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QCD: Early universe
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QCD: Heavy-ion physics

kinetic produced particles
freeze-out

hadronization

lumpy initial
energy density

Lattice QCD calculation:
* T<150 MeV : interacting hadrons
* T>150 MeV : deconfined quarks

* (150 MeV = 2x1012K ~ 10°T_)
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Nuclear matter phase diagram

Deconfined color charges ‘:
Quark-gluon plasma ;oe’.o,;:}'::
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The Phases of QCD

Color
Superconductor

Nuclear /
Matter Neutron Stars
ettt
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Baryon Chemical Potential

The QGP is very nearly
a perfect fluid
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Relativistic Heavy-Ton Collisions

Initial energy
density

pre-.
uilibrium
yhamics

Hadronization

viscous hydrodynamics

final detected
i distributions

Kinetic
freeze-out

free streaming

t~0fm/c t~1fm/c
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collision evolution

b-'I--_
|

t ~ 10 fm/c T ~ 1012 fm/c




At mld-rapldlty (net + charge) proscnie

SPECTATORS

 TARGET
SPECTATORS

(net + charge)

e |

* |IL| ~ 102 h in non-central collisions
* How much is transferred to particles at mid-rapidity?
* Does angular momentum get distributed thermally?

* How does that affect fluid/transport?
e Vorticity: o E% V xv

* How would it manifest itself in data?



Vortices

Classical Vorticity:

Rigid-body-like Irrotational
Vortex vortex

Vocr Y vocl/r

Like the moon, always
the same side toward Earth Notice the rotation, or lack thereof, in the fluid elements
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Local fluid
cell frame

In collision

HIC Vorticity c.m. frame
formation

Localized vortex generation via baryon stopping

Viscosity dissipates vorticity to fluid at larger scale

Vorticity - fundamental sub-femtoscopic structure
of the “perfect fluid” and its generation

spectators e

< il participants

before collision after collision
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Hydrodynamic evolution

t=0.5fm/c

From a (lumpy) initial state, solve hydro equations: movies by Bjorn Schenke

a7 =0 T =eu'u’ - (p+T1) A" + 1
u“d IT =-

& many more terms...
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Final state particles from hydro

;\ _ emitted hadron
> (color confined)

t=0.5fm/c

System cools & expands -
Hadronization & “Freeze-

out”
* emitted particles reflect properties

fluid cell at
freeze-out

of parent fluid cell (Cooper-Frye)

* chemical potentials, thermal & T
collective velocities 5 LAY

QGP fluid:
colored quarks deconfined
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Theory Background

week endin
PHYSICAL REVIEW LETTERS 18MARCH2%05

PRL 94, 102301 (2005)

Globally Polarized Quark-Gluon Plasma in Noncentral A + A Collisions

Zuo-Tang Liang' and Xin-Nian Wang>'
'Department of Physics, Shandong University, Jinan, Shandong 250100, China

’Nuclear Science Division, MS 70R0319, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
(Received 25 October 2004; published 14 March 2005)

Produced partons have a large local relative orbital angular momentum along the direction opposite to
the reaction plane in the early stage of noncentral heavy-ion collisions. Parton scattering is shown to
polarize quarks along the same direction due to spin-orbital coupling. Such global quark polarization will
lead to many observable consequences, such as left-right asymmetry of hadron spectra and global
transverse polarization of thermal photons, dileptons, and hadrons. Hadrons from the decay of polarized
resonances will have an azimuthal asymmetry similar to the elliptic flow. Global hyperon polarization is
studied within different hadronization scenarios and can be easily tested.

DOI: 10.1103/PhysRevLett.94.102301 PACS numbers: 25.75.Nq, 13.88.+e, 12.38.Mh

Local OAM (vorticity) transferred to
spin degree of freedom of final-state hadrons

(Such transfer is rare - discussed below)
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Theory work - broad and incomplete
overview

Voloshin, arxiv:nucl-th/0410089

Liang and Wang, PRL94 102301 (2005) [errat-ibid 96 (2006)
039901

Liang and Wang PLB629 (2005) 20 (2005)

Betz, Gyulassy, Torrieri PRC76 044901 (2007)

Gao et al, PRC77 044902 (2008)

Gao et al, PRL 109 232301 (2012)

Becattini et al., PRC88 034905 (2013)

Becattini et al., JPhys 509 012055-5 (2014) (SQM2013)
Csernai et al., JPhys 012054-5 (2014) (SQM2013)

Grossi JPhys 527 012015-5 (2014) (XIV Conf. Th. Physics)
Becattini et al. arxiv:1501.04468

Jiang, Lin, and Liao, arxiv:1602.06580

many others
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Barnett effect

* Nice parallel in Barnett effect Spins align with vorticity — B field

* BE: uncharged object rotating with
angular velocity @ magnetizes

M=y wly
* y = gyromagnetic ratio, Y = magnetic
susceptibility.

