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Properties of Nuclear Matter

> Quantum Chromodynamics (QCD) - fundamental
description of strong interactions

QCD Phase Diagram
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Create Quark Gluon
Plasma in a laboratory
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Relativistic Heavy-Ion Collisions

pre-.
7 ”mg‘ viscous hydrodynamics

free streaming

collision evolution
t~0fm/c t~1fm/c T ~ 10 fm/c t ~ 10" fm/c
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Collision evolution

_ w, K, p, ..
% K.p. .. tlTe
\ | T
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Phase (< 1p)

a) without QGP b) with QGP




Collision geometry

> Central collisions: b ~ 0
> Peripheral: b ~b__

Number of participants (N__.): number of
iIncoming nucleons in the overlap region

Number of binary collisions (N, ): number
of inelastic nucleon-nucleon collisions

participants

before collision after collision
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o 5 Elliptic flow
plann\
% / - Initial spacial anisotropy
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Azimuthal momentum distribution
expanded into Fourier series:

dN N
. " =5 [1 + 2vy cos(¢p) + 2vs cos(2¢) + - - -
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Nuclear modification factor

1

"hard"

2 3 4 5
Tranverse Momentum (GeV/c)

Particle production in
A+A compare to p+p

Yield,, (pr)

R . V. O\Y 3 N
wa(Pr) (Nbin)  Yield  (p;)

> No medium effect:

« R, < 1inregime of soft
physics

«+ R,, =1 athigh p, - hard
scattering dominates -
A+A superposition of p+p

> Suppression:

+ R,, <1 athigh p,

Barbara Trzeciak
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Relativistic Heavy lon Collider

—= APHOBOS) ~ Jet Target

10:00-0%clock 12:00 o’clock




5/2/20

Relativistic Heavy lon Collider

12



RHIC Heavy lon Collisions

« Different species at
different CMS energies

'Year ' System ' Vs [GeV]

Heavy ion runs
200 AvAv 20

« More data each year

. 2014 Au+Au |

2005 200, 62.4, 22
20

2009 200, 500
AU+AU 200,19.6,27
P+p 500
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| E2011 Au |
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Understanding QCD Phase
Diagram
15*‘:“;":‘” oo - Top RHIC energies
« Hot and dense sQGP
 Initial conditions

- Beam Energy Scan at
RHIC

> Study QCD phase
structure
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v Phase boundary
v QCD Critical point

Crifical Poiri
Color~

Hadron Gas y
\ Superconductor

MNuclear

- Vacuum RNt A i S >So far: 7.7, 11.5, 14.5,
0 MeV —,,"" - [
19.6, 27, 39 GeV
Baryon Chemical Potential > BES-II: focus on energies

< 20 GeV
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STAR Detector




PHENIX Detector

Central Arms

Muon Arms
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PHENIX Detector
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Particle identification

Electron Identification

..

02 04 06 08 1
p| [GeV/c]
— 8 S
g £ |/ TPCPID|
o 'F
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qp| [aGeV/c]
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dE/dx (keV/cm)

“Au+Au 200 GeV " TOF [1/B-1] <003

1 5 0.2 1
Momentum (GeV/c)

1 11 1111 1
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o High p,: TPC + BEMC

o Data

0.5 1 15

3<p<5GeVic

4 Simulation

Electrons
Au+Au 200 GeV -

E/p



Heavy Flavor Physics




hy heavy flavor




Why heavy flavor
e

> Unique QGP probes

> Produced in initial, hard scattering,
stage of the collisions

> Masses external to QCD

> Sensitive to initial gluon density
b and distribution

> Interact with the
medium differently
from light quarks




Why heavy flavor

> Production and elliptic flow sensitive to dynamics of
the medium - degree of the medium thermalization

> Parton energy loss mechanism

> Medium induced gluon radiation

ENERGY LOSS 3 > Dead cone effect -
reduction of emission
dead cone ight probability in particle

ﬁaﬁ\ direction
AE>AE >AE>AE,?

My, =0.35GeV
L=5fm, A=1fm
15 20
E [GeV]

M.Djordjevic PRL 94 (2004)
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Energy loss

AE = AE,;; + AE, 44

> Collisional energy loss

- elastic scattering
with the medium
constituents (low
momenta)

.inelastic scattering
(high momenta)

> Radiative energy loss -

q: faatcolourtﬂplet.,, §
0, Induced
gluon
999 radiation

o

w w

i. E 8

g: fast colour octet

SAYRVAYAY

Q: slow colour Energy
triplet

S
] i
[ I
&

> Dissociation ]

QQ: slow colour
singlet/octet

Y*: colourless

v: colourless y Controls

QCD medium

Barbara Trzeciak



Heavy Flavor Physics
at RHIC




Selected A+A results

Heavy Flavor Physics
at RHIC




Open Heavy Flavor and
Quarkonia

Heavy quarkortia

Barbara Trzeciak
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Open heavy flavor

Open Heavy Flavor




Open Heavy Flavor

> Direct reconstruction of open charm .

