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Global hadron polarization Py:
a new agreement with the hydro paradigm
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Motivations

* Large ‘E‘ essential for measuring CP-
violation observables like CME (1) A
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Motivations

* Large ‘E‘ essential for measuring CP-
violation observables like CME ()

* Late-stage ‘E ‘ is gauge for oggp

* Previous Py study shows magnetic
field strengths consistent with zero 3

* but |§| > 0 for BES-I energies is enticing
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Motivations

* Large ‘E‘ essential for measuring CP-
violation observables like CME ()

* Late-stage ‘E ‘ is gauge for oggp
* Previous Py study shows magnetic
field strengths consistent with zero )
* but |§| > 0 for BES-I energies is enticing

* Sucha |§|wou|d be the largest measured

* Now we have data from a dedicated
run to search for a magnetic field

* A high-statistics data set at 27 GeV
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Motivations

- Large |B| essential for measuring CP-  * Differential measurements of Py
violation observables like CME (1) test model predictions
=1 . * STAR recently published a high-
* Late-stage ‘B‘ is gauge for oQGP o statistics Py study at 200 GeV
* Previous Py study shows magnetic * We compare differential
field strengths consistent with zero ) measurements using 27 and 54 GeV

* but |§| > 0 for BES-I energies is enticing

* Sucha |§|wou|d be the largest measured

* Now we have data from a dedicated
run to search for a magnetic field

* A high-statistics data set at 27 GeV 1D, E. Kharzeev, et. al., Nucl. Phys. A 803, 227 (2008)
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Polarization observable

S| 67 -
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Lambda’s frame
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Polarization observable

S| 67 -
“*” indicates p
Lambda’s frame

Phys. Rev. C 94, 021901 (2016)

. 1 8 1 < .
WP T N (R

M7mapz RS g
Lambdas don’t emit Correlates angular momentum

daughters exactly along spin of QGP with Lambda’s spin
Not all reconstructed p-Tt The measured ¥,

pairs are actually Lambdas differs from Wgp
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Magnetic field observable

* Vorticity gives positive contribution to P, and P3x

B| enhances Pz and suppresses Py (iip 4 = —fi5 7)

Lsystem || Bsystem

i s
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Magnetic field observable

* Vorticity gives positive contribution to P, and P3x = ﬁ |
. §| enhances Pz and suppresses Py (iip 4 = —fi5 7) qu T ®A |
* We measure |§| via splitting between P, and P3 6l A i

Lsystem || Bsystem
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Event-plane determination

East EPD hits rotated by W; gpp west

* The EPD has far A
more coverage than é |
the BBC 10
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Event-plane determination

e The EPD has far
more coverage than
the BBC

e MUST account for
flow!

* Otherwise, near-zero
resolution
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Event-plane determination

East EPD hits rotated by W; gpp west

e The EPD has far
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Event-plane determination

e The EPD has far
more coverage than
the BBC

e MUST account for
flow!

* Otherwise, near-zero
resolution
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Negative flow barely
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East EPD hits rotated by ¥; gpp Vves,t/ visible over many tiles
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Event-plane determination

Ve

e Distribution of measured hits s

not symmetric in ¢ "

 Weight hits to enforce symmetry
(“gain match”)
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Event-plane determination

e Distribution of measured hits =

not symmetric in @ =

e Weight hits to enforce symmetry >
(“gain match”)
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Event-plane determination
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* Distribution of measured hits R
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Event-plane resolution

* Event-plane resolution describes
how well Lsystem is measured

. O _
REP ~
\/2<C05(qjsub evt. 1 — Psub evt. 2))

* At 54.4 GeV, Zero Degree
Calorimeter (ZDC) is used
* Peak R]g)) is ~0.16

« Beam-Beam Counter (BBC) was used
as cross check; see poster by Kosuke
Okubo (#746)
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Event-plane resolution

* Event-plane resolution describes
how well Lsystem is measured

. O _
REP ~
\/2<COS(LPsub evt. 1 — Psub evt. 2))

* At 54.4 GeV, Zero Degree
Calorimeter (ZDC) is used
e Peak RS} is ~0.16

« Beam-Beam Counter (BBC) was used
as cross check; see poster by Kosuke
Okubo (#746)

* At 27 GeV, newly installed Event
Plane Detector (EPD) is used

 Peak RS} is ~0.5

 Significant increase over BBC
previously used
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Finding Lambdas

* Protons and pions ID
with TPC and TOF

* Topological cuts on p-1t
pairs identify Lambdas
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Finding Lambdas

* Protons and pions ID praNi .

with TPC and TOF AN

* Topological cuts on p-1t ,
pairs identify Lambdas

* Some reconstructed

Lambdas are “false” RGN N
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The search for |B| at 27 GeV

* A high-statistics Au+Au run at 27
GeV with good R&) allows for a
high-precision ‘B‘ measurement

* This analysis is ongoing
* We are not yet able to make a claim of
the magnetic field
* With event yield and R](Elp) achieved,
will reduce errors significantly
compared to previous study
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V/Snn dependence of Py

e AMPT shows decrease in

Py with increasing +/syn - ﬁ

* Previous studies across 0-141 A - 20Gw
0.124* ¢ ¢ €
broad range of \/syn = 1/ 100GV oL
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V/Snn dependence of Py

e AMPT shows decrease in

D & +* qr

AMPT, primary A
AMPT, all A

Nature, 2017

Phys. Rev. C, 2018
This study, 27 GeV
This study, 54.4 GeV

Py with increasing /sy ! = f
s -
* Previous studies across R o)
broad range of +/Syn 3!
suggest this trend 2 25— ”
* These studies agree with L5 I
this trend =
* Recent high-statistics run 0 55_ AuA
at 19 GeV, 14.5, and 3 GeV T SRy
will be useful 0
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Centrality dependence of Py

