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QCD Phase Diagram
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QCD Phase Diagram

* [he temperature, I,
measures the
average excitation
energy per degree of

freedom

® carly universe after the
Big Bang
* (T >>1019K & negligibly
small-baryon surplus)

* [he baryon chemical
potential, us, IS a
measure of the
excess of baryons

over antibaryons

® atomic nucler and
collapsed stars

(us > 1GeV)
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QCD Phase Diagram
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QCD Phase Diagram and RHIC

The Phases of QCD
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Ion Collider

® ./snnfrom 200 GeV
down to 3 GeV

® p+p, p+ALAU, d+Au, o . s .
He+Au CusCu X Experimentally, one can access ditferent

Cu+Au, Au+Au, U+U  regions of the phase diagram by varying
centre-of-mass energy y/snn of ion collisions
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The <olenoidal ! racker ~t HIC

MTD » » DN

* tracking of charged
particles covered In full 21t
azimuth

* NeEw subsystems

® inner Time Projection
Chamber (iTPC) upgrade

*  increased acceptance in
pseudorapidty

® Event Plane Detector (EPD)
® endcap Time-Of-Flight (eTOF)

%  particle identification in forward
direction

David Tlusty (Creighton) ICNFP. 2019 5
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Freeze-out Temperatures from STAR BES-
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* [on - chemical freeze-out temperature
® THERMUS model fit using 11, K, p, p, /\, and =
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~ Au+Au Collisions
S SIS N SRR S

STAR PRC 96 (2017) 044904

Ten Tiin
A Y World data
@ B STARBES

s , : | --- T, Andronic et al.
o : :
® 00-05% CEeymans et aI | - - Tg, Cleymans et al.

------- 30-40% |
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1 OO 200 300 400
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* [on - chemical freeze-out temperature
® THERMUS model fit using 11, K, p, p, /\, and =

: . . v World data
* | - Kinetic freeze-out temperature m STAR BES
® the separation between between Tcnand T grows with
increasing energy 10 100 1000
* might suggest the effect of increasing hadronic interactions between SNN (GeV)

chemical and kinetic freeze-out at higher energies
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* [on - chemical freeze-out temperature
® THERMUS model fit using 11, K, p, p, /\, and =

: . . v World data
* | - Kinetic freeze-out temperature m STAR BES
® the separation between between Tcnand T grows with
increasing energy 10 100 1000
* might suggest the effect of increasing hadronic interactions between SNN (GeV)

chemical and kinetic freeze-out at higher energies

* ( 3) - radial flow velocity
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ANISOHONIC £ e

* Asymmetry in initial geometry = final-state momentum anisotropy
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Anisotropic Flow R

* Asymmetry N Initial geometry = final-state momentum anisotropy

* dN/d o< (1 +22nvncos(ﬂ(q> wr))

® V.=directed (v1); Vo=elliptical (v2); VSztnangular (V3) flow

® V. influenced by eccentricities, €n, fluctuations, system size, speed of sound,
cs(us, T), and transport coefficient, n/s(us, T)
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Anisotropic Flow

* Asymmetry in initial geometry = final-state momentum anisotropy

LI NE AR

* dN/dp o< (142 2, Cos(n(q) qJR))

® v =directed (v1); Vo=elliptical (vo); Va=triangular (va) flow

T Influenced by eccentricities, €n, fluctuations, system size, speed of sound,
cs(us, T), and transport coefficient, n/s(us, T)

* STAR presented

® Number of constituent quark scaling
pehavior of vs

® [he scaling breakdown for ¢ meson
at 11.5 and 7.7GeV

* ¢ significantly lower collision x-section in hadron gas I YA T W-RE T B W-RE T TS S v T v
than other hadrons STAR: PRC 93 (2016) 014907 (m -mg)/n_(GeV/c?)
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Anisotropic Flow R

* asymmetry N initial geometry = final state momentum anisotropy

* dN/dP o< (1+22nvncos( N(Da—DPb) )

