz <2. |1-1/B| <0.025
| TOF & BEMC
0.5< Ey/p<1.5
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