» direct access to heavy quark S Y4
kKinematics 3¢ \!\‘
~ high statistics compete with large < —
combinatorial background w/o good vertex DY

resolution
« difficult to trigger

® > Non-photonic electrons (NPE) - !
electrons from semi-leptonic HF

H@®lron decays

v higher branching ratio "

$
S
X

v easy to trigger

» indirect access to heavy quark K
kKinematics

JU * Courtesy of David Tlusty

«~ contribution from cand b
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D p. spectra in p+p 200 GeV

do? /(2xp_dp._dy) [mb(GeV/c)?]

AL

1 0-1 '\ I I I | I T L I I I I I I 1 I l T L I
| N —e— dop,. /0.224 from HT2 Run 12
, TI‘ —@— do,. /0.224 from Min Bias Run 12
10
—Jll— do;/0.565 from Min Bias Run 12
— - Levyfitto Run 12 points
102 % - = = = Power Law fit to Run 12 points
10* \‘_
—@— do,. /0.224 from Min Bias Run 09 ";-"-.. .
10° —A— do,/0.565 from Min Bias Run 09 iﬁ*u,
------- Levy fit to Run 09 points \:"*-.b_
S —————a Power Law fit to Run 09 points \\ n"‘-..,,'
10 FONLL $\=_‘ *
1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 Il‘.:"‘:
2 4 6 8 10
P, [GeV/c]

*Agreement with theoretical calculations
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D p. spectra in p+p 500 GeV

_ L] ! L] I L] I L] I I I I I Ll ! 1 I I Ll 1 I I L] L) l I I 1 | I I L] I I ! L] | ! 1
10"
o b STAR Preliminary —e— dop. /0.224 from BHT1 data
© 107 "l‘ p+p Vs = 500 GeV —F— doy,. / 0.224 from Min Bias data
E 103 & —m— doy / 0.565 from Min Bias data
rel m | - Lévy-fit to All Data
% 10° g FONLL g = u- = 1.5 GeV/ic® | =
= - e =
T ] %, FONLL pg =ue = 1.27 GeV/c
» o 10° o i E
T_ -, =
2 10° Ctia -
& e, =
— - —
‘ 219 107 e . =
¥ e f
10 w‘a
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0
b » *Agreement with theoretical calculations
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D in Au+Au 200 GeV

In central collisions strong suppression at high p_ -
strong charm medlum mteractlon
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D in Au+Au 200 GeV

v Similar suppression to light hadrons

20T ' [ ' [ ! | ' ' '
o 190 AusAu 200 Gev (D*+DY)2, Iyl < 1? 2E - 40-80% (b) j
S lFewe % 0-80% o
; i 9\ O 0-10% [x2 <2 _—' | AutAus D° + X @ 200 Gev y104+y1T]
D s .. O 10-40% [ O L . 010 :
S 10 e, T S O A00RIE A g =
> = B n* 0-12% .
\ ®) __#“nﬁc ~ . RN B i
— @:\ ¥ R T F
Q. L =~ %\ h ‘@\ RN .. [ i
O L B & = -2 i :
Q 10*[ N S - $ -
cﬁ \ﬁx %c\ R ~ “I 05 B H $| Iz-:] |
o - - - .
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= - ) e 0 2 4 6 &
% 1075 O p+p D*+D* [x2] & _ P, (GeV/c)
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in U.OE Q ape 2 o) ?
T 1 | 1 | ] | ] ] I - I ) 1 i 1
0 2 4 6 8 0 2 4 6
TransverseMomemtum p. (GeV/c)
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U+U Collisions

Higher energy density
Au+Au Collisions I
= 1.6
1.4
1.2
1
o 0.8
U+U Collisions 06
0.4
0.2

| S S SN B B R A i
0 10 20 30 40 50 60 70

Centrality [%]
Kikola, Odyniec, Vogt, Phys. Rev. C 84, 054907

AuAu

Uu
ep /€

Oblate

AR AR AR AR LA AL LA LA
.
.
-
e
L
L]
L

+
w
= 10° STAR preliminary
Prolate a
© 10*
T 10°
Higher N__,
102

— 200 GeV Aut+Au
— 193 GeV U+U

10

v 200 400 600
Barbara uncorrected dN_, /dn
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d°N/(N 27p_dp_dy) (GeV/c)?