 Inverse of Einstein-de Haas effect,

Science 15 42 (1915); Phys. Rev. 6, 239-270 (1915)

 Einstein-de Haas effect, (only
published experiment of Einstein!)

 EAHE:Magnetic field induces
rotation

Physical Review (Series 1), Vol. 26, Issue 3, pp. 248—-253 (1908)
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Vorticity = Global Polarization

* Vortical or QCD spin-orbit: Lambda and Anti-Lambda spins
aligned with L
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Magnetic field -» Global Polarization

* Vortical or QCD spin-orbit: Lambda and Anti-L.ambda spins

Both aligned with L

may

contribute . . - <o .
* (electro)magnetic coupling: Lambdas anti-aligned, and Anti-

[Lambdas aligned
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How to quantify the effect (I)

* LLambdas are “self-
analyzing”

* Reveal polarization by
preferentially emitting

daughter proton in spin Spinning
direction Lambdas

‘spectators |

A s with Polarization P follow the distribution:

dN :L(1+oc1_5-f);):L(1+ocPcose*)

dO° 4mn 47
0=0.642+0.013 [measured]

f?; is the daughter proton momentum direction in
the A frame (note that this is opposite for A)

0<|P|<1:
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How to quantify the effect (Il

Spinning
Lambdas

'spectators |

Symmetry: [n|<1, 0<¢<2x-| L
Statistics-limited experiment: we report acceptance-integrated polarization, Pavezf d E A;%]— p (B A)-Ii
A
p 8 (sin(o;—¢,)
AVE ™ TT Ol 1)
Ry
Rgg is the first-order event plane resolution and ¢, is the impact parameter angle

** if v,-y>0 in BBCs ¢; =W, if v,-y<0 in BBCs ¢, =W+

** where the average is performed over events and As
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Ingredients: Using STAR

Protons and pions reconstructed in STAR
s — TPC and TOF for <1
g TPC: Tracking + PID
TOF: PID

Event planes-found usig
(forward/backward) BBCs

3.4<n|<5 X

Isaac Upsal - September 2018 18



Ingredients: Using STAR (PID)

q*dE/dx as a function of momentum

Protons and:pions:reconstr
TPC and TOF for

TPC: Tracking + PID
TOF: PID

Isaac Upsal - September 2018 19



Ing)

=SSt

T E ]
l.!ﬂ.. 4’%” (]
AN

/M‘ﬂ/lrd Z

S 4

STAR (track

Lambdas are found topologically using

identified protons and pions

)
=

Us

,pions:reconstr
TPC and TOF fo

TPC: Tracking + PID

TOF: PID

Ingredients

Protons and

20
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Ingredients: Using STAR (Event Plane

g

.

Event planes found using
(forward/backward) BBCs
3.4<In] <5
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Global polarization measure

. -"'"o"‘h I I_I_Il I I I I T 1 I| I

e Measured Lambda and Anti- X 4l AutAU20-50% W A Nature 548, 62:65 (2017)
Lambda polarization T @ X Nature 548, 62-65 (2017)
(o 5L A PRC76 024915 (2007) -
B O APRC76 024915 (2007)

e Includes results from 3 m A arXiv: 1805.04400
previous STAR null result i Q d A arXiv: 1805.04400 -

(2007)

*P,(A)and P,(A)>0
implies positive vorticity

+ P, (A)>Py(A) would
imply magnetic coupling

10 10°
STAR, Nature 548, 62-65 (2017) [IENNI(€IAY
STAR, arXiv: 1805.04400
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We can study more
fundamental properties
of the system

