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Goals of the STAR experiment:

N

- Studies of the QCD phase transition between hadronic and partonic
phase and of the sQGP formed in A+A collisions at RHIC.

- Search for new phenomena

- Origin of the spin of the nucleon using polarized p+p collisions.

sQGP: expected to be u, d, s, ubar, dbar, sbar, g state.

Heavy quarks (c,b) at RHIC are produced in
hard processes in the initial stage of the
collision and witnhess all the stages of the
evolution of a heavy ion reaction

They are expected to be withessing
modifications which can reveal the
characteristics of the medium they traverse
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Open Heavy Flavor in p+p collisions allow to:

Test models and understand HF production in p+p and
in A+A collisions

Infer the modifications in A+A with respect to p+p
(quenching in A+A) to extract characteristics of the sQGP

Allow to use HF to search for mass hierarchy of radiative energy loss

Help to understand quarkonia
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Mgye =0.35GeV

L=5fm, 1=1fm
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[ STAR charged hadrons py > 6 GeV/c —— |ll: DGLV R+EL
I: DVGL R ——— IV: van Hees EL
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Il The STAR experiment at the Relativistic
Heavy lon Collider (RHIC)
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Relativistic Heavy lon Collider
at the Brookhaven Lab, Long Island, New York, USA

. —— — — e WA
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—— RHIC has been exploring
M nuclear matter at extreme
conditions over the last 18
years, since 2000

4 experiments initially:
STAR PHENIX
BRAHMS PHOBOS

Still runing: STAR

Main colliding systems:

p+p, p+A, d+Au, Cu+Cu, Au+Au

Cu+Au, U+U, Zr+Zr, Ru+Ru
Main energies A+A :

Vsnn = 62, 130, 200 GeV

and low energy scan

7.7,11.5, 19.6, 22.4, 27, 39, 54 GeV
+ Fixed target

Still analysing data: PHENIX
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The STAR detector

TPC

Tracking and PID (full 2m)
TPC: In|l < 1

TOF: |In| < 1

BEMC: |n| < 1
EEMC:1 <7 <2

HFT (2014-2016): [n| < 1
MTD (2014+): [n] < 0.5

MB trigger and event
plane reconstruction
BBC:33< |n| <5

EPD (2018+): 2.1 < |n| < 5.1
FMS:25<1n <4
VPD:4.2< |n| <5
ZDC:6.5< |n| < 7.5

On-going/future upgrades
iTPC (2019+): |n| < 1.5

eTOF (2019+):—16 <n < -1
FCS (2021+):25<n <4
FTS (2021+):25<n <4
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130 Gev

LHC 2.76 TeV
RHIC 200 GeV
— — -

Quark-Gluon
Plasma
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Temperature

Baryon Chemical Potential p;

RHIC Top Energy

p+p, p+Al, p+Au, d+Au, *He+Au, Cu+Cu,
Cu+Au, Ru+Ru, Zr+Zr, Au+Au, U+U

e QCD at high energy density/temperature
* Properties of QGP, EoS

* Spin of quarks and gluons

Beam Energy Scan

Au+Au at Vsyy =7.7 - 62 GeV
* QCD phase transition

* Search for critical point

* Turn-off of QGP signatures

Fixed-Target Program
Au+Au at Vsyy =3.0-7.7 GeV
* High baryon density (ng ~ 420 - 720 MeV)

“Gang Wang
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lll Transverse momentum spectra of HF in p+p

collisions
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Transverse momentum spectra of HF in p+p

collisions at 200 GeV
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PYTHIA v6.416
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Transverse momentum spectra of HF in p+p

collisions at 500 GeV
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2 -2
dPo)/(2np. dp_dy) [mb(GeV/c)?]

—k— dop. /0.224 from HT2 Run 12
—@ — dop. /0.224 from Min Bias Run 12
—Jll— do /0.565 from Min Bias Run 12
—— - Levy fit to Run 12 points

= = = = Power Law fit to Run 12 points

STAR preliminary
p+p Vs = 200 GeV

—_

—@— doy,. /0.224 from Min Bias Run 09
—— do;/0.565 from Min Bias Run 09
Levy fit to Run 09 points
—————— Power Law fit to Run 09 points
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STAR Preliminary
p+p Vs = 500 GeV
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IV Cross section ccbar
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Au+Au |s, =200 GeV

® 2014
O 2010/11

p, > 0 GeV/c

STAR Preliminary
Au+Au, (S, =200 GeV Ko: three quar
10-80%

25 35 5

8
P, [GeV/c]

Ko: Phys.Rev.C 79 (2009) 044905
Greco: Eur.Phys.J.C (2018) 78:348
SHM: Phys.Rev.C 79 (2009) 044905
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Charm Hadron Cross-section (ub)

AuAu 200 GeV
(10-40%)

* derived using A!/D’ratio in 10-80%
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Production mechanisms of charm in p+p

collisions at 200 GEV
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V Azimuthal angular correlations
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Non photonic electron - hadron