5/2/2015
EZE o

Din U+U 193 GeV

v Similar behavior in U+U and Au+Au

" UsU 193 GeV (|I::°+E”)/2, I|yl <1
* 0-80%

® 0-10% [x20]
m 10-40% [x5]
¢ 40-80%[/2]

T O p+p D°+D* [x2] o 8

- = = p+p Levy scaled by (N )for Au+Au 200Ge

o Levy scaled b N for U+U 193GeV
1 F+p Yy 1 Y( '”> I " ? !

Y OO () Au+Au 200 GeV \ﬁ )_
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8

2
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1

TransverseMomemtum p, (GeV/c)
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RAA

NPE in Au+Au 200 GeV

2 I T T T | T T T |
@ 0-10% (Ncoll: 941)

i'}\?w Preliminary [ g= 0-12%

15 O D% 0-10%

f2ma normalization uncertainty

0.5

—
]

M T

4 6 3 10
p, (GeVic)
ST

025 T T
[ ---- charged hadrons v _ {Event Plane}, 0-80% -

T m NPEv,{2},0-60% ]
0.2 o NPE v, {4}, 0-60% —
0.15F $ =
S} :
0.1~ ;L‘ “%E ]
0.05;’;':-"-"u STAR Preliminary _f
Mg Au+Au 200 GeV ]

0 |I|_I| 1 I 11 1 1 I | - 11 I L1 1 1 I 1 11 1 I L1 1 1 I 11 11 I L1 1 1
0 1 2 3 4 5 6 7 8

p,. (GeV/c)

v Strong suppression at high
Pr
« Similar to D° mesons

and light hadrons
suppression

NPE includes both
candb

v Finite v, at low and

intermediate p,

> Suggests strong charm-
medium interaction, but
more precise
measurements of D° v,

are needed

Tzeciak 35



NPE in Au+Au 200 GeV

ﬁlﬂ. 1 3 T 1T T T T 1 T T 1 T T 11 T T 11 T T T T T T 1 T T 171
2 T T T I T T T I T T T I }_ : I H II I I I I I :
- STAR AusAu 200 GeV, 0-10% 1 7 016F ool 200 GeV, 0-60% centrality
L Preliminart DGLV Rad. dN,/dy = 1000 ] - BAMPS e =
L - nary DGLV Rad+EL - 0.14F == BAMPS heavy quark —
1.5 B - g‘mﬂﬁfs&t al. 7] 0.12 Z_ —m Gosstaux et al. _Z
- = —— Collisonal dissociation. . - u ]
- e Ads/CFT D=3 - 0.1 =
E 1 B o —== Gossiaux et al. i C ® 7
o [ 0.08F —
. 0.06F —
0.04F =
0.02 i -
b Of== :
0

Gluon radiation scenario alone fails to describe
large NPE suppression

No model can successfully explain the
suppression and v, simultaneously

Barbara Trzeciak 36
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NPE v, - energy dependence

0.3F 4 NPEv,(2200GeV 0-60%MB  STAR Preliminary
0.25E * NPE v,{2} 200 GeV 0-60% HT =
F v NPEv,{2} 39 GeV 0-60% MB =
0'2;_ a NPEv,{2} 62 GeV 0-60% MB E
0.15F . T =
><‘\l Ol;_ : E, R E fin § _;
0.05F = =~ =
E o0 -
> N j BE
-0.05F ; d I3
'0-1:_....|....|....|....|........|......._:
. 0O 05 1 15 2 25 3 35 4
P, (GeV/c)
v At p; <1GeV/clowerv, at 39 and 62.4 GeV
. compare to 200 GeV
* Hint of a difference in the degree of

® charmed-medium interaction at lower energies
™ Barbara Trzeciak 37



NPE in Au+Au and Cu+Cu 200 GeV

PHENIX: Phys.Rev. C90 (2014) 034903
2_"'|"'|"'|

T T T | T T T
.« d+Au 0-20%
= Cu+Cu 0-10%

—
O
T

» Au+Au 0-10% _|
3 £t L ]
| ]
o1 =T L .
. - g * * + ]
0.5_— ]
L = 3
B Global error; +9.9% ¢ {

