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Spin polarization of
Lambda hyperons

« Lambdas preferentially emit
positively charged daughters -

*
along the direction of their Sa 0% 7,
sSpin P+

dN

ToF = 1+ apPpcosB*

(“*” indicates the Lambda rest .

frame) Po-
(ap = 0.732)
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Measuring Logp

J. Adams et al., Nucl. Instrum. Meth. A 968, 163970
(2020), arXiv:1912.05243 [physics.ins-det)].

« The EPD has far

more coverage
than the BBC

East EPD hits rotated by
W1, EPD West

https://drupal.star.bnl.gov/STAR/blog/lisa/subtle-
flow-and-anti-flow-patterns-visible-epd-auau-27-gev
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Measuring Logp

« The EPD has far
more coverage
than the BBC

VSNN = 27 GeV

B.' 0.045—
I 6.035*
g 0.02%—
([) 0.015—
o o=
8 —0.015—

—0.02}

East EPD hits rotated by -
W1 EPD West L X

https://drupal.star.bnl.gov/STAR/blog/lisa/subtle- -15 -10 - 0 5 10 X ((;En)
flow-and-anti-flow-patterns-visible-epd-auau-27-gev
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Measuring Lambda SEI i S S

° °
Polarization o 0 Rencrsaors
0 Figure Updated March 2021
4 to use PDG 2020 value o, =0.732

The measured ¥, T %&i%*:f % J%

differs from ¥ rp

1 1 e T W
a RD) (S (Y1 = @54))

Lambdas do not emit their Correlates angular
positive daughters exactly along momentum of the

the direction of their spins system (J sy s) with
the orientation of the

Lambda’s spin
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A new method for the
fixed-target setup

* Observed polarization is expected to
follow

F3\l)s(rrlz'n1/.) —
—“bkgd j 7SI
fbkgd(minu.)PA 7 + fSlg(minv.)PAg
* In our case, due to very low background, this is
dominated by P ilg

» Instead, P9"5(m;,,.) in fixed target mode

is more sharply peaked near m"P¢ and it
dips on the sides mass peak
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The cause

* The width of the m;,, distribution
depends on the daughter’s azimuthal
emission angle relative to the A

(@A — @,; “*” denotes A frame). We

call this the “azimuthal emission
efficiency” (AEE)

« Let’s first consider the two cases @ 5 —
9,>mand o — @, <@
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 The width of the m;,, distribution 3 E
depends on the daughter’s azimuthal | - E
emission angle relative to the A ook E
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((pl/l‘ h(pp’h denOt%S 1/1 frame)' We 0306 1108 1.1 fA12 1114 1416 1118 \\2 1122 T.124
call this the “azimuthal emission ) \ m,,, (GeV)
efficiency” (AEE) Y / Y
 Let’s first consider the two cases ¢ 5 — P, Bl
p,>mand o, — @, <1 — ®
« We see the same etfect more clearly 2 3 | /N
in embedded As where there is no / R Pp
background; this is obviously a X | X

reconstruction effect
« Data provided by Yue-Hang Leung
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Embedded
Lambdas

7000

The cause
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« The center of the mass peak is
dominated by ¢ o — ¢}, >  and sides

are dominated by ¢, — ¢, < & 0
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The cause

* The center of the mass peak is
dominated by ¢ , — ¢’ p > H and sides

are dominated by ¢ 5, — @’ p < I
 Due to A directed flow, ¥, and ¢ 5
are correlated (in fixed-target mode,
we are dominated by As with v; > 0)
» P 4 measured using (sin (¥ — cpp))
will therefore depend on ¢ 5, — . b
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The cause 2

* The center of the mass peak is
dominated by ¢ , — ¢’ p > H and sides

are dominated by ¢, — @ p < I

 Due to A directed flow, ¥, and ¢ 5
are correlated (in fixed-target mode,
we are dominated by As with v; > 0)

+ P , measured using (sin (¥ — pr)>

will therefore depend on @ 5 — @ 5

and is in turn enhanced near the
center of the mass peak and
suppressed on the sides

-0.02

Dominant on sides
of mass peak

Dominant at center
of mass peak

(sin(¥1 —@,)y <0

(sin(¥'1 - ¢,)) >0




The cause

- Embedded As have P, = 0 and 0.2
vy =0 by default -0.03

2 November 2021

e ]
| T
0.01 JTJT JT

OE 2 0 02 04 06 08
Embedded

Lambdas Y+|ybeam|
pi [.7 ! | ‘ i  m— ! —
j— ‘“j 1 P,=-0.19 |
£ . | +1.53% |-
~ 005 | =
| :
- Jrl | HLP T | -
~0.05[ i —
01— | —
[ ! ‘ ; ‘ | ]
1.11 1.12 m (GeV)

Joey Adams, for the STAR Collaboration - Chirality, Vorticity and Magnetic Field in Heavy lon Collisions

14



The cause

- Embedded As have P, = 0 and
v1 = 0 by default

* When imposing a non-zero vy, we
see the same m;,, -dependent P 5
and we measure a false, non-zero
P4

2 November 2021

(sin(¥:9))

EP

0.1

0.05

-0.05

-0.1

04— I -

: -k

03 —-—

L o _

- — .