Azimuthal angular correlations
p+p 200 GeV
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NPE-had Ag

Pythia 8 Simulation - B—NPE
- D—=NPE

=,

5.5<pT <6.5 GeV/c

1N, - dN/d(A)

Apezp = (R X A¢pp + (1 — R) x A¢p) x Norm
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STAR Run 6: Phys.Rev.Lett. 105, 202301 (2010)
FONLL: Phys.Rev.Lett. 95 122001 (Preprint hep-ph/0502203)

NPE p_ (GeV/c)
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Non photonic electron - D0

Azimuthal angular correlations
p+p 200 GeV
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® e-h correlation

© e-D° correlation
— FONLL
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Non photonic electron - hadron

Azimuthal angular correlations
p+p 500 GeV
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NPE-h correlation in 500 GeV p+p Collisions
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> Raw correlation w/o efficiency correction
> Associated hadron with py > 0.3 GeV/c
> Clear azimuthal correlation on the near-side, and the correlation signal increases as NPE p; increases.
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PYTHIA Slmulauon for 500 GeV p+p Colllsmns

T NI uc\.dy - T NULWVINI ucudy -

—_ charm decay 1 r —_ charm decay ]

8 N
2.5<P(trig)<3.5 GeV/c - 3 S<P(trig)<4.5 GeV/c 1T ~-bottom decay | T - bottom decay
] 18 8-
4.5<P(trig)<5.5 GeV/c ] 5.5<P(trig)<6.5 GeV/c ]

A0 ©
T I

3

..A¢ :

—charm decay ; —charm decay | o[ ! ‘ ‘ ‘ ! 0 o ! ‘ ! ! ! 3
1 —charm decay

-- bottom decay [ -- bottom decay . —charmdecay - [ ]
-- bottom decay L -- bottom decay

6 5<P(trig)<7.5 GeV/c ] _7 S5<P(trig)<8.5 GeV/c 1oy 5<PT(trlg)< 05 GeV e

o Bl e e R
3 - x E 3

Ao Ao

— [ : : e —
— charm decay - : —charm decay -
-- bottom decay -- bottom decay

< Significant difference between D and B decays on
the near-side at low py
< Correlation signal increases as trigger p; increases
< Difference between e(D)-h and e(B)-h correlation
decreases as trigger pr Increases
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e p+p@500GeV, STAR Preliminary
o p+p@200GeV, STAR PRL 105, 202301 (2010)
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VI Heavy Flavor -> Non Photonic Electrons

p+p 200 GeV
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Heavy Flavor -> Non Photonic Electrons
(NPE)

With HFT (Au+Au) and use of electron DCA
compared to p+p 200 GeV
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STAR Preliminary

_ @ STAR Au+Au HFT

Au+Au @ 200 GeV
0-80 %

1 @ STAR p+p e-hadron correlation
—— PHENIX Au+Au VTX
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FONLL p+p

p+p Phys. Rev. Lett. 105 202301 (2010)
PHENIX: Phys. Rev. C. 93.034904 (2015)
FONLL: Phys. Rev. Lett. 95, 122001 (2005)

4 5
p°T (GeV/e)

Open HF in p+p collisions with STAR at RHIC,
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STAR Preliminary

Aut+Au s =200 GeV B—se B—e

RB—)e _ f J AutAu Rmc .e D—)e — — JAutAu pinc.e
— [ Boe > TrAA fB—>e AA
pt+p

R5:27¢ uncertainty

8 9
p, (GeV/c)

Raa (€p) < Raa (€p) (~20 at 3-8 GeV/c)
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VIl Conclusions and outlook
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STAR has a wealth of new results using the latest
detector upgrades and dedicated RHIC runs with high
statistics

DO, D* pT spectra in pp 200 GeV collisions agree with
FONLL

Preliminary DO, D* pT spectra in p+p 500 GeV collisions
extend acceptance to 20 GeV and agree with FONLL

B/NPE vs pT measured in p+p 200 GeV and 500 GeV via
corellations

DO cross section per NN binary collision in Au+Au is

lower than p+p collisions 200 GeV, while it remains
constant vs centrality

44
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Total charm cross section in p+p 200 GeV agrees with
Au+Au 200 GeV

RAA(B->e ) > RAA(C->e) for Au+Au collisions 200 GeV
using information of DCA of electron (Via HFT) suggest
mass hierarchy of Heavy Flavor suppression at high pT

New results on Heavy flavor will be coming soon out of
the large data sets with and without HFT.
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NLO:

m=1.27 GeV/c?
u./m=2.1
u/m=1.6

STAR preliminary

NLo ™
STAR p+p Run 12, 11 NLO limit
STAR p+p Run 9" sPS/FNAL®!
ALICE™@ PHENIX e
ATLAS Preliminary Pamir/Muon
LHCb Preliminary

(3]
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Au+Au @ 200 GeV  STAR Preliminary
® O 2014

(a) 0-10%
mM
o)

(b) 10-40%
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SPS 17.3 GeV (PbPb) [0 GLV: dN/dy = 400

O 20 WA98 (0-7%) GLV: dN/dy = 1400

GLV: dN_/dy = 2000-4000
RHIC 200 GeV (AuAy) Nydy
— YaJEM-D
0 7° PHENIX (0-10%)
---- elastic, small P___
Yr .59,
h" STAR (0-5%) --- elastic, large P_

LHC 2.76 TeV (PbPb)

-+= YaJEM
®  CMS (0-5%) — ASW

¢ ALICE (0-5%) PQM: <g> = 30 - 80 GeV?/fm

100 200
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Table 8: Event statistics (in millions) needed in BES-II for various observables. This table updat
estimates originally documented in Ref. [45].