® Vi=directed (v1); Vo=elliptical (v2); VSztnanguIar (Ve Hlow, V@b ) = Va(@)Via(D)+ONF

® V. influenced by eccentricities, €;, fluctuations, system size, speed of sound,
cs(us, T), and transport coefficient, n/s(us, T)
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Anisotropic Flow

* asymmetry in initial geometry = final state momentum anisotropy

* dN/dop o< (]+22nVPCOS(ﬂ(CPQ CPb

® vV =directed (vi); Vo=elliptical (v2); vo~tr|angular (Va)flow, - V@b =Va(@)vn(o)+OKE

® v influenced by eccentricities, €n, fluctuations, system size, speed of sound,
Cs(ue, T), and transport coefficient, n/s(us, 1)

* Vo o< €0 & V3 < €3 &
n/s[T] reduces vin/en
® acoustic scaling

[PRL 122 (2019) 172301].
In (”’”) X <ﬂ(T)> ghrpstaseseeis:
En S
N ... charged particle multiplicity

David Tlusty (Creighton) ICNFP. 2019



Anisotropic Flow

* asymmetry in initial geometry = final state momentum anisotropy

* dN/do® o< (1+2 2 nvcos(n{ma— CPb))

® vV =directed (v1); Vo=elliptical (v2); Va=triangular (vz) flow,

T Influenced by eccentricities, €n, fluctuations, system Size, speed of sound,
Cs(us, T), and transport coefficient, n/s(us,T)

¢ V2 OC 82 &VS OoC 88 & STAR: PRL 122 (2019) 172301

N/S[T] reduces Vr/en | R S O, . S, S
® acousticscaling YN

[PRL 122 (2019) 172301]-

vn 2 77 —1/3 ! 0,
5]« G G T ,
Dt _ yes0o0ge Cu+Au —O— =2
Ne, ... charged particle multiplicity . Cu+Cu —A— }

d+Au —e— ',,
ptAu =— [

d+Au & p+Au follows the trend

(Nch ~ 21)
David Tlusty (Creighton) 1S TAY) ST Sy e 9




Fliiptical Flow in Small Systems

* Small Systems - low multiplicity p+Au, d+Au

® Vo extracted from two particle correlation
* pseudorapidity |n| < 0.9, |An| > 1.0 : reduces short range nonflow

® [ong range nonflow contribution (near side ridge) significant
* subtracted using new method developed by ATLAS [ATLAS: PRL 116 (2016) 172301]

a)w/o subtraction b)Template fit

2

>
©
| .
(@)
@
—
E=

d+Au 200 GeV

integral v ; <dN/dn> , d+Au 62.4 GeV
d+Au 39 GeV

d+Au 19.6 GeV

O p+Au 200 GeV

In|<0.9; 0.2<pT<3.0 GeV/c
STAR Preliminary

8 10 12 14 16 18 20 22 8 10 12 14 16 18 20 22
<dN/dn> <dN/dn>

* Collectivity plays an important role for the flow in small systems

David Tlusty (Creighton) IV ST S hES 10



Fliiptic Flow of DO Mesons

J. Bielcik,

Tuesday 1pm,
oD° oA  STARAu+AU |5y, =200 GeV| [t

A E' ] KS 1 0'400/0

q

2

L. Kramarik,

Poster #7?
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* Strong collective behavior of charm quarks

David Tlusty (Creighton) IV ST S hES



SO SO0 O LB O OO o000 80000 6080000060000 2006000006000006000000,6000056000000.0o8C00 8 8L
eS8 e e 8800 0 8o000080806000020626060026000020060000002606000020060000262600,80620808588
NI = SIIRPOR 820008 800000000000 00 0 0O BB
Bestetsss me A e »
) 0 O O @ . < 4 N - 3 ) ;
SESSEESEEsEe B58) X il 6Y vye-] 5578 I8 roum @ oo RIS |
) v ) /. D) _) \ y [s 1\).« ) - P - ¢ - - ) \ q B
,f,)f3jjjjjjjjjjjJJJjdjjjﬁjungqbqjs'JVuﬁj“ ’,)JJ o0 QJJ 3333333333333) 4
SRSLeLeReRenetetetotetetesotetetotesesetetedets! 0202020205058 23
T 3T 3 3 T T P I I I I I S e TS _