0.2 —— ]

- . _

N == ]

0.1 e 7

- L -

- —— -

Oj — -

2 er -

—017:’_ | | | ! | | —:

04 02 0 02 04 06 08 1

Embedded

Lambdas Y+|ybeam|
| ‘ [ }\ \_ [ [ | 1]
= | Pp=1.42 |-
i % +1.85% =
: Lyt :
i T Tt } {+% =
- L ] | n
1.11 1.12 m (GeV)

15

Joey Adams, for the STAR Collaboration - Chirality, Vorticity and Magnetic Field in Heavy lon Collisions



The cause

- Embedded As have P, = 0 and
v1 = 0 by default

* When imposing a non-zero vy, we
see the same m;,, -dependent P 5
and we measure a false, non-zero

P A

« The current method for measuring

P , is invalid

2 November 2021
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The cause

- Embedded As have P, = 0 and
v1 = 0 by default

« When imposing a non-zero vy, we
see the same m;,, -dependent P 4
and we measure a false, non-zero
P4

« The current method for measuring
P , is invalid

« This does not invalidate previous
results in collider mode where v, is

small and acceptance is close to
symmetric about mid rapidity

Phys. Rev. C 98, 014910 (2018)
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The solution

* Since this effect comes from the
Minu. distribution’s dependence

on @ — cpp, if We look at thin

slicesin @ 5 — cp the invariant-
mass method Works as expected

2 November 2021
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The solution

9) S R

A 0.4F _‘_ Real | 3

PRy . T - Lambdas | 1

» Since this effect comes from the 9‘ 0'3% :

m;,, distribution’s dependence ~ 0.2} 5

on @, — @,, if we look at thin % 0.1 E

slices in @ , — @, the invariant- ®m O E

mass method works as expected AL E

« The extracted signals are then " °F E

plotted against ¢ , — ¢, and co[S-3F ; E

follow a sine curve Bt TRV T TR T TP TP
 vq drives the correlation between o 1 2 3 4 5 6

Y, and @, .

P9,
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The solution

I1|III1|IIII[[II

Embedded
Lambdas

« Again using embedded Lambdas, S 04
imposing non-zero v; but leaving ~ 0.0
P 4 =0, we see the same =
sinusoidal behavior =

A4

II|III|II[|f[f
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The solution

!IIII IIIIIIIIIIII IIIII|[III!III

0.5F Embedded | -
Lambdas

« Again using embedded Lambdas, L :
imposing non-zero v; but leaving - I ;
P, =0, we see the same % 0.45 :

N
V

sinusoidal behavior

- If we instead impose non-zero : :
P 5, but leave vy =0, we see P , o - :
Vs. @ o — @, consistent with flat oz F 3

= i X
0.25 :
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The solution

 We then assume true
polarization of the form:

8

o . K sig. _ Pptrue . K
TaRL (sin(¥1 — @,)) P> +cvysin(pa — @),)

2 November 2021
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The solution

« We then assume true %A bt
polarization of the form: S
8 1 9

maRL, (sin (¥, — cn,,)) =PYte +cvysin(@a —9,) 57 0.6

S 04

» Now we impose v, and P%"° = O s
40%. Assuming the form above, —|
we extract P "¢ and find it to be T
consistent with the input 0|2 02

0.4

2 November 2021
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Lambdas
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The solution

 We then assume true
polarization of the form:

3
Toa R1
Ia REP

» Now we impose v, and P%"°

40%. Assuming the form above,
we extract P "¢ and find it to be

consistent with the input

« Using this method on 2018 27

GeV data set yields the same

result as previously found and

shown at Quark Matter

2 November 2021 Joey Adams, for the STAR Collaboration - Chirality, Vorticity and Magnetic Field in Heavy Ion@oﬁGeV)
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Further comments on this method

- This method is crucial for « This method removes any
measuring P , when: contributions of production-
. v, is non-negligible plane polarization to the result;
. acceptance is not symmetric about our result is entirely vorticity
mid rapidity driven
- comparing P4 to Py - This is actually desireable as it
- measuring rapidity dependence of makes the comparison to theory
P, curves (which don’t include
v , production-plane polarization) more
- We will implement this method meaningful as well as comparisons
for measuring P 4 7 at /SNN = to collider-mode data

19.6 GeV



Systematic uncertainties

 We have contributions from the following:
« Uncertainty on the corrective efficiency term Ay (*)

« Statistical uncertainty on the corrective decay parameter a 5

« Statistical uncertainty on the corrective ¥, resolution term R](;I),

- Uncertainty of the dependence of ?lj‘gd' on Mipy.

- We add the differences between the P , measurements using the
“standard” correction values and the adjusted correction values in
quadrature, with respect to each differential variable

 We searched extensively for systematic mistakes, and adjusted the
method when required

(*) B. L Abelev et al. (STAR), Phys. Rev. C 76, 024915
(2007), [Erratum: Phys.Rev.C 95, 039906 (2017)],
arXiv:0705.1691 [nucl-ex].