*P,(A)and P,(A)>0
implies positive vorticity

B, (A)>P,(A) would
imply magnetic coupling
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Global polarization measure

a""'é‘"-» I T T 1 | I I I I T T 1 | I
o~ 4L AutAu20-50% A A Nature 548, 6265 (2017)
@® A Nature 548, 62-65 (2017)
0 5L A PRC76 024915 (2007) -
O A PRC76 024915 (2007)

m A arXiv: 1805.04400 ]
g A arXiv: 1805.04400 -

10 10°
STAR, Nature 548, 62-65 (2017) [IENNI(€IAY
STAR, arXiv: 1805.04400




Vortical and Magnetic Contributions

Magneto-hydro equilibrium interpretation

AusAu 20-50% A A Nature 548, 62-65 (2017) N (_ ~ G = >
' @ 7 Nature 548, 62-65 (2017) P~exp E/T'I'MBB/T'I'(D S/T+M BIT
Jt A PRC76 024915 (2007)
O X PRC76 024915 (2007) ..
B A arv: 1805.04400 * for small pOl&l‘lZ&thl’lI
= AarXiv: 1805.04400

u, B
T

PANl (D_MAB
2T T

I o
Pri~——+
Ao

vorticity from addition:

%:PA-'-PA

B from the difference:

B_ 1
T 2u,

STAR, Nature 548, 62—65 (2017)

STAR, arXiv: 1805.04400

But, even with topological cuts, significant feed-down from X°, =
... which themselves will be polarized...

(PA_PA)

Becattini, Karpenko, Lisa, Upsal, Voloshin Phys. Rev. C 95, 054902 (2017) 24



Vortical and Magnetic Contributions

¥ Sigma0[Sigma™-]

1.2 mother A(1450), A(1520)...— A

L > 5 305 A

1 -
W Sigma0[Sigma™0]
0.8 - B Sigma0[Sigma™+]
 Xi- )
0.6 -
mXi0
Sigma*-

04 -

s

" =— A

mSigma*0 = > 5 A

0.2 7 B Sigma*+
Sigma0 SV 5 A
0 - T
7.7 GeV 39 GeV 200 GeV ® primary

But, even with topological cuts, significant feed-down from
... which themselves will be polarized...

0 ~=0/- *+/0
2,2, 2

Becattini, Karpenko, Lisa, Upsal, Voloshin Phys. Rev. C 95, 054902 (2017)



Accounting for polarized feeddown

PRIVIBRY + FEED-DAPWU POLARZATION
VORTICA,  CoMNPONENT

priwiavy ‘ _ ]' T T YT/
L N2t 202t =7l 20 2] Al el

Becattini, Karpenko, Lisa, Upsal, Voloshin Phys. Rev. C 95, 054902 (2017)



Accounting for polarized feeddown

PRIVIBRY + FEED-DAPWU POLARZATION
VORTICA,  CoMNPONENT

prwievy ; = ]' T T ,Y T.,
C_> A T ZDT = -r/ —__—"-r Z—_&‘ —?"0 —-)‘-1’ .,/i‘;éa) etet il

v
LH ”Ya/ oﬂ:/ oﬂ/ /3[ Zof/s \ \
(/3 ('75

Yor- =
meaaM ir t T . (G T . Ib’f'&.ﬁ”z

[ % /

37

> el 1
A " -0 SRanEE
s A RN s o L
bl A —065( Se S 200

Becattini, Karpenko, Lisa, Upsal, Voloshin Phys. Rev. C 95, 054902 (2017)




Accounting for polarized feeddown

PRIVARY + FEED-D2WN POLAR(ZATON
MACNETIC. CONPDNENT

priery
C,> /\‘L -7:9‘[' 11 —_-”l Z.)L—I z%of Z.)L{— lf\'(tf&@) e‘chTLTE!

\4 ', 5 b
1& 'Ys/ o,“z/ 042 /sl Zo\t % \Za" é\ \ZDT /ZZD
[-'/3 ("/; ["/9

4
Wiﬁ}feé j, T 1 l L t i I .TT,WJ/TE TD )
r
N 7T &
A " —06(3 ST —zua
So e + 0,99 gl I Rt R,
= % —065( T¥C ZY 302

Becattini, Karpenko, Lisa, Upsal, Voloshin Phys. Rev. C 95, 054902 (2017)




Accounting for polarized feed-down

f ,r= fraction of A s that originate from parent R-> A E—— R ORI L ([oF2]

hadronization model
C , = coefficient of spin transfer from parent R to daughter A with STAR

| | measurements as
Sr= parent particle spin parameter inputs
(THERMUS)