OO OB e 080800 000080000 00000000000 000000000 00000600 2060000 500026 b0
39323232053290303 0303330 : o0 PIIIRILIII2S
P ) 0,00 L) 0595 OJ 0,090,000 000
3292303233 | H <P | 030202020, ‘

FIIIII I ) > 02020
B0 00000, 020202020,
000020020 © ° 000008
PO 00000020 0202028,
5500009500000 0 026900,
0.0,.0.0_0_0_0 059
0o0500050000000 ede
0500050500050 00 0008,
330000 =
600009095000 °
egecec0 000

®
J
)))

P~

J \ )
FIILFTIILPLI

J-))JjJﬁngqu
o} )J .00

I\J
))J)))J
D =@ =@ o

OO
D @ @ o

)
Do ® =@

)

D 2 ®

S
D= ®

02©®
P

J
<)
=)

)

)
=9 ‘
8202020 ¢
0505059
eg0Q000
0505059,
eg00000.

X s \J\)\J\)\
>

S0 S0 R0 S0 ® Z® =

ogeg o5
0. P
2 LIPS P 05050059
T 0000000002000 06 0 e
©5%6%5%6%6°%6 %6 %5 %6 2o
06%6%6%:%5%5%: %5 % 5%
33 33 I
0%6%6°. 62090058 020500200059
o0e® $3333333333333333499393933999 TIIIIIIIIN
RIIINR IR egeo00s0Se00 00000 000 00000 000 33
) ) \)) <) S ) : J ™ ™ J\‘)\)‘)\)\‘)‘)‘)\)‘)\)‘)\)‘)\)‘)\)‘)\)‘)\)‘)J‘)‘)‘))‘))) )))_)J D 5@ 2@ 5@
sgegecoses s0o0000303000000000 000000000000 00000 0000000 e edeedey
| ° 0%0%0%0%0%0%0%0%0%6%0%0%6%0%606%60606060606050505950505959. ) -
: o 0606%6°%626%6%6%6°%6%6°%6%0%626%0°%6%6°%6°6%6°6%6°%6°6°%6°6%6°%5°6°6 %6 26 2o ®. )5 €
00%6%6%0%6%0%6%0%0%6%6%6%6%6%0%0%6%6%6%6%0%6%6%6%6%6%6%6%6%5%6 %6505 ) :
e 0058080000800 0200000000000 0000000000360600260006303630003036060006380800260800C8 b 8 OO by '
< ORO RO LR 0L 0,0 0 0L0L 0,0 0 0 00,0, 0 0 0 0 0L 0 0 0L 0L \JJ\-) \JJ.J \J"J{Jij 'J /

TIPGIGIHIHIS PILPL I PLILPL L P2 P PP PP IIIPI I PS IS IS IS IS IS IS5

PR s® 0-0-9.0-9-9
AP PE SOOI O) ® 0.9 Qo0 =@ o ® @ @ O O O B O O D =D OO
avia /. yoo 800 o ©000000000000000000000000000 100} 'y MID252525=

Aavidg 14P' W, 1 5050000820020 200008°0000°006082082605 L8 0SUSe SN cOUB oy
FSDNLTZGINITITE Fo 3 I TP PO P o P PF P P PSPPI GIG I ISP ISP IR ISP IR I I



Directed Flow

Attraction
(Softening)

* Directed flow, vi, IS sensitive 1o the EoS In
the early stage of HIC

® Net baryons show hints of a minimum and double-
sign change = Iindicating the softening EoS
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Directed Flow