° ° ;\-0\ = m —
N A A
Model predictions ¢
* *  STAR
o m o ALICE
 In general, previous results i T
have been reproduced. well by Average of Aand &
a number of models with 4 —— hydrodynamics
. . . parton cascade (AMPT)
differing underlying i hadron cascade (UrQMD)
- 3-fluid dynami
assumptlons 2_ chirL;I ki:et?c >
of- " ..
1 L1 11 iI 1 1 1 L1 1 III 1 1 1 L1 1 III 1 1 1 1
10 10 10°

(s (GeV)

F. Becattini and M. A. Lisa, Ann. Rev. Nucl. Part. Sci.
70, 395 (2020), arXiv:2003.03640 |[nucl-ex].
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Model predictions

- In general, previous results
have been reproduced well by
a number of models with
differing underlying
assumptions

» Several new papers study P 4

at low v SNN

2 November 2021

o
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ol
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A A
* * STAR
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scaled using o,=0.75

Average of A and A
— hydrodynamics
parton cascade (AMPT)
hadron cascade (UrQMD)
— 3-fluid dynamics
chiral kinetic

&

]
[
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10°
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F. Becattini and M. A. Lisa, Ann. Rev. Nucl. Part. Sci.
70, 395 (2020), arXiv:2003.03640 [nucl-ex].
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Model predictions

- In general, previous results
have been reproduced well by

a number of models with =
differing underlying o
assumptions
» Several new papers study P 5 ' AurAu (b =2-8 fm)
at low W/SNN ‘::rpc;f‘»séz\éer EoS ‘: ;2.&':
* 3-Fluid Dynamics T e s

2 November 2021

2 4 6
VSNN [GEV]

8 10

arXiv:2012.07597 [nucl-th].

Y. B. Ivanov, Phys. Rev. C 103, L031903 (2021),
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Model predictions

- In general, previous results
have been reproduced well by
a number of models with
differing underlying

assumptions

» Several new papers study P 4

at low v SNN

e 3-Fluid Dynamics

« AMPT

2 November 2021

Joey Adams, for the STAR Collaboration -
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Y. Guo, J. Liao, E. Wang, H. Xing, and H. Zhang, Lo-
cating the most vortical fluid in nuclear collisions with
beam energy scan (2021), arXiv:2105.13481 [nucl-th].
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Model predictions

- In general, previous results
have been reproduced well by
a number of models with
differing underlying
assumptions

» Several new papers study P 4
at low v SNN
e 3-Fluid Dynamics
« AMPT
« UrQMD

 Prediction of P 4, unclear
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= .
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X.-G. Deng, X.-G. Huang, Y.-G. Ma, and S. Zhang, Phys.

Rev. C 101, 064908 (2020), arXiv:2001.01371 [nucl-th].
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vicinity of ,/syn = 3 GeV
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J — 12_
STAR’S measurementx |

P , alongside previous publications
demonstrates extended trend of

falling P o w.rt /SN
« P, at./syn =3 GeV is the largest
yet observed, with significance 6o

* Huge w is present in heavy-ion
collisions

« AMPT underestimates the data at low

energy, while rough agreement with
3FD is shown

» Suggests w is affected strongly by the
state of the system, which is a hadron
gas at lower energies and fluid-like at
higher energies; both support w

= 10

m 3FD |
2z AMPT 7
------- Chiral Kinetic ]
— = UrQMD+vHLLE

scaled using ap = 0.732

A

STAR 20-50% Au+Au, 2021 | -
% STAR 20-50% Au+Au, '07-'18 | ]
O ALICE 15-50% Pb+Pb

A
*
*

O

| L I L1 3 a9l L 1 TR |

10! 102 103

VN (GeV)

M. S. Abdallah et al. Global A-hyperon polarization in
Au+Au collisions at /sy = 3 GeV. 7 2021.

arXiv:2108.00044 [nucl-ex]
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Centrality 1

g _ STAR Au+Au, /sy = 3 GeV _
dependence = 0TGN B _
- ap = 0.732
« 3FD and AMPT each i L
. . . T . 8 I 3F'D .
predict rising P 4 with ; |
collision centralty al :
* Observation consistent _
with phenomenon driven r ]
by angular momentum :
2 |
0 .

0 10 20 30 10 50
Centrality (%)

M. S. Abdallah et al. Global A-hyperon polarization in
Au+Au collisions at +/syny = 3 GeV. 7 2021.

arxXiv:2108.00044 [nucl-ex]
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Centrality

g 2.5 - - £ 1= STARAu+Au s, =200 GeV
-~ AutAuat Syn=27GeV | o o B e
dependence Q_.m - 04<pr<36GeVic in<1 ] L R - - a
2 - STAR preliminary EH = o {

- 3FD and AMPT each LsE : . | &
predict rising P 4 with - 1T i {
collision centralty .s E % [/ f

. . 3 % & \. HA%

» Observation consistent oy © L
with phenomenon driven ] —— .
by angular momentum 0710 20 30 40 50 60 70 80 — e

« Such dependence also Centrality [%) Centralicy el

seen in preViOU_S St]_]_dj_es Joseph R. Adams. Differential measurements of lambda

polarization in au+au collisions and a search for the mag-
netic field by star. Nuclear Physics A, 1005:121864, 2021.