N T T B B S R -
S I R 6 8 10
p [GeVic]

v d+Au - Cold Nuclear Matter (CNM) effects -
not related to hot and dense medium
v Au+Au - hot medium effects

v Cu+Cu suppression between d+Au
and Au+Au
™ Barbara Trzeciak 38




e/w

e/ut :{; - . p+p  \s=200 GeV lyl<0.35
% 10°= ® Measured Yield
O e &HE Total signal
210°= —
e 7R % —— Y(1S42S+38)
Heavv quarkortfia # ™ Correlated cT and bb
ydq =107 H#tH Drell-Yan
105—
1=

N P - : o
2 3 4 5 6 7 8 910
e*e” invariant mass [GeV/cE]




Why quarkonia

Charmonia: J/y, y(2S), %, Bottomonia: Y(1S), Y(2S), Y(3S), x,
J/Y - ete (U W)

i - guarkonium suppression in

QGP in heavy-ion collisions T/Te 1/(r) [fm1]

Y(15)

%o (1P)

J/(1S) Y'(2S)

suppression of different xb'(IZPP) Y'(35)

states is determined by T (1P} w(2s)

and their binding energies
@ Screening radius:

FD(T) «x 1/T

PN Barbara Trzeciak 40




Other effects

Still unclear In elementary
collisions

prompt: direct |/w (~60%) + feed down from y(2S) and yc
D (~40%); non-prompt: B-mesons feed-down (up to 25% at 12
GeV/c, Phys. Lett. B722 (2013) 55)

. - nuclear

(anti-)shadowing, Cronin effect, nuclear absorption, ...

Other _

. regeneration, .
Co-g 0

(<) — @0 Og
screening . .

Barbara Trzeciak 41




Strategy

- High-p_J/y and I - cleaner probes

 High-pr J/y - almost not affected by  [Fi 70 007X 6ev) 055 0-20% -
CNM effects and recombination | 6[.— = prim. w/fte+Bfd — . - primordial w/fte

Lalt— regeneration S ﬁuc_ igs o

.. L total - — - Nuc. s. w/fte

., Y - negligible co-mover 120~ primordial O PHENIX -

< [ S T T T = ]

. : : ! e ]

> absorption and recombination 081 e AT .
0.6 - el —

at RHIC: o ~8ooub >> o, ~(2-2)ub 2"2‘-&%?_—::::1; ————————————————— 7

. t(GeV) X .Zhao and R.Rapp, |
Energy dependence of quarkonium Rov. C82, 064905 (20

production - varying relative
contributions

. - Measure quarkonia at different
- colliding systems and energies,

in different kinematic regions
™ Barbara Trzeciak 42




1.8

1.6

1.4

JAp in Au+Au 200 GeV

|A+A > J/y+X o  STAR AusAu
Sy = 200 GeV

® STAR (p, >5 GeV/c)

O PHENIX Au+Au (|y|<0.35)

Suppression increases
with collision centrality

High-pr Raa is
systematically higher
- J/yp at high-pr almost
not affected by CNM

effects and
recombination

‘e
A - High-pr J/y suppressed
00 50 100 150N 200 250 300 350 in central collisions
i > QGP effects
. I 1 dN/dy*™”

Barbara Trzeciak
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J/p in Au+Au 200 GeV

18 | ] | ] | | |
A+A - J/y+X @ STARAu+Au
1.6F — ® STAR(p.>5GeV/c) A
VS =200GeV o pHENIX AurAu (|y[<0.35)
1.4l Zhao, Rapp i
R I PP Liu et al.
1.2} $ -
=30 I R .
oC ) I
. 0.8_ ‘I‘ 2 N
0.6 ' -
pe p .
y c
0.2_ l ] ] ] ] ] @ ]
0 50 100 150 200 250 300 350

part

Suppression increases
with collision centrality

High—pT Raa IS
systematically higher

High-pr J/y suppressed
In central collisions

> QGP effects

- Models of Zhao et al. and
Liu et al.: direct J/y

production with color
screening + recombination

. .-> Both models describe the data well at low pr

Barbara Trzeciak 44



J/p in Au+Au 200 GeV

1.8 | T T T T T T . .
A+A — JAy+X @ STAR AusAu Suppression increases
Mo jsm=200Gev & BRSO a5 with collision centrality
i Zhao, Rapp (p. > 5 GeV/g) . .
[ I Liu et al. (p_ > 5 GeVic) High-pr Raa is
1.2 systematically higher
f 1 High-pr J/y suppressed
D o0s In central collisions
0.6 L. > QGP effects
0.4 ' i - Models of Zhao et al. and
ook | Liu et al.: direct J/y
0 50 100 150N 200 250 300 350 production Wlth color
part

screening + recombination

At high prLiu et al. model describes the data
well, while Zhao et. al model underpredicts
the Raa