U, is the magnetic moment of particle R

overlines denote antiparticles

Decay
parity-conserving: 1/27 — 17
parity-conserving: /2~ — 1/27"
parity-conserving: 3/27 — 1/27
parity-conserving: 3/2° — 1/2"
=Y s A+ 70

= = A+7 i
Y A4y -

Becattini, Karpenko, Lisa, Upsal, Voloshin Phys. Rev. C 95, 054902 (2017)




Extracted Physical Parameters

o C:oiifs . . . i M this study
Significant vorticity signal H X PRO7S 024915 (2007)
— Falling with energy, despite B AusAu 20-50%
increasing J . -
— 60 average for 7.7-39 GeV N ¥$
: % "
I *#
* Magnetic fl%eld i H ® this study
— MNEe—) Where m ls the B O PRC76 024915 (2007)
2m P -

p
proton mass

— positive value, 1.50 average T [+] #]E###m """""""" 'UL

for 7.7-39 GeV

10 102
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Vorticity ~ theory expectation

* Thermal vorticity:

1_E M this study
& ~_ o . JA PRC76 024915 (2007)
~2—-10% ] 0.1 ﬂ Au+Au 20-50%
_1 L
0w~0.02—-0.09fm = (T, ..q=160MeV)
* Magnitude, Vs-dep. in range of 0.051 $
transport & 3D viscous hydro : # & "
calculations with rotation O ¥ %
L] L
Jiang et al,PRC94 044910 (2016 10 10°
0.14% (2016) | Sy (GeV)
' | G2cev
0.12- 62 GeVv| | Csernai et al. PRC90 021904(R) (2014
ad - 100 GeV TABLE 1. Time dependence of average vorticity projected to
: 0.10- 150 GeVy | the reaction plane for heavy-ion reactions at the NICA energy of
é ' 200 GeV N = 4.65 4 4.65 GeV.
ICAFOT0sE — —
~, t Vorticity Thermal vorticity
8 0.06 4 (fm/c) (classical) (relativistic)
e (c/fm) (1)
0.04+ 0.17 0.1345 0.0847
1.02 0.1238 0.0975
0.02 - == STTeaE 1.86 0.1079 0.0846
2.71 0.0924 0.0886
0 3.56 0.0773 0.0739

Time (fm/c)
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Polarization ~ theory expectation (I)

* 3+1D viscous hydrodynamics S [ T .
o . o A Nature 548, 62-65 (2017
* Not very sensitive to shear 4| AuAu050% A e oo o1
viscosity o= | 5t A PRCT6 024915 (2007)
O A PRC76 024915 (2007)
., . e el ., . 3+ E A arXiv: 1805.04400 - _|
* Very sensitive to initial conditions g A arxiv: 1805.04400
2 D = EurPhys.J. C77:213 (2017}
* Expectation: falling with Vs ol ®
0.018 —— " — 1
0016 Au-Au, 20-50% central B I
0014 I N S
0.012 i
0010 ;
:L"DDDB IIII| IIIIII|02 |
10 1
0.006
STAR, Nature 548, 62-65 (2017)] | {s (GeV)
0.004
0.002 — | Compare “feed-down corrected” curve in
. . o dashed magenta line
0.000 .'r'l.? 1EIU:“: 35;_[) B,.'i i I g

NERREERY 1u. Karpenko and F. Becattini Eur. Phys. J. C (2017) 77: 213
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Polarization ~ theory expectation (ll)

| I e—e AMPT primary |

5
- - AMPT primary + feed-down
arXiv:1704.01507 | ¢ A STAR
ar $ § ASTAR 1

0T T Sla5 196 27 39 624 200

--------#SHV“}W)--------------8

5.01 Avd
45 - @-PICR model
4'0- arXiv:1703.03770 A A inSTAR
] = A in STAR
~ 3.5
S ]
~ 301 wv
Ny 25, -
= 0] Ry -
S g A v
N 1.5 AR
1.0- ®.. A
0.5 2 T@®-----_-_ o -
0.0 +— — 19-
10 100

Vs(GeV)
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Hydro

Au+Au, 20-50%

5 L
Phys. Rev. C 96, 02490_6A—A and A
(2017)
al e ASTAR
o A STAR

o

v 100
(sw)  (GeV)