Jaroslav Adam et al. Global polarization of A hyperons
in Au+Au collisions at /5,y = 200 GeV. Phys. Rev. C,
98:014910, 2018. arXiv:1805.04400 [nucl-ex]
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pt dependence < 5f
« AMPT predicts weak o B
dependence on S i~
transverse momentum pT Z T
 No observed pt yJ S p
dependence at VSNN = 3 —— S
GeV 1STARA Au, /snx = 3 GeV
« At hlgher PT than what is L 0-50% ceun—‘ic_raﬁ"cy, il\(I)l~q2_< Y <el
statistically accessible, one O e o 0
might expect a supression
of FA due to hard 0.6 0.8 1 1.2 1.4 1.6 1.8 2
processes pr (GeV/c)

M. S. Abdallah et al. Global A-hyperon polarization in
Au+Au collisions at /sy = 3 GeV. 7 2021.

arXiv:2108.00044 [nucl-ex]
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23\? 145 = X | STARAu+Au s, =200 GeV
- 190 = am 1 20%-60%, m|<1
pT dependence D-‘ lf— i —f I & hydro, primary A
- il " —UrQMD IC
0.8— & g= A - - -Glauber+ti
+ AMPT predicts weak ra T TR h e |
dependence on 045 LI = |
transverse momentum pr 025" A= |
A —— .
° - Au+Au at =27 GeV ] I
d_NO obilerved ﬁ):T 3 —0.21 é%g&ac?mw, < = e T § B
ependence at ,/SnN = —0.4F- STAR preliminary |/ —
GeV 05 1 15 2 25 3 0 i 2 3 i
P, [GeV/c]
« At higher pt than what is P (GeV)

St(titIStlcally acce581ble, .one Joseph R. Adams. Differential measurements of lambda
mlght eXpeCt da supression polarization in au+au collisions and a search for the mag-
of PA due to hard netic field by star. Nuclear Physics A, 1005:121864, 2021.

processes

Jaroslav Adam et al. Global polarization of A hyperons

o SU.Ch laCk Of dependence in Au+Au collisions at /s, = 200 GeV. Phys. Rev. C,

. . . 98:014910, 2018. arXiv:1805.04400 [nucl-ex]
again seen in previous '
studies
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y dependence

« Many models predict
strong dependence on
rapidity y
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y dependence

« Many models predict
strong dependence on

rapidity y
« AMPT

2 November 2021

—~ 2
=2
"
>

1

| AutAu [1 STAR 200 GeV (20-60%)

— — 196 GeV (20-50%)
— — 624 GeV (20-50%)
— — 200 GeV (20-50%)

7 N 7
e N
s N
s - SIS N AN
7 ’I ""b\ N ]
/’ -~
J--"0 L] ooy

—— b=7fm |n|<4
—— b=7fm |n|<1
—— b=9fm |n|<4
—— b=9fm |n|<1

Time (fm/c)

D.-X. Wei, W.-T. Deng, and X.-G. Huang, Phys. Rev. C
99, 014905 (2019), arXiv:1810.00151 [nucl-th].

Y. Jiang, Z.-W. Lin, and J. Liao, Phys. Rev. C 94, 044910
(2016), [Erratum: Phys.Rev.C 95, 049904(E) (2017)],
arXiv:1602.06580 |[hep-ph].
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y dependence

« Many models predict
strong dependence on
rapidity y

« AMPT
 Viscous hydro

15

1.0

Py(=Py) [%]

-« thermal vorticity
+ Kinematic vorticity
- T—VOI'tiCity

+ hon-relativistic

H.-Z. Wu, L.-G. Pang, X.-G. Huang, and Q. Wang, Phys.
Rev. Research. 1, 033058 (2019), arXiv:1906.09385 [nucl-
th].

2 November 2021 Joey Adams, for the STAR Collaboration - Chirality, Vorticity and Magnetic Field in Heavy lon Collisions




y dependence 0.08

« Many models predict
strong dependence on

rapidity y
« AMPT

 Viscous hydro

. HIJING

2 November 2021

—— 200GeV -
----- 546GeV
=04fm / | \-- 900GeV

010

(-wy) (fm™)
o o
R 8 ¢
£
¥
&

0.02

ﬁénergy flow

2 0 12

W.-T. Deng and X.-G. Huang, Phys. Rev. C 93, 064907
(2016), arXiv:1603.06117 [nucl-th].
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y dependence

« Many models predict
strong dependence on
rapidity y

« AMPT
 Viscous hydro
. HIJING

« Geometric with different
assumptions

2 November 2021
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th].

Z.-T. Liang, J. Song, I. Upsal, Q. Wang, and Z.-B. Xu,
Chin. Phys. C 45, 014102 (2021), arXiv:1912.10223 [nucl-
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y dependence

« Many models predict
strong dependence on
rapidity y

« AMPT

Viscous hydro

HIJING

Geometric with different
assumptions

And more!
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th].

Z.-T. Liang, J. Song, I. Upsal, Q. Wang, and Z.-B. Xu,
Chin. Phys. C 45, 014102 (2021), arXiv:1912.10223 [nucl-
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y dependence

« Many models predict
strong dependence on

rapidity y
« AMPT

 Viscous hydro
« HIJING

assumptions
« And more!