Barbara Trzeciak 45



Energy dependence of J/y

A
N

< B N I L -4 Theory ™ R,4(200 GeV) PRC 84, 054912 (2011)
8K = 200 GeV — — 200 GeV theoretical curve ] [C 200 Ge Global sys.=  9.2%
6 - . 62.4 GoV — %gé gxec}i]:%\g?:egéﬁagucxreve: %;. gg g:: P ::Ag;z:.‘; GeV) ::;mx data/Our estimate]
0 [E— T : ] obal sys.= £ 23.
u [ p+p uncertainty 62.4 GeV ] [ =
2 = 39 GeV — g_'_g uncertainty 39 Gev = 1 19 A R,,(39 GeV) = PHENIX data/FNAL data
. B oba 5.= +
1.4r 1 p+p 200 GeV(statistics) Global sys.= * 19%
1.2 =
1 ~  STAR Preliminary 7] — -
0.8 _\ j 0 “"“:..,“u:n ELLE S TTTr e “EH“:“;I;:“:
0.6 i - Direct (x0.5)
0.4 . | Regeneration (x0.5) _ _._._._ . .. ._.----
0.2 } { I ,-‘-‘.' ..-‘-unu:r=:=:::===:===‘-='-=:=:=‘=’=:=:=:===’=:‘:=
ol L e 0
0 100 200 300 400 AU+AU N,
part P

v Suppression observed for all energies: 200,
62.4 and 39 GeV, similar trend in p,

>  No strong energy dependence of J/y Raa
> Data agrees with the model prediction

.  No p+p reference for 62.4 and 39 GeV - large
uncertainties
™ Barbara Trzeciak 46




JAp in U+U 193 GeV

« Similar suppression pattern in U+U and Au+Au
collisions, similar p_trend

< 2rC
< _
o gm AA I+ X —— Zhao-Rapp 200 GeV
- m Au+Au 200 GeV — — Zhao-Rapp 62.4 GeV
1.6— SEETY Zhao-Rapp 39 GeV
> - " AutAu62.4 GeV 1 N,,, uncertainties
14— w  Au+Au 39 GeV [ p+p 62.4 GeV uncertainty
C 0 p+p 39 GeV uncertainty
12— ® U+U 193 GeV MinBias ] p+p 200 GeV stat. uncert.

N2
=t

0.8

0.6

0.4

0.2—STAR Preliminary

L1 1 1 ‘ L1 1 | I L1 1 1 | L1 11 | L1 1 1 | | I T | | L1 1 1 | L1 1 1 | L1 1
‘ 0O 50 100 150 200 250 300 350 400
Npart
™ Barbara Trzeciak
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N
o
o

- xdo/dy (pb)
> ®
o o

iy
Y
o

120

100

Y(1S+2S+3S), B,

[o2]
o

60

40

20

Yin d+Au and

B TTT ‘ TTT | T ‘ ‘ ‘
- STAR (a)
—_\'{ISNN =200 GeV
- Y(1S+2S+3S) — I'T

R. Vogt
PHENIX NLO pQCD CEM

‘ PP i PP
<> dAu /1000 i}l dAu /1000

- STAR

Yk PP

@ dAu/ 1000

o

Ni}ll\ll\ll\II|III|I\I|\II|\II|III|III|III

..

S5 2 15 -

<
—

Y(1S+2S+3S) FIdAu
2 o o n

-
N

Au+Au 200 GeV

- STARR,,  (15+2S+3S)
STAR p+p Syst. Uncertainty
£— PHENIX
SN Shadowing, EPS09 (Vogt)
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« Agreement with models except y~0

> Suppression at y~0, in addition to
@ expected cold nuclear matter effects
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Y Au+Au 200 GeV

n:Zf 13% @ STAR AusAu STAR Au+Au, Centrality Integr:lae)d;
a 1.6:— B STARd+Au Strickland-Bazow Model _: S . .
3 1.4 p+p Stat.+Fit Uncertainty Emerick-Zhao-Rapp Model _f u p p reSS I O n I n C rea Ses
S, Ecomeomaaion o E with collision centrality
E« e . .

os - Strong suppression in

05 E central collisions

" sTAR Y(1S+2$+3§“) E

2= sy = 200 GeV ly I<1.0

0 '50 700 50 200 250 300 350 400
Npart

> Agreement with models that
Include presence of QGP
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The same trend in Au+Au and U+U collisions
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1 E... ...................................................
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Suppression of different I states

2
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v Indication of complete Y(25+35)
. suppression in central collisions

- > Sequential melting
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Particle identification

Electron Identification

..