*

Directed flow, vi, IS sensitive to the
the early stage of HIC

® Net baryons show hints of a minimum and double-

Attraction
(Softening)

sign change = Iindicating the softening EoS
* First v measurement of DY mesons

® [he tilt of bulk x longitudinal density profile of heavy

guarks

® Rapidity dependent slope is much steeper tor both
DO + DY than for kaons

® More in J. Bielcik talk (Tuesday 1pm, Room 2)

(C)stAR, PRL 120 (2018) 062301

STAR  __
e D°+D° (Tc +uc)
o K +K' (Ts + us)
Model:(D° + D°)
—— Hydro+EM (Chatterjee et.al.) —— AMPT
STAR

m D°-D° (Tc - uT)
A K -K' (Ts -u3)

-0 0. - .
_005 MOdel:(DO _ DO) DO: arXiv:1905.02052, submitted to PRL.

Kaons (STAR): PRL 120, 062301 (2018).

EM (Das et. al.)
—— Hydro+EM (Chatterjee et.al)

0
Rapidity (y)

David Tlusty (Creighton)
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Outline

*x QCD Phase Diagrarm of Nuclear Matter

® Heavw-lon Collsions - main ool to-explore QCD
® Relativistic Heawy lon Collioer
® [ntroduction o S1AR Expenment

* Physics Observables Measured by STAR and Highlight Results

® DUK Properies ol not: Viatter
ANISCHORIC HIOwW

®
® Production Supression and Enhancement
® Hypertriton
® leciromagnetlciProcesses
® (lobal HyperonFolanzaton

* Detector Upgrades ana-tiure =rogramis

X SUmrary
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- 0-10% Au+Au @ 200 GeV

—@— 10-40% STAR Preliminary
—— ee/pp/ep average & ALICE, p+p, Ys=7TeV, 3 < p. <4 GeVlc

# Au+Au, sNN =200 GeV, 3< p, < 6 GeV/c

B PYTHIA(ver. 6.4)
B TAMU(b=7.24fm)

STAR Preliminary

* Strong enhancement compared * Comparable with
to pbaryon-to-meson ratios
® HERA of light flavor hadrons
® Pythia

David Tlusty (Creighton) IV ST S hES 14



(Anti-)Hypertriton Binding Energy and Mass

STAR Preliminary

STAR Preliminary STAR (2018)
(2+3)-body iH + >H

1H - 2H (STAR 2018)k-

_ — e °He-FHe
\ ' (Nature Physics 11, 811(2015))

NPB52,1 (1973) -
2-body STAR (2018)
(2+3)-body iH
NPB52,1 (1973)
Y 3-body 4
'E'_(Nature Physics 11, 811(2015))
Mean + stat. uncertainty only (NPB 52,1 (1973))

~0.002 ~0.001 0.000 0.001 0.002
A(m/1ZI)(m/1z])

Providing insight on Hyperon-Nucleon interaction - probe of a
Neutron star structure

* Mass difference Is the first test of the GP T symmetry in the light
Nyper-nuclel sector

David Tlusty (Creighton) IV ST S hES 15



Outline

*x QCD Phase Diagrarm of Nuclear Matter

® Heavw-lon Collsions - main ool to-explore QCD
® Relativistic Heawy lon Collioer
® [ntroduction o S1AR Expenment

* Physics Observables Measured by STAR and Highlight Results
® DUK Properies ol not: Viatter
ANISOLIORIG Elow

Production supressionand =nhencemeant
Sypertiton

Electromagnetic Processes
® Global Hyperon Polarization

* Detector Upgrades ana-tiure =rogramis
X SUmrary
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Ann. Rev. Nucl. Part.
Sci.55:271
(2005)

=p, w, ¢, [P

pomeron

photon-photon photonuclear
interaction o 724 interaction o 72

iding IoNs generate strong electromagnetic fields
* Coherent interactions: y + whole nucleus