10

I E = == == = = = = = == =B =B =N BE =N =
| | 1 [

| | Au-Au, 20-50% central — A, model |
Feed-down contributions incl. --- A, model

B arXiv:1704.02142 * * ASTAR []
| P ¢ ASTAR L
200




B-Field ~ theory expectation

2

@ this study

Magne’[ic field: O PRC76 024915 (2007)

Au+Au 20-50%

* Expected sign

B~10"Tesla
eB~1m>~0.5fm °

* Magnitude at high end of theory
expectation (expectations vary by e
Orders Of magnitude) ; N A

* But... consistent with zero " .
—A definitive statement requires 0001 Ielectrlcal
improved statistics/EP 000 Cond“Ct'V'ty
determination 0L oo

l
10° 61.ocp

e

10° OLQCD
1077

—1 0
L. McLerran, V. Skokov Nucl.Phys. A929 (2014) 184-190 [RIA:¥%
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Comparison of QGP superlatives

Supercell
ornado

B.

=@ Buperfluid
L~ = hanodroplets

10° 10° 1 10° 10° 10° 10? 10" 10" 10 10*
N o)

agnetic |
ield Lab % |

| | | [ | [ | T 1 1 | ' | 'l | ' 1 | | P
10° 10" 10 10° 10° 10" _10° J 10" 10" 10"

Magnetars B (T)
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Connection: CVE

e Polarization not inherently
chiral

« Large uncertainty term, H,

in the delta correlator
(related to Chern—Simons)

* For neutral baryons
(Lambdas) correlator
predicts separation of B#
along vorticity, ®

(cos(, +0,-2%_) )oeq

0.035

0.03

0.025

0.02

0.015

0.01

0.005

(=]

-0.005

200 GeV Au+Au

® AP(Ap)-ApADp
A Ah@AhY)-Ah'Ah)
O KIP-Kp

$ STAR PRC81
54908 (2010)

2 A )

13

1

1

&8

11 131
20

10 0

% Most Central
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Connection: CME

* Large theoretical
uncertainly on B (orders of
magnitude + Vs _ )

- Large uncertainty term, |1, + + + +

in the delta correlator

. I S L R R ELI I S SR
(related to Chern—Simons) x107 4L SUEINES o D
ﬁ B —&— opp charge, AuAu y

& [ —&— same charge, CuCu | ]

. — —&— opp charge, CuCu _

» For charged particles CME > 09 ]
. . N. : M’*\t ‘&%%ﬁcm e, :
pFEdICtS Separatlon Of +/- _e_ﬂ 0 :_'““f—-— - —'.__'M'flf%;'“f"f"’?'i': __fépz
along B T | e
- X - ]

- osFem .

2 e y STAR PRC81 ]

O - 54908 (2010) 1

o | —

.., % MostCentral |

70 60 50 40 30 20 10 0O
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Summary |

* Non-central heavy-ion collisions create QGP with high
vorticity

—generated by early shear viscosity (closely related to initial conditions),
persists through low viscosity

—fundamental feature of any fluid, unmeasured until now in heavy-ion
collisions

* relevance for other hydro-based conclusions?

* Huge and rapidly-changing B-field in non-central collisions
—not directly measured
—theoretical predictions vary by orders of magnitude
—sensitive to electrical conductivity, early dynamics

* Both of these extreme conditions must be established &
understood to put recent claims of chiral effects on firm ground

Isaac Upsal - September 2018 38



Summary Il

* Global hyperon polarization: unique probe of vorticity & B-
field
—non-exotic, non-chiral

—quantitative input to calibrate chiral phenomena

* Interpretation in magnetic-vortical model:
—clear vortical component of right sign

—magnetic component of right sign, magnitude hinted at in BES, but
consistent with zero at each Vsyy

* Azimuthal dependence may offer more insight into modeling
—hint of BES signal, but clearer 200 GeV signal

—results for Lambda and Anti-Lambda are consistent for 200GeV

Isaac Upsal - September 2018 39



BES-1I: 2019-2020

nner upgrade

vent lane Detector

. encap TOF //

9 . d {
VSyy(Gev) |50 |7.7 [9.1 [115]|13.0 mm BES- || ~ 2019-2020
PGiMEV) S S50 207 | 3201 ST (230 = °© Collider (e-cooling) & detector upgrades
FESIYMEVE)) == 38 = BE2 = W © Finer-grained measurements
225?‘“5"“’ 0.25 17 4 45 * what drives energy dependence of P?
— = 15 FRRPTIl °© |ncrease statistics by order of magnitude