02 04 06 08 1
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— 8 S
g £ |/ TPCPID|
o 'F
S 4
S 3

2 14 1.6 1.8 2 22 24

qp| [aGeV/c]
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o High p,: TPC + BEMC

o Data
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Upgrades




PHENIX Upgrade

Installed and taking data: FVTX

Silicon detector for precision
tracking at forward rapidity,
covering PHENIX muon arms
-b/c muon separation

-p(2s) at forward rapidity
-Drell Yan dimuon production

1.Durham - HP2013

Front view of VTX

» VTX provides two new capabilities:

1) Tag and reject conversion providing an independent
measurement of photonic background

2) Measure distance of closest approach to separate charm
and bottom components of heavy flavor spectra

=

Barbara Trzeciak 54




DCA, for c/b separation

—0.04
E T
8
E. s Uy 035 ¥
EWEE Merged events =T
C o - m
< g.03
100 B events g T
C D events Dmi_ e, *
10° = Background T : $
- X .
B 0.02— . .
10°= C
E - ] L
= B "
10 u.u15|:— . . L]
> f : :
L oor—  B-ou
P T |6 11118 OO v AT (1| P | S Y PSR A 0.005 prompt particle
1095 04 03 02 01 -0 01 02 03 04 05 -
DCAR[cm] o_ll|||||||||||||||||||||||||||||||||||||||||||||||

2 3 4 5 6 T 8 “%ome‘!ﬂum Etlewi:?

DCAR vs momentum

Simulated DCA, for each process

Decay (s from D, B and hadrons have different DCA,

shapes in a given [ p+ bin.
-> Fit the shapes to data or cut out fo reduce background
keeping a specific window.
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SPHENIX

» sPHENIX is a significant reworking of PHENIX

HCAL OUTER

<PHENIX

P~ HCAL INNER
_ EMCAL * The proposed large acceptance
_ soLEnOD sPHENIX detector, which is designed as a
 PRESHOWER jet detector, will also - with added
— ADDITIONAL tracking and electron ID, make good
B separated Upsilon measurements.
ol Y(5.25.3% A.Frawley
. - HP2013
400 e" & decays
1=n=<1
. 2 T Solenoid - r “Jﬂ‘ka
arXIV:120763?8 BL==NE 8 8E 8 as 10 '1‘: j"z
Invariant mass (¢ I - v
* interesting because of medium properties near Tc and because of ’L - Vs
complementarity with jet and quarkonia measurements from LHC s\
» additional tracking layers and EMCal M: e B o
pre-shower provide mass resolution and o [ N
pion rejection to enable quarkonia program to g . ’
augment STAR’s and complement LHC Ww W s s s e
Barbara Trzeciak 56
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STAR Muon Telescope Detector

Accessing muons at mid-rapidity e i

Multi-gap Resistive Plate Chamber
(MRPC) - gas detector

Acceptance: 45% at |n| < 0.5
Long-MRPCs
> Electronics same as in STAR TOF




STAR Muon Telescope Detector

Accessing muons at mid-rapidity

* No y conversion 03{‘
- 071 et Picnoape ey » Y@/

. Much less Dalitz decay 0s | ;
contribution o { _

. R 04— _

*  Less affected by radiative “ O.J [ :
looses in the materials o A ottt

I Tl T T T T T A T T T A T T T T T I
1] F * - q) 50 100 150 200 250 300 350
. t 160 & Y = Number of Participants

15+25+35
......... 15
25

1.4 300 ptr' prp. 20 Nk Au+Au, D-20%

100 a5 1.2_—
80 — P — —4.—‘»—‘\—{ ) +_,_
= 208
3 06 — |
: | 1 0.4 |
5 9 9.5 10 10.5 11 0.2 Jfl|!
u'y invariant mass (GeV/c?) C L -
% 12 3 7 8 91

4 5 6
P, {GeVlic)

Fully installed in 2014
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STAR Heavy Flavor Tracker

Precision vertex detector: Open heavy flavor
Non-prompt J/§: B—=>]/¢ + X 1

< —~DCA

ST
APxL Direct topological
reconstruction of decc

vertex

. Hit Resolution L
Radius Radiation
Detector Rip-Z (um -
m length
(cm) T engt
SSD 22 20 /740 1% Xo
IST | 14 170/1800 | <15 %X,
8 12/ 12 ~0.4 %X,
PIXEL
71 12/12 ~0.4% X,