 Most models predict
more dramatic behavior

at lower /sy

2 November 2021

Geometric with different
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Z.-T. Liang, J. Song, I. Upsal, Q. Wang, and Z.-B. Xu,
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§ 1.4 ;_ _; B-EI ~ STAR Au+Au \s,, = 200 GeV
m 12 A% T 20%-60%, 0.5<p_<6 Gevic
y dependence = I El
- . * A
0.8— % H % % WL — -
. - - L
« Many models predict 0.6 ErT
strong dependence on et~ = : @ ; @
. 2 0.21- = . |
rapldlty y oF £ - I'{I %
« AMPT —  Au+Au at /5yy = 27 GeV — i
. —0.2 — 15-75% centrality, 0.4 < pr < 3 GeV/c —] B s s e R B S M M i 0
° V]_SCO'u_S hydro 04 :_ STAR preliminary _: |
 HIJING S S B e e
+ Geometric with differen n :
assumptions
« And more! Joseph R. Adams. Differential measurements of lambda
) polarization in au+au collisions and a search for the mag-
e Most models pred_ict netic field by star. Nuclear Physics A, 1005:121864, 2021.
more dI‘amatiC behaViOI‘ Jaroslav Adam et al. Global polarization of A hyperons
in Au+Au collisions at ,/s = 200 GeV. Phys. Rev. C,
at lower \/snn 08:014910, 2018,  arXiv:1805.04400 [nucl-ex]

« Previous studies saw no
such dependence

2 November 2021
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g 1'4;_ _;BEI " STARAU+AU |[sy,, = 200 GeV
== L2 % T 20%-60%, 0.5<p_<6 GeVie
y dependence ~ - ER |
- . * A
0.8— —] -
: : - % H % % jL s L %%
- Previous studies were 0.6 WL ER
limited by acceptance ekl E : ; @
« Asat|y|=|n>1 0'25_ E i Iil @
inaccessible O mrmuat o zroey E -
—0.2 — 15-75% centrality, 0.4 < pr < 3 GeV/c —] B s s e R B S M M i 0
° —_ — STAR preliminary - |
A_t\/SNN. 3_Gthhey 04 S | 3 | | |
distribution is narrow 1 05 0 05 1 w8 o 0 ;
enough that even the n
most forward AS are Joseph R. Adams. Differential measurements of lambda
reconstructed polarization in au+au collisions and a search for the mag-
netic field by star. Nuclear Physics A, 1005:121864, 2021.

2 November 2021

Jaroslav Adam et al. Global polarization of A hyperons
in Au+Au collisions at /5,y = 200 GeV. Phys. Rev. C,
98:014910, 2018.
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~—~ 5L B
== [
y dependence = |
. . [aE l
* Previous studies were | —He—
limited by acceptance | _
+ Asat|y| = n|> 1 o T T
inaccessible ; ]
° At /SNN = 3 Gev the y 1; i
distribution is narrow | STAR Au+Au, \/sny = 3 GeV f
enough that even the o [ 0-50% centrality, o 0.7GeV/e o]
B 8 = . 4
most forward As are T s T T T PR T,
reconstructed —02 0020406 08

« Still, no observed

dependence on y
« The STAR forward Upgrade M. S. Abdallah et al. Global A-hyperon polarization in

: . Au+Au collisions at \/snn = 3 GeV. 7 2021.
will provide valuable e T VA -
. arXiv:2108.00044 [nucl-ex]
supplemental studies
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y dependence

 Presumed y dependence sometimes
used as an explanation for the

dependence of P 4 on /SnN

« After all, system angular momentum
increases with ,/syn and therefore so
should P 4

» Very recent study shows such
dependence due at least in part to
initial-state fluctuations

Joseph R. Adams and Michael A. Lisa. Decorrelation of

participant and spectator angular momenta in heavy-ion
collisions. 9 2021. arXiv:2109.14726.

2 November 2021
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Summary

- A generalized invariant-mass method is introduced which is essential
for STAR’s fixed-target measurements of P 5

« This does not invalidate previous studies in collider mode where v, is
small and acceptance is symmetric in rapidity

« Measurement of P 4, at ./syn = 3 GeV is largest and most-significant
yet observed

» Measurement of P 4, vs. pt and centrality are consistent with models,
expectations, and previous measurements

» Measurement of P 4 vs. y is valuable at this collision energy due to
acceptance of most-forward A
« No dependence seen, despite predictions from a wide variety of models!
« STAR forward upgrade will provide crucial follow-up studies!
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Trigger etficiency corr.
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- Zachary Sweger’s study at o b
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FXTMult Multiplicity
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A correction

« Recall the polarization definition
 Which, upon integration, yields

- Assuming a perfect detector, we get
« Without that assumption, we have

1

TOH T

(sin ((b; — "I‘R_P)> = — m Py (pfl,’r,lﬂ)

— — sin @ cos [Q(tji')H - @;’;H Pﬁf) (Pt ;

dN

T ~ 1 -|-‘3(_}5H Py cosf” , (1)
Py = — {(cos@*) . (2)
Qp
& 5. 7.
Py = . (sin (@p = II‘RP)) . (3)

2

il e H
= )

2
= Ao(p®,n™) Py (pH, ™) — Ax(p®, 9™y PP (pH, 0™,

where functions Ag(pH,n*?) and As(p, 1y
detector acceptance according to equations:

- 4
H _H i
Agilps . ) = — sin o

2

H )

(9)

are defined by the average of sin@ and sin @ cos [2(¢m — ¢3)| over

]

3| e

A (p;[f ) 'T}H) — =

2 November 2021

— sin 6 cos 2(¢n — fb;)}

| SW)

7

dQ; d@H

J 4Am 27

A (pu,p;)siné;,.