Collision Energy (GeV) 7.7 9.1 11.5 145 19.6
pp (MeV) in 0-5% central collisions 420 370 315 260 205
Observables

Rcp up to pr =5 GeV/c - 160 125 92
Elliptic Flow (¢ mesons) 80 120 160 160 320
Chiral Magnetic Effect 50 50 50 50 50
Directed Flow (protons) 20 30 35 45 50
Azimuthal Femtoscopy (protons) 35 40 50 65 80
Net-Proton Kurtosis 70 & 100 170 340
Dileptons 100 160 230 300 400
>50 Magnetic Field Significance 50 80 110 150 200
Required Number of Events 100 160 230 300 400

+100M for each FXT energy

Typically factor 20 more than for BES-I

Sonia Kabana for the STAR coll., Open HF in p+p collisions with STAR at RHIC,

March 2019, Indore, India



STAR Preliminary

Au+Au, SNN =200 GeV == Ko: three quark (0-5%)

-+-- Ko: di-quark, (0-5%)
--= Greco (0-20%)

P, [GeV/c]
Ko: Phys.Rev.C 79 (2009) 044905
Greco: Eur.Phys.J.C (2018) 78:348
SHM: Phys.Rev.C 79 (2009) 044905

« Strong enhancement of A¢ production compared to PYTHIA calculations
« Suggest coalescence hadronization of charm quarks in QGP at intermediate
prT (2-6 GeV/c)
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STAR Preliminary STAR Preliminary STAR Preliminary

Au+Au ‘/ﬁ =200 GeV Au+Au \/% =200 GeV Au+Au % =200 GeV

0
0-80% ® B-Jly (0-8:)%/FONLL) 0-10% ® B—D (0-2(:,%/FONLL) 0-80% ® B—e
O inclusive D O inclusive D

2 3 4 5 6 17
Transverse Momentum (GeV/c)
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STAR future plans

Au+A Grand Canonical Ensemble
0.18 Q?OGDV STAR Preliminary
i A.‘;'m.av
N ' Q. 0.14} 4 yoone S
§ S S 2T/ }_5 O 05-10% (77Gev
E n”#v.fp% y e 0.12 ® 10-20%
r%?‘.,\\ e o1 40-60% === Andronic
: S, | . 50-80%
Beam Energy Scan (BES) 11 2019-2020 L W R R
Will continue the BES | program e ensl Sl

"Hot" QCD, search for a possible critical point and
discontinuities in the energy dependence of QGP
signatures

-> FAIR and NICA

STAR forward rapidity program (2.5-eta-4): Hcal, Ecal,
tracking (Silicon and sTGCs)

"Cold" QCD, Proton TMDs, gluon saturation

Test Electron lon Colider (EIC) detector technologies
Milestone: 2021 p+p run and sPHENIX data taking 2022+
-> EIC
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Beam Energy | /snn (GeV) | ug (MeV) | Run Time | Number Events

(GeV /nucleon)
9.8 19.6 209 4.5 weeks 400M
7.3 14.5 260 5.5 weeks 300M
5.7 11.5 315 5 weeks 230M
4.55 9.1 370 9.5 weeks 160M
3.85 7.7 420 12 weeks 100M
31.2 7.7 (FXT) 420 2 days 100M
19.5 6.2 (FXT) 487 2 days 100M
13.5 5.2 (FXT) 541 2 days 100M
9.8 4.5 ( FXT) 589 2 days 100M
7.3 3.9 (FXT) 633 2 days 100M
5.75 3.5 (FXT) 666 2 days 100M
4.55 3.2 (FXT) 699 2 days 100M
3.85 3.0 (FXT) 721 2 days 100M

Sonia Kabana for the STAR coll.,

Open HF in p+p collisions with STAR at RHIC,

March 2019, Indore, India
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STAR upgrades

lane | Jetector

N =, — Al
!I y' ", }
> A y
e i
R R er™ ! ! —— ] . .
“\A = |- _;:‘ NS 3 / A

ITPC: ‘i:her sector of TPC. Extends peudorapidity acceptance
from 1 to 1.5. Improves dE/dx

Endcap TOF: particle identification 0.9-eta-1.5

Event Plane Detector: will provide better and independent

determination of centrality and event plane
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