Fully installed in 2014
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Statistical projection for next
runs

20r 200 GeV Au+Au Collisions at RHIC 1= o5 - 200 GeV AutAu Collisions ===+ Hydro g
(DD: 500M minimum bias events; |y|<0.5) >N " (D 500M min bias svents; |y|<0 5) . 32(2;95‘: ?:)d ons ]
- 2
1.0 ----mm e . - == v6)=0
B N, scaling 19 20 B
B 1o |
o f G'\@_\@ Rep=a*N10%/N(60-80)% - g 15 |
oY _N—I‘Q\ﬁ} ] E -
02F + % 128 f
O 5
. il " Charged hadron R il -06 E #}*_A‘
r o Expected errors on p° R ] UEJ 0 A
-] T E S T R MR
0 2 4 6 8 TR 1 2 3 4 5 6
Transverse Momentum p_ (GeVic) Transverse Momentum p_ (GeV/c)
Assuming D° R, distribution as charged Assuming D°v, distribution from quark
hadron. coalescence.
500M Au+Au m.b. events at 200 GeV. 500M Au+Au m.b. events at 200 GeV.
-Charm R,, [ -Charmyv, [
Energy loss mechanism! Medium thermalization degree
Color charge effect! Drag coefficients!
Interaction with QCD matter!

Barbara Trzeciak
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STAR Forward upgrade

proton nucleus

Tracking: 2.5<n <4

\

Forward Calorimeter System (FCS)

| |
Ij iTPC

— |

!

\ W-Powder EMCal

Baryon/meson
separation?

Forward instrumentation optimized
for p+A and transverse spin physics

— Charged-particle tracking
— elh and y/mr? discrimination
— Baryon/meson separation

Barbara Trzeciak
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RHIC schedule

Beam Species and Energies Science Goals New Systems Commissioned

Heavy flavor flow, energy loss, Electron lenses
2014 15 GeV Au+Au thermalization, etc. 56 MHz SRF
200 GeV Au+Au Quarkonium studies STAR HFT
QCD critical point search STAR MTD

2015 p+p 200 GeV p+Au 200GeV S
2015-16 p+Si 200GeV Coherent e-cooling test
2016 Au+Au 200 GeV

p+p 500 GeV (or Au+Au and p+p 62 GeV)

Low energy e-cooling
2017 No Run upgrade

STAR ITPC upgrade
Partial commissioning of
sPHENIX (in 2019)

2018-19 5-20 GeV Au+Au (BES-2) g i e s e

Complete sPHENIX
2020 No Run installation
STAR forward upgrades

Long 200 GeV Au+Au with Jet, di-jet, y-jet probes of parton

2021-22 upgraded detectors transport and energy loss mechanism sPHENIX
p+p, p/d+Au at 200 GeV Color screening for different quarkonia
Y
2023-24 No Runs Transition to eRHIC

02/05/15 Barbara Trzeciak



STAR physics plan

- HFT: Charm - QCD phase AA: HFT" B, Ac
- Di-lepton structure Jet, y-jet
sQGP properties - Critical Point

pA: CNM, p-spin

ol s | el s . el oz | 2o | 2026

HF-l, (e,p) || _ _
| BESII “

HFT/MTD d
e-Cooling, iTPC HF-Il, p,A

HFT’, Tracking, EM/HCAL (West side)
EMCAL (East side)

“ physics “ upgrade 1 https://drupal.star.bnl.gov/iSTAR/starnotes/public/sn0592
\

02/05/15 Barbara Trzeciak
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Summary

 RHIC has perform many heavy flavor
measurements, including open heavy flavor and
quarkonia

« At different colliding energies and systems

e Indication of presence of hot and dense medium
at top RHIC energies

> RHIC Heavy Flavor Era has just started

. « With new upgrades - more precise
measurements in next few years to further
iInvestigate medium properties

* Crucial to separate charm and bottom and
. understand CNM effects from p+A

Barbara Trzeciak
Y
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Backup

Barbara Trzeciak
L Y
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Matter at RHIC

« Strong elliptic flow

« Collective flow of created matter

« Constituent quark number degrees of freedom apparent
in scaling laws of elliptic flow

> « Jet quenching

- Energy loss of high-p, partons traversing the hot and
. dense matter

Particle production through recombination/coalescence

- Dominates over fragmentation at medium p..