4T 21
(J{Q* 'd(bff i ) i . i
- A (pu.p;)sin @ cos [2(pg — ¢7)].
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A correction

« Ay depends on m;,, as well as
each differential variable, and
we correct accordingly

—1.12
1.1

1.08
1.06
1.04
1.02

0.98
0.96

1105 111 1415 112 1125 113

m._, (GeV)
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£ correction

- Using 1M embedded As, we KFParticle
extract e(pr, y)

= 0.35
- Embedding sample provided by (3 -
Yue-Hang Leung Z,_ 0'25
e ¢ (pr,y)isused as a 0o
weight when filling P 4 L 55
profile histograms 0'1
- This needs to be calculated Lo
separately for every method
when searching for :
systematic mistakes with y-y
APA beam

2 November 2021 Joey Adams, for the STAR Collaboration - Chirality, Vorticity and Magnetic Field in Heavy lon Collisions 54
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qul, EPD, BsTAR

. E)STAR causes charged-track
rotation, an effect for which the

TPC can correct when
calculating ¥'; through tracking

 The EPD cannot know ¢pca and
therefore suffers a rotation AV ¢;
this is especially pronounced at
low energies where produced
particles are mostly positively
charged

* When calculating ¥ gpp, we
must correct for this effect

correc.

Phase of cosine fit, shifted by &

# Events
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Centrality = 27.50%, TPC Subevent = 2

<10° X2/ ndf 2110/ 253
: B sol T T TN Soones0s s 1stent:
New centrality cut Ca SR
w
« When correcting for this effect, 200 E
we see a dependence of the 5000}~ .
correction on centrality, and this 4800 B
becomes stronger above 50% seool- E
centrality K ;
 Furthermore, when checking for 1,770~ Pepp
A . (1) . . %2 / ndf 0.7939/9
stability in REP while changing N L AR AR T PO 05813 +0.001416
TPC reference subevents, we ;
noticed instablility above 50% MoE
centrality 0.1 d

« Lambda yield is anyways very
low above 50% centrality, so we
simply tighten the centrality cut

« Previously was 60% for diff. meas.

0.05

0.

—
._r_‘l];—.
_—

Phase of cosine fit, shifted by &
8
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New pT cut

 Efficiency corrections for
pr < 0.7 GeV become very
large (order of magnitude
larger than the average) =

Q.l_

« More importantly, when
checking for systematic
mistakes through varying the
A-finding algorithm (“manual”
vs. KFParticle, varying
topological cuts), P at pr <
0.7 GeV was unstable

« We therefore require pr > 0.7
GeV

« Previously no cut, dominated by
pr > 0.4 GeV

GeV)

2 November 2021 Joey Adams, for the STAR Collaboration -
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New y cut

 Efficiency corrections for KFParticle
y < 0.2 are large at low pr
, = 0.35
« More importantly, 8
) . 2] 0.3
comparing integrated O- .

0.25

50% centrality P, tothe <
average obtained by fitting
differential measurements
with a polO, or such pol0

fits to each other, there

0.2
0.15
0.1

was a discrepancy when .
including the region %402 o0 02 04 06 08 0
y <—0.2 :
y ybeam
 We therefore require
y >—0.2

e Previously used y >— 0.4

2 November 2021 Joey Adams, for the STAR Collaboration - Chirality, Vorticity and Magnetic Field in Heavy lon Collisions
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New EPD subevent

 When checking for systematic
mistakes, we found a significant
dependence of polarization on
EPD ring in contrast to our
expectations

« When looking at ¥ correlations
between EPD Rings and the TPC,
we found a jump between rings : 1T
12 and 13, and a strange 1=

1 1 E e b b by b b b b bl
centrality dependence for rings pocdeosfroalase bbb dpac b,
below 13

P, [%]

N w h oo o N o
[TTTT[TT I [TTTr]]
} ]
[
|
[
|
i
|
I
c by b b b b bevaa fa g

EPD Ring



New EPD subevent

« When checking for systematic
mistakes, we found a significant
dependence of polarization on
EPD ring in contrast to our

expectations

« When looking at ¥ correlations
between EPD Rings and the TPC,
we found a jump between rings
12 and 13, and a strange

@) =
£ R 0
oC 141 -0.002
E o8 ~0.004
LI - ~0.006
~0.008
8F
. -0.01
6F
-0.012
45 -0.014
2F _0.016

0 10 20 30 40 50 60 70 80

centrality dependence for rings

below 13
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New EPD subevent

- Additionally, when checking for
consistency in R,(Elf), while
switching TPC subevents, rings
12 and below were unstable

« There is also anomalous
behavior in dN/dn at Ring 12

« Ultimately this behavior is not
understood, but particles so far
forward of ypeam may be
questionable to begin with

dN/dn

Rings 1-12

Vbeam

o
o
S
»
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New EPD subevent

« For these reasons (and anyways
because we want a smaller
subevent to avoid momentum-
conservation effects) we restrict
ourselves to Rings 13-16

« Previously used —2.9 <n <— 2.6

dN/dn
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Vbeam
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»
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New TPC subevents