David Tlusty (Creighton) IV ST S hES 17



Low-pt J/Y And Di-electron Enhancement

David Tlusty (Creighton) ICNFP. 2019 18



Low-pt J/Y And Di-electron Enhancement

Centrality: 60-80% 0 04076 GeV/c? * Significant di-lepton enhancement at

Solid: Au+Au 200 GeV *v¢ 0.76-1.2 GeV/c? x 107

Open: U+U 193 GeV ¢ O 1.2:2.6 GeV/ic> x 10* |OW- PT
— Au+Au Cocktail

David Tlusty (Creighton) 1S TAY) ST Sy e 18



Low-pt J/Y And Di-electron Enhancement

Centrality: 60-80% 0 04076 GeV/c? * Significant di-lepton enhancement at

Solid: Au+Au 200 GeV *v¢ 0.76-1.2 GeV/c? x 107
Open: U+U 193 GeV ¢ 1.2-2.6 GeV/c* x 10* low- PT

T e * The invariant mass Mee shape of the low
P71 region described well by two models

[Zha et al.: PLB 781 (2018) 182, STARlight: PRC 97 (2018) 054908]

dN/dp,_ (GeV/e)'h
=

e e
< 3
=) |

[y

S
o
o

Data - Cocktail @ Au+Au 200 GeV]- - Hot_Med + yy—ee (Zha et al.)

¢ « (.15 GeV/ 1 Hot_Med + yy—ee (STARIlight)
Py evic OU+U 193 Gev — Hot_Med (broadened p + QGP)

p;>0.2 GeVie, In¢l<1, |y*°|<1 4 - - - Photonuclear produced p, ¢
Centrality: 60-80%

STAR:PRL 121 (2018) 132301

David Tlusty (Creighton) IV ST S hES 18



Centrality: 60-80% 0 04076 GeV/c? * Significant di-lepton enhancement at

Solid: Au+Au 200 GeV *v¢ 0.76-1.2 GeV/c? x 107

Open: U+U 193 GeV ¢ O 1.2:2.6 GeV/ic> x 10* |OW- PT
— Au+Au Cocktail

* [ he invariant mass Mee shape of the low
P71 region described well by two models

[Zha et al.: PLB 781 (2018) 182, STARlight: PRC 97 (2018) 054908]

® No effect of hadronic interactions on virtual
photon production

T

dN/dp_ ((GeV/e)™h
=

Data - Cocktail @ Au+Au 200 GeV]- - Hot_Med + yy—ee (Zha et al.)

¢ « (.15 GeV/ 1 Hot_Med + yy—ee (STARIlight)
Py evic OU+U 193 Gev — Hot_Med (broadened p + QGP)

p;>0.2 GeVie, In¢l<1, |y*°|<1 4 - - - Photonuclear produced p, ¢
Centrality: 60-80%

STAR:PRL 121 (2018) 132301
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—— Au+Au Cocktail

* [ he invariant mass Mee shape of the low
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[Zha et al.: PLB 781 (2018) 182, STARlight: PRC 97 (2018) 054908]
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® [he excess Is dominated by photon-photon
iInteractions

T

dN/dp_ ((GeV/e)™h
=

Data - Cocktail @ Au+Au 200 GeV]- - Hot_Med + yy—ee (Zha et al.)
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Low-pt J/Y And Di-electron Enhancement

PTETEVSEEEE * Significant di-lepton enhancement at

| Centrality: 60-80%

" Solid: Au+Au 200 GeV k¢ 0.76-1.2 GeV/e* x 107
- Open: U+U 193 GeV 00 12-2.6 GeVie2 x10* oW - PT

—— Au+Au Cocktail -]

~ 8 % [he invariant mass Mee shape of the low

- == : .
i ] P71 region described well by two models
! ﬁ;%—*’ e [Zha et al.; PLB 781 (2018) 182, STARIlight: PRC 97 (2018) 054903]