* We observe Py
increasing with
centrality

e 54 GeV study uses

BBC and ZDC based on

RSD) (centrality)

* This trend previously
suggested by study at

200 GeV (Y
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- STAR Au+Au \s = 54.4GeV
OF 0.5<pT<5.0 GeV/c, Iml<1
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Centrality dependence of Py g e
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pr dependence of Py

* We see no — N L= 3
NN 1.4F & - 30%70% fnj<
dependence on pr at —  12F 25 moew
27 or 54.4 GeV a¥ = T 5 2
* Enough statistics to 0.8 %] ) IERRE
say Py flat in range 0.6 ﬁq 4 + 1 ﬁH %
* If Py drops at low pr 025 e R |
due to scattering or Of————————————— ———3 s
. . — Au+Auat./syy = 27 Ge 7 L
hlgh pT due to Jet —0.2 = 15;5% E?\I/l;ityl |’77| <\i = _1:_ STAR preliminary
fragmentation, it _(.4 - STAR preliminary = | | u |
must be outside this 05 1 15 2 25 3 b 1 2 Aeevic
range T
pt rang p, (GeV)

6 November 2019 Joseph Adams — Quark Matter 2019 — Wuhan, China 30



— 3
EOI ; 30%-70%, 0.15<p_|_<5.0 GeV/c -
dependence of P TS memw
77 p H 2:* STAR preliminary %A
- 54.4GevV ]
15:_ n
| | f
°Weseenodependence§, W3 ] { .
. . L. A — 0.5 -
on 7 with our statistics =— £ El |
and acceptance AT Er T e
* Consistent with study 0.8E- 4
atZOOGeV(l) E ﬂ% %; :% %; %; E _1_T1\\\\_0\5\||\(\)||||0\5||||1
0.6— %; ﬂ% ] . . n
0.4 - - = EDI STAR Au+Au |5, = 200 GeV
0.2 — % | 20%-60%, 0.5<p <6 GeVic
o =
- AutAuat./syy = 27 GeV - -
—0.2 = 15-75% centrality, 0.4 < p; <3 GeV/c = o5l
—  STAR preliminary —
04 T . T @ @
-1 —0.5 0 0.5 1 % %
T] D e
1STAR, Phys. Rev. C 98 (2018) 14910
6 November 2019 Joseph Adams — Quark Matter 2019 — Wuhan, China J1 70'5 B Ic‘) Dls 1‘



n dependence of Py

* Simulations show strong n

dependence of Py

> 14

* Notobserved within [n] <1 —_

* Forward upgrade can study P4 |

this with better n acceptance 08
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Summary and Outlook

* Various differential measurements of Py were studied
at 27 GeV and 54.4 GeV
* There is an increase in Py for more central events
* Pyisflatinthe range 0.5 < pr < 1.75 EP, 19 GeV
* There is no observable 1 dependence within [n| < 1 - MII{EP, GV

* This high-statistics data set at 27 GeV will be ableto 3
measure the magnetic field with much smaller error 1

1.22

I{l

bars than before " Fbns s 5

. . 1185 S =

 The search will continue at 19.6 and 14.5 GeV L1 S % =
1.14— —]

* High-statistics data sets Li2— ey 4

* Uniform Lambda acceptance in the TPC _ii= STAR preliminary b

coe e b e b e b b e b
10 20 30 40 50 60 70

* Larger event-plane resolution with the EPD

o
Qo
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% centrality
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BACKUP
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Lambda Efficiency

P p
* Lambdas emitting
pions in the direction A T n
: A
of their momenta have
higher efficiency
¢ @
Low Efficiency ‘High Efficiency |
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Finding Lambdas
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Finding Lambdas

+ —0.029 + 0.017p < m? < 0.04 GeV?/c*

J

4 v'Proton and Pion identification
(for proton) (for pion)
* |ne| <3 * |ne| <3
- 0.5 <m? < 1.5 GeV?/c?
N\
v Topological cut
Centrality | p-DCA m-DCA  p-m DCA N-DCA __ Decay length
0%-10% | >04cm >15cm <09cm <08cm >4.0cm
10%-20% | >04cm >15cm <09cm <08cm >4.0cm
20%-30% | >03cm >1.3cm <10cm <09cm >35cm
30%-40% | >02cm >1.2cm <l.0Dcm <09cm >3.5cm
40%-50% | >02cm >10cm <10cm <10cm >3.0cm
50%-60% | >02cm >08cm <1.1lem <10cm >3.0cm
60%-70% | >0.1em >08cm <l.1lem <1l.1lem >2.5cm
0% -80% | >0.1cm >07cm <lZ2cm <12cm >2.5cm
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Event-plane resolution

:
* STAR’s recent study at /syy = 200 GeV <
had peak resolutions around 0.4

STAR Au+Au at |s,,=200 GeV
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STAR, Phys. Rev. C 98 (2018) 14910 arXiv:190
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10%-50%, 0.15<p_<5.0 GeV/c
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Magnetic field

Vortical coupling: P o< ®

Magnetic coupling: P o< [i-B
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