« When choosing TPC subevents,
we want to avoid non-flow
correlations

« Absent non-flow correlations,

Rl(zlf), should not depend on the

choice of reference subevents

(1)

» In the region shown below, R_;

i1s stable and the choice is
therefore arbitrary; we choose
reference subevents 5 and 8,
corresponding to —0.5 < n <—
0.4 and -0.2 <n<-0.1

« Previously used EPD -3.9<n <-
3.3and TPC -0.7<n<-04

2 November 2021

Second TPC Subevent

Second TPC Subevent
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First TPC Subevent
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on the AEE T o

+ e — "7+ 1+ 71— | Entries 99469
BI-:_ 15 — | Mean 1.116
< i 7 |Meany  0.005142
ur er COmmen S @ o2 = | StdDev  0.002237
v o 0.5 ] Std Dev y 1.701

5 55 e A T =5 5 e N I

B2
Og +++++++++#+++—‘—+++++‘~‘J( N
* Not only do we have broader 027
invariant mass distributions for Dyt
@A — @, > 1I, we also measure e T T
feweI‘ Lambdas 1.105 1.11 1.115 1.12 1.125 1.13
m,, (GeV)
- Since embedded Lambdas have no proton rspinup A" i g2l ®
background, we can take a simple i 3 o Byt
average of P 5 over m;,, for all | sys
Lambdas without doing the invariant-
mass method. This can potentially
explain why that average is non-zero
- This can potentially be explained by /—b b ! ) 1
the “spin efficiency” = #=0 Pox =

The “efficiency” of measuring a “spin-up Lambda” at phi=0
is different than that at phi=pi.
* due to cuts



0,0,

Further comments 1
on the AEE
400
« We know that this is related 500
to the magnetic field 200
« The effect is exactly reversed 100
when looking at the two 003 1412 1114 1116  1.118  1.42  1.122
magnetic field orientations at o
27 GeV A d i
, & 2500
« The sharper/brighter .
distributions correspond to 4 2000
daughter tracks crossing ] 1500
2 1000
1 500
01.11 1112 1114 1116 1.118 1.12 1.122
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Further comments
on the AEE

« STAR cannot measure
production-plane polarization
without doing careful corrections
using embedding or other
methods are developed

« The AEE is measured using the
same observable as the production-
plane polarization; not only does the
invariant mass distribution depend
on emission angle, but so does the
Lambda yield



- Embedded Lambdas are given a
vl that approximately matches

the real data

2 November 2021
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Event cuts

« The v, distribution is sharply
peaked about (v,) =
100.7 cm. We impose a cut of

+0.7 cm.

# Events

108

107

10°

10°

| —— Before cuts
—— After cuts

I

R [N T T T SN N M I
198 199 200 201

| | | | | | | | | | | | | | | |
202 203 204

v, tpc (CM)
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o X100 ;

E 12 -

Event CU.tS e 10f —— Before cuts i
8 — After cuts _f

+ The beam is steered away B E
from (0,0) in order to hit the 4 —
gold foil; we therefore impose ; E
a cut on vt — (vT) (instead of : E

e e v 3 ey TTTET———d | | |
00 02 04 06 08 1 12 14 16 18 2

vt) of 0.5 cm
T) | (v, <V, P +(v <V ))? (em)

x10°

400
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Event cuts

- The pileup cut and centrality
definitions were determined
by the UC Davis group

—— Before cuts

# Events

— After cuts

PR I S S T
300 400 500
Number of Primary Tracks

E e ey
0 100 200

2 November 2021 hitps:4erupal-siak balaoyie TARRYSIem/les D anelalf0aRsrsrgntrality_3p85.pdf 4,



vent cuts

« UC Davis group also leading
QA study on this data set

« Nearly finalized
« We implement this bad-run

rejection

2 November 2021

Joey Adams, for the STAR Collaboration - Chirality, Vorticit

Run Selection

QA

—Sam Heppelmann

Sam looked at four QA indicators: <eta>, <phi>, <pz>, and <pT>
=> Sam concluded and only <phi> was important

Removed Runs

19152081
19153024
19153033
19154013
19154014
19154015
19154016

19154017
19154018
19154019
19154020
19154021
19154022
19154023
19154024
19154026
19154052