RL 121 (2018) 132301 - No effect of hadronic interactions on virtual
o= — photon production
pt>0.2 GeV/e, Infl<1, |y*|<1 _ ® [he excess Is dominated by photon-photon

04 06 08 1 iInteractions
pT(GeV/c)

T

dN/dp_ ((GeV/e)™h
=

[y
S
N

-y
<
)

[y

S
o
o

 Data - Cocktail @ Au+Au 200 GeV]- - Hot_Med + yy—ee (Zha eral) ]

' pee < 0.15 GeV/ 1 \Y Hot_Med + yy—ee (STARIight)s
| Pr evie o U+ 153 Ge — Hot_Med (broadened p + QGP):

p;>0.2 GeVie, n°l<1, |y*|<1L--- Photonuclear produced p, ¢ .
Centrality: 60-80%

STAR:PRL 121 (2018) 132301

dN/dM,, ((GeV/cH)™h

photon-photon
interaction o< Z4
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Low-pl J/Y Enhancement

* Significant J/y enhacement at low pr
STAR o U+U 40-60% . )
3 U+U 60-80% relative to extrapolation

arXiv:1904.11658

¢ Au+Au 20-40%
e Au+Au 40-60%
= Au+Au 60-80%
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Low-pl J/Y Enhancement

* Significant J/y enhacement at low pr
STAR © U+U 40-60% : :
7 U+U 60-80% relative to extrapolation

* | ow-pr Vield enhancement most
] consistent with the
 AutAu 20-40% X Nucleus+Spectator scenario in the

e Au+Au 40-60%

= Au+Au 60-80% coherent photoproduction model

| W.. Zha et al.; PRGC 97 (2018) 044910]

® [here may exist a partial disruption by
hadronic interactions in the overlaping region

centrality (%)
10

7060 50 40 30

* Au+Au 200 GeV p.<0.1 GeV/c
o U+U 193 GeV T

10} [] Expectation of hadronic production Nucleus/Spectator

Ann. Rev. Nucl. Part.
Sci.55:271
(2005)

"rzp)m ,q)’ J/‘l’
— Nucleus+Nucleus
----Nucleus+Spectator

---- Spectator+Nucleus
Spectator+Spectator

pomeron

Nucleus/Spectator

photonuclear
interaction o« Z2

arXiv:1904.11658
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Global Hyperon Polarization

Beam-beam STAR, Nature 548 (2017) 62-65
counter

Beam-beam
counter

Quark—gluon
plasma

Forward-going

dN :l(1+ozH\’PH\cos 0y beam fragment
dcos6* 2

o = kgT (?A’ —|—?K/) /h
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Global Hyperon Polarization

* Measurement of vorticity w of the QGP (perfect liquid)

Beam-beam
counter

STAR, Nature 548 (2017) 62-65

Nature548.62 (2017)
oA OA

Beam-beam
__ counter

PRC76.024915 (2007)
+A CEYN

this analysis

Quark-gluon A AR

plasma

Forward-going

dN beam fragment

dcos0* 2 B
Q):kBT(TA/+TK/) /h

= %(1 + ozH\’PH\cos 0"

UrQMD+VvHLLE, A Epjc 77 (2017) 213
—— primary - - - primary+feed-down

* With the new 200 GeV results, the polarization A2 00 s s cown
IS found to decrease at higher collision energies "

* May provide important information on the oA PRC98 2010 1910

chiral dynamics of the system
® Axial charge separation due to the Chiral Vortical Effect [PRC 97 (2018) 041902]

* Difference between PH and Pr provide constraints on the magnitude and the
ifetime of the magnetic field in heavy-ion collisions [PRC 95 (2017) 054902
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Outlook: Forward Upgrade

STAR Forward Detectors: FTS + FCS  (2.5<n<4.0)

Forward Calorimeter System

Forward Tracking System

HCal

Silicon + small-Strip Thin Gap Chambers (sTGC)

* Positive internal review in November 2018 - will be ready for 2022
* Cold QCD and heavy-ion physics

David Tlusty (Creighton) IV ST S hES 21
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Summary

* Collectivity plays an important role for the flow in small systems
® Small droplets of QGP?
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Summary

* Collectivity plays an important role for the flow in small systems
® Small droplets of QGP?