(1x10%5/cm?sec)
BES Il (MEvts) 100 160 230 250

« stat. errorbars reduced by ~3
* Improve avg 1st-order RP resolution by

eCooling 3 4 6 8
(Factor) 2 X

Beam Time 95 30130 (2. . « stat. errorbars reduced by another ~2

(weeks) 40



Isaac Upsal - September 2018 41



Azimuthal dependence (I)

* Naively collision starts with strongest
vorticity gradient in plane

), rest frame

* A model predicts the opposite
dependence

* The dependence of P,, on ¢,— W,
tests spin local thermal equilibrium

and model initial conditions -4-3-2-10 1 2 3 4
p, [GeV]

Karpenko & Becattini EPJC (2017)
77:213
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Azimuthal dependence (ll)

< - T T T
9\._7__ 0.6 — STAR preliminary Au+Au 200GeV

iy o - ]

* In opposition to the ! + 20-50%
model prediction oal- L T combined

n an compine
STAR sees a larger I . +

polarization in in-plane <Pp>i— - - —1— — - — = — -

0.2
than in out-of-plane

T I I |

o
|
e

* Represents an
important tension in
the measurement 0 0.5 1 1.5

Biao Tu, poster @ QM18 ¢ — Uy [rad]

-in-plane | | out-of-plarlie
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Centrality

1~ STAR Au+Au \s,,, = 200 GeV

Py [%]

Inl<1, 0.5€pT€6 GeVl/c

Centrality [%] N Time (fm/c)
STAR, arXiv: 1805.04400 Jiang et al, PRC90 021904(R) (2014)

* Signal increasing with decreasing centrality falls well in line with theory

Isaac Upsal - September 2018



Polarization along the beam direction

Takafumi Niida, talk @ QM18

Au+Au \sy, =200 GeV
10%-60%

beam direction 0.001
* C(lear signal at

(cos(® ")

0.0005 200 GeV
d_ .
2" E)rcller o Signal
event plane o
P : qualitatively
~0.0005| disagrees with
- A - hydro model
i STAR Preliminary
0,001t
* Local velocity gradients due ¢-W, [rad]
to elliptic flow may produce , P VW =200 GeV RHIC
vorticity along beam 0.016
direction 2r 0.012
* This is a brand new area to 1| 0.008
look! < 0.004
§ o 0.000
* Look for sinusoidal < ~0.004
polarization structure o ~0.008
projected onto the beam oy ~0.012
direction

S. Voloshin, EP] Web Conf. 17 F. Becattini and I. Karpenko,

(2018) 10700 PRL.120.012302 (2018)



Phi Meson Polarization (1)

Region of recombination

of polarized quarks '
Ooo>1/3:

* Spin alignment can be determined
from the angular distribution of the

decay products™: Poo=1/3: O

dN o
;I(mgﬁ‘] = ji"'.'r[l K[( l —p[[l ]l"" EEP[[I - I]Cﬂﬂ_ £ ]

where Ny 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.

*K. Schilling el al., Nucl. Phys. B 15, 397 (1970)

Chensheng Zhou (CPOD 2017)
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Phi Meson Polarization ()

e Polarization
measure is made

WRT both the  [Aiion - Istorder kP
. 0.42— —e- 2nd order EP
first and second 04F
order event planes 0.385
0.36 ?
* Significant 034 & ﬂHH _______
deviation from 0.32
1/3 1L el fOr 0'35— STAR preliminary ¢ meson
higher energies 0.28F p, > 12 GeVie
~ Centrality 20~60 %
0.26)- N
10 10*

(GeV)
Chensheng Zhou (CPOD 2017) [y (Ge
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ALICE Results

Pp — —0.0001 + 0.0013(stat) = 0.0004(syst)
P; = —0.0009 + 0.0013(stat) =+ 0.0008(syst)

5-15% centrality = < E E
7 Rt 29Iy ALIGI [ Pn = —0.0008 + 0.0010(stat) 4 0.0004(syst
( (