LABORATION MEETR

e
Fun Index

All Runs could be removed with ¢ cut

Runs 19154012-24 — TPC sector 14 — four RDOs out of these runs

Bad Run List for A

Il analyses:
Run Number Run Count Bad bbce_tofmultihlt_Good Ratio Reason to Reject
19151029 1 Bad 352741 181933 0.515769 This was the first run for the FXT program. It was run
19152001 30 Bad 1 0 0 only 1 event
19152078 73 bad 105205 75162 0.714434 1 minute run, not in the log book
19153023 94 bad 57532 41655 0.724032 3.5 minute run, getting almost no rate, asked MCi
19153032 101 bad 22251 17574 0.789807 35 second run, run stopped with TPC trips
19153065 124 bad 46626 36463 0.782031 35 second run, two inner TPC tripped
19154012 130 bad 3659275 3120438 0.852748 TPX 14 (4 RDOs) out
19154013 131 bad 3648387 3088966 0.846666 TPX 14 (4 RDOs) out
19154014 132 bad 3341251 2831904 0.847558 TPX 14 (4 RDOs) out
19154015 133 bad 1372269 1145009 0.834391 TPX 14 (4 RDOs) out
19154016 134 bad 2031168 1726407 0.849958 TPX 14 (4 RDOs) out
19154017 135 bad 2456321 2085858 0.84918 TPX 14 (4 RDOs) out
19154018 136 bad 2121499 1797981 0.847505 TPX 14 (4 RDOs) out
19154019 137 bad 3981715 3363315 0.84469 TPX 14 (4 RDOs) out
19154020 138 bad 3473212 2931558 0.844048 TPX 14 (4 RDOs) out
19154021 139 bad 3728863 3158431 0.847023 TPX 14 (4 RDOs) out
19154022 140 bad 2354219 1996394 0.848007 TPX 14 (4 RDOs) out
19154023 14 bad 1090521 931044 0.853761 TPX 14 (4 RDOs) out
19154024 142 bad 820024 696414 0.849261 TPX 14 (4 RDOs) out
19154026 143 bad 2276626 1962781 0.862145 No BTOW

A N A BN He o580 (16070728525 30second run, TPCiners al vipped




Event cuts

 We use events triggered on BBC
East and TOF (trigger ID
620052)

« 308M readable events, 240M
used for analysis (after cuts)



¥, determination Rusro = (Lm0 81 Vo e 320~V 1)

(cos (w1, Tpc — V1, EPD SE2))

« We reduce the effects of

— 801 0.15 -~
. oo - —
momentum conservation on ~E o >
RY) by choosing subevents 5% |
EP . 7o . — 501 005 o
with small rapidity widths 5 ;
E 0
+ R{) is reduced in order to 5 0 °
more accurately describe it 208 -0.05
10
= -0.1

| (an]
~
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¥, determination

EPD, -39 <n<-3.3
 We reduce the effects of

momentum conservationon & os-
R,(Elf), by choosing subevents N
with small rapidity widths E

|

0.4 ——
. R,(Elf), IS reduced in order to 5
more accurately describe it “E .
» We still have good R](;I)) by o2 =L
choosing a region in the EPD 0 10 20 30 40 50 60 70 80

with large v
J 1 Centrality [%]



Finding Lambdas

 We use the KFParticle package
to identify Lambdas, with few
modifications

« StKFParticleIlnterface::instance()-
>(CleanLowPVTrackEvents();

« StKFParticlelnterface::instance()-
>SetChiPrimaryCut(10);

« NDCAto PV <1 cm (we want
primary Lambdas)

 Enforce one Lambda per event
(“Thunderdome”)



No mass cut

x10°
10 i B
& 9000 f E
Thunderdome £ ool E
7000 - E
6000 - =
« Some events have many, ool E
many Lambdas souoh E
- Pions are being paired up with 3000 L E
more than one proton in an . kE
event 1000 - =
* For events with more than one =~ .4 -, | | | | E
Lambda, need to choose best § ' -
« Look at all matches and take w 10° =
the one with the smallest . -
|Miny — M A =
104 5
10° _%
107 —%
10 —é
1 S
0 20 40 60 80 100

# Lambdag'in Event



Thunderdome

« Some events have many,
many Lambdas

« Pions are being paired up with
more than one proton in an
event

 For events with more than one
Lambda, need to choose best

 Look at all matches and take
the one with the smallest
|n1h1v'_ ma

« We can see the effects
on the invariant mass
distribution and purity

# Lambdas

# Lambdas

40000
35000
30000
25000
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15000
10000

5000

40000
35000
30000
25000
20000
15000
10000

5000

— \\ith Thunderdome

- Without Thunderdome

lIIII‘I\II‘IIII‘II\I|\I\I|\I\I|\I\I|\II\|L

—h.
—

m—— \With Thunderdome

- Without Thunderdome

IIII‘III\‘IIII‘\III|HII|I\II|HII|IHI|L

1 | | | L | | 1 | | | 1 1 | 1 |
1.08 1.1 1.12 1.14 1.16 1.1



Correcting for
momentum
conservation

« Methods for correcting for
momentum conservation effects
on flow and event-plane
resolution are known [1]

« But the require the knowledge of
particle pt

_ A{wpr)
V (w?) (p.)

. tume) M
= (wpr)q (.H,L‘)QN (Pﬂ

.
I

* There’s no way to get this from
the EPD

« Can’t get around it with anything
clever, like pt < (pT)ly

[1] N. Borghini, et al. “Effects of momentum
conservation on the analysis of anisotropic flow”.
https://arxiv.org/pdf/nucl-th/0202013.pdf



Using tull EPD

 When using fast offline
picoDsts:

- A three-detector method is used
for the calculation of the event-
plane resolution

(EPD acceptance limits)

R1 gpp = \l

(COS (lI/1, EPD — ¥1, TPC SEl))(COS (llfl, EPD — ¥1, TPC, SE2)>

 Momendsi conservation sx»))
decreases correlation between
TPC subevents and increases
correlation between TPC and
EPD/BBC

Resolution

0.9
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« Lambda yield is influenced by

the missing iTPC sector .

2 November 2021

iTPC

16 -14 -12 -1 -08 -06 -04
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