. > noninteracting gas => strongly coupled QGP ( sQGP)

Barbara Trzeciak 66
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Total charm cross section

L L ||||r| I T T TTri

E [;] ST:&H Cnllabamﬁnrln, Phys. Fr!eu. I:Illﬁﬁl, 72013 h.@" -
3_.1 04 —[2] STAR Collaboration, arXiv:1404.6185 h
M — [3] ALICE Collaboration, JHEPOT(2012)191 (BB
— IS ~ [4] R.Vogt et. al., Phys. Rev. C 87, 014908 (2013) -
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N | )
© [ no e A
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10 u/m=2.1 *""'#\1?! o)
= _ -’ "HJT“-
- wn/m=16 L

11 llllll.l

STAR preliminary

i “ % STAR p+p Run 12, 11 NLO i
#r STARp+pRun 9l —oooeeee NLO fimit™ ]

= ¥ STAR Au+Au™@ A SPS/FNALY =
= 0 ALice® 0 PHENIXe™ I
i ® ATLAS Preliminary ¢  PamirMuon 4
- 4 LHCb Preliminary u UA2 1
[ | 1 | L1 1 I| 1 1 [ 1 L1 11 | 1 L 1 1 L L 1]

10? 10° 10*

\s [GeV]

Barbara Trzeciak




ﬁ.ﬁ.)

Nuclear Modification Factor (R

D in Au+Au 200 GeV vs models

E_' - [T -
40-80% (a) e 10-40% (b)
ex: LT
s £$ §  lre B IR |
ost! ! NN LR T A
D-I I 1 1 L1 1 1 1
0 2 4 B 0 2 4 B 8
2 - STAR AurAu— D’ + X @ 200 GeV Central 0-10% ' —
» A “ [ ] data (C} —
- % TAMU .
15 " ! Ny =mmm e SUBATECH 7
et - \ === TOMINO |
L . — Duke w shad. -
B ' ~— ~— Duke w/o shad. .
L L NN -1
0.5}
: .......... TAMU
n = bl HQ prod. LO
l'] 1 1 L 1 1 1
0 2 4 6 QGP-Hydro  ideal
p ( HQ elLoss coll.
T
. Coalescence Yes
Cronin effect Yes
Shadowing Mo

Barbara Trzeciak

SUBATECH
FNOLL

ideal

coll.
+rad.

Yes
Yes

No

Torino
NLO

viscous

coll.
+rad.

Mo
Mo

Yes

Duke
LO

viscous

coll.
+rad.

Yes
Mo
Yes/No

LANL
LC

ideal

diss.
+rad.

No
Yes

Yes
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Jy v, and

p, spectra

o F
v J/p vz is consistent with zero g Phys. Rev. Lett. 111 (2013) 52301
at pr > 2 GeV/c | Jf
> Disfavors the model with J/y e L _
production via thermalized
i 0.1 initially produced [31]

(a ntl )C ha m coa lesce nce 0 1; ----------------------- coalescence from thermalized ct [32]

. T . T T . T . T 2 E mmimmimam initial + coalescence [34]
10° ™ (a) 0-20% F=- (b) 20-40% 3 0.2— — ' — initial + coalescence [35]

D o 0} : - | T ﬁyd.roc.’yqamic.[m.s] P
S 0k 0 2 4 6 8 10
> ok p, (GeV/c)
()] F [31] L. Yan, P. Zhuang, and N. Xu, Phys. Rev. Lett. 97 (2006) 232301
(D 10° - [32] V. Greco, C.M. Ko, and R. Rapp, Phys. Lett. B 595 (2004) 202
= ok Blast nge ; {gg} )Y(I_leT N a;l? Eaﬁapp‘i'hféfg' LI\?LtJtc.IBPii/i (§080374) (1220610) 317¢
ZI— 10" = N .EL%RN&UI\{J\EAU : lzirte(dﬁ:g())n _i [36] U W.'Héinz'and C..Chen, pr'ivate .comm.unication (2012)

o —t———— —t— w
S 10° (c) 40-60% () 0-60% 1, ,%’ v At low pr )/p spectra softer
g 10° [ than the TBW prediction
Q& 107 R :
S 10" 3 from light hadron
& 10T w R _ 1107
O 109 e 1.038 : 2
0 oof - A;%ﬁﬁfg’“g‘?“ﬁ - > small radial flow -
10-11 = SNN = 200 GeV QPHEN X+p+p _Ir 5 E:)<- .
L ! L ! . h . s 107, >
| AL ALAL I oo regeneration at low pr

paivaia nzeciak
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