* Strong collective behavior of charm quarks
* Net-proton directed flow hints softening of equation of state
* Charm baryon-to-meson production ratio comparable to light hadrons

* CPT symmetry seems to be not violated in the light hyper-nuclel
sector
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Summary

* Collectivity plays an important role for the flow in small systems
® Small droplets of QGP?

* Strong collective behavior of charm quarks

* Net-proton directed flow hints softening of equation of state

* Charm baryon-to-meson production ratio comparable to light hadrons

* CPT symmetry seems to be not violated in the light hyper-nuclel
sector

* |lon collisions generate strong magnetic field
® Dielectron excess yield at low pr is dominated by photon-photon interactions
® Significant J/i enhacement at low pr

* (Global Hyperon polarization decreases at higher energies

® (Constraints on the magnitude and the lifetime of the magnetic field in heavy-ion
collisions

N
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* Collectivity plays an important role for the flow in small systems
® Small droplets of QGP?

* Strong collective behavior of charm quarks
* Net-proton directed flow hints softening of equation of state
* Charm baryon-to-meson production ratio comparable to light hadrons

* CPT symmetry seems to be not violated in the light hyper-nuclel
sector
* |lon collisions generate strong magnetic field

® Dielectron excess yield at low pr is dominated by photon-photon interactions
® Significant J/i enhacement at low pr

* (Global Hyperon polarization decreases at higher energies

® (Constraints on the magnitude and the lifetime of the magnetic field in heavy-ion
collisions

* Beam energy scan phase |l Is ongoing
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* Net-proton directed flow hints softening of equation of state
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collisions
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Summary

* Collectivity plays an important role for the flow in small systems
® Small droplets of QGP?

* Strong collective behavior of charm quarks
* Net-proton directed flow hints softening of equation of state
* Charm baryon-to-meson production ratio comparable to light hadrons

* CPT symmetry seems to be not violated in the light hyper-nuclel
sector
* |lon collisions generate strong magnetic field

® Dielectron excess yield at low pr is dominated by photon-photon interactions
® Significant J/i enhacement at low pr

* (Global Hyperon polarization decreases at higher energies

® (Constraints on the magnitude and the lifetime of the magnetic field in heavy-ion
collisions

* Beam energy scan phase |l Is ongoing
* |Important upgrades in forward region
* Stay tuned - many more exciting results are coming
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Backup Slides



STAR, PRC 96 (2017) 044904
Au+Au 39 GeV (GCE)

 Au+Au CO||ISIOnS o
T (g STARPRC96(2017)0ido0s @ﬁﬁ
B URRT Bl . 2 **
@ e T <3 : : Tch Tkin *

A Yk World data
@ B STARBES

--- T, Andronic et al.
--T,, Cleymans et al.

® 00-05% Cfeymans et al.

------- 3040Andron,ceta| 50 100 150 200 250 300 350
A 60 800/0 : < N >
: part

700500 500 400 particles used for the THERMUS fit

MB (MeV) [Wheaton et al., CPC180 (2009) 84] : % World data

m STARBES

* [ch - chemical freeze-out temperature 10 100 1000

® particles included in'the THERMUS model fit were i, K, p, p, A, and = | (GeV)
® [qnappears to be lower when strange particles were excluded from the fit

* [ - Kinetic freeze-out temperature

® the separation between between Teh and T grows with Increasing energy
* might suggest the effect of increasing hadronic interactions between chemical and kinetic freeze-out at higher energies

* ( 3) - radial flow velocity
® rapid x slow increase at lower x higher energies
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