. ) )
15-50% trality =

sees a null result 0 e =1 po = 0.0005 = 0.0010(stat) = 0.0003(syst)
—_— “_ LI I L L I rr i I rrri I L L I LI I LI I LI L L I LI 4

e Strongly supports I - -
. : . et C ALICE Preliminary =
ONTEINSEIR Il (= 1.5 Po-Pbysy=276TeV CE Preliminary -
beam energy F oA p; > 0.5 GeV/c -
' oA ly| < 0.5 E

e No hint of Lambda- 0.5 E- =
AntiLambda - # # % -
difference 0 $ c}) C:) (:-]B o
-05F (:> + =

n syst. error -

-1 . * 1o for P,, centralities 5-15% and 15-50% —

E + 1o for PK, centralities 5-15% and 15-50% E

w L1 1 1 l L1 11 I L1 1 1 I L 1 1 I L1 1 1 I L1 _1_1 I L_b_1_1 I L1 1 1 l L1 11 T
5 10 15 20 25 30 35 40 45 50

M. Konyushikhin QM 2017 (poster) Centrality (%)
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B field BES Il Projection

[T [T [T | T
Au+Au 20-50%

i l, @ BES-| .

i BES-II

 Using statistics from
Chi Yang's QM
2017 talk for BES 11
and 1B events for
27GeV 1n 2018

B/ kT (%)

e Assuming present
centerpoints 9.6
sigma result
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EPD BBC comparison

088

r.w- 1,".",,, NP
AN, ==

S N

Isaac Upsal - S



Production Plane - NOT Polarization

Known effect in p+p collisions
[e.g. Bunce et al, PRL 36 1113 (1976)]

* Lambda polarization at forward rapidity relative to
production plane

Vortical or QCD spin-orbit: Lambda and Anti-Lambda spins
aligned with L

ol (electro)magnetic coupling: Lambdas anti-aligned, and Anti-
Lambdas aligned

Both
may

Polarization w/ production plane:

* No (known) effect at all for Antil.ambdas
Isaac Upsal - September 2018 51



Topological dependent efficiency (I)

In Lambda frame, proton & pion have equal-magnitude momentum, but not in STAR frame

— 7 tracking drives A efficiency

pion emitted backward in Lambda c.m., — tight curl, large DCA (distance to collision vertex)
— much-reduced efficiency
— higher efficiency to find negative-helicity Lambdas

b

G
/.
4
/
4
4

proton emitted ™ proton emitted
backward in A frame = forward in'A frame
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Topological dependent efficiency (ll)

Same effect seen in embedding/GEANT simulations
p.-dependent
not correlated with RP

explicitly cancels when summing regions separated
by 180 degrees

HIJING events through simulated STAR detector & tracking
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Azimuthal dependence (BES)

(PH+R1-P2COS(2 xj)—P- -)2

L]

2_
« Measure Lambda azimuthal % _Cen;t ” blzn; | 52
dependence by fitting (like S ]

v_) a second-order azimuthal

dependent polarization P, % 0.04- ~ 20%- 50% Gentrality
E . STAR preliminary
L
e To properly perform 002y x
resolution correction I +
minimize X2 where x is - + __________________________________________________
do— W (second order) + ¥
-0.02 -
» Uncertainties for Anti- 5 1'0' 1'5 ' 2'0 ' 2'5 ' 3'0 ' 3'5 ' 4'0 45
Lambda results larger than
plot range m (GeV)
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Azimuthal dependence (BES)

P,+R,P,cos(2x,)—P, |

» Measure Lambda azimuthal — %°= Z Z > !
dependence by fitting (like Centrality, i ¢ bins, j Oi,j
v_) a second-order azimuthal | éj 5
dependent polarization P> < 20% - 50% Centrality
E 0.1+ STAR preliminary
L I 0
* To properly perform 005"
resolution correction |
minimize ¥~ where X is ol bl + ________________ o
¢ ,—¥, (second order) P! +
-0.05F
° 1 cJ ey ey ey sy
Errors for Anti-LLambda 510 15 20 25 30 35 40 45
results are too large to
display Sy (GeV)
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27GeV (2018) Magnetic Search (Ps—P,

Significance of Lambda-AntiLambda

* 27GeV (based [PERIY Ik
on BES I error 10
bars)

* Assuming
R =2R

EPD BBC
* 7 axis depicts
the significance

—h

of the gap in
between the
[Lambda and 10
AntiLambda
Polarizations
0 1072

107 108 10° 10"
Number of minbias events
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EPD BBC comparison (l)
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