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Quarkonia in the sQGP

= Debye screening of heavy quark potential
- Quarkonia are expected to dissociate
T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986)

Charmonia (cc):

]/\III \IJ’I XC

Bottomonia (bb):

T=0 0<T<T, Te<T

lllustration: A. Rothkopf
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Quarkonia in the sQGP

= Debye screening of heavy quark potential
- Quarkonia are expected to dissociate

T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986)

Charmonia (cc):

]/\IJI \P ’ ’ X C
Bottomonia (bb):
=0 0<T<T T<T /T (1/r) [fm]

Illustration: A. Rothkopf - | Y(195)

= Sequential melting: Different states - | 3as)
dissociate at different temperatures 1 (2P)
A. Mécsy, P. Petreczky, Phys. Rev. D77, 014501 (2008) 7;2((13'2)
w'(2S)

Quarkonia may serve as sQGP thermometer
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Lessons from J/\|1 5

T T T T
° STAR lyl<t d+Au — Jp+X |

18" PHENIX lyl<0.35 (minimum bias)
1.6}~ — EPS09 +0,,, (3 mb) =
= Cold nuclear matter effects T ; i |
* Nuclear shadowing kN . S
(PDF modification in the nucleus) o8] q i}
= |nitial state energy loss Zj |
= Co-mover absorption 02| \sw-200Gev ~STAR preliminary — _

o— 2

2 3
P, (GeV/c)
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Lessons from J/\|/ %

18k OSMRWK1I I MAu;mei _
’ o PHENIX lyl<0.35 (minimum bias)
1.6~ —EPS09 +o,,_ (3 mb) —
| ONgg i
= Cold nuclear matter effects s i
. > CJPHENIX.

= Nuclear shadowing 3 - . )
(PDF modification in the nucleus) o8] q i}
i 0.6 —
» [nitial state energy loss 0.4l i
= Co-mover absorption 02| \sw-200Gev ~STAR preliminary — _

% 4 2 o \5,//) s

. pT ev/Cc

» Hot/dense medium effects 3 2
14 1.8 m 200 GeV = 200 GeV theoretical curve ]
= Coalescence of uncorrelated T S ot A— g;’ éS&Yh:{:,Zt:?:;‘iﬂui“v’:eg
charm and bottom pairs. 14F T piAy S pebuncertaimy sz ceu ]
1.2 ;* % s+gl2]3§i3e§;?sétlstlci) E

L L L L ] L L I I | ! ! 1 ! | L L L L L .
0 100 200 300 400
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Lessons from J/\y o
18k oSMRWk1I I MAULJNHQ _|
’ o PHENIX lyl<0.35 (minimum bias)
1.6~ —EPS09 +o,,_ (3 mb) —
| ONey ]
Cold nuclear matter effects s ioh
. b CJPHENIX.

= Nuclear shadowing 3 . )
(PDF modification in the nucleus) o8] q i}
g 0.6 —
» [nitial state energy loss oal i
= Co-mover absorption 02| \sw-200Gev ~STAR preliminary — _

% i 2 o \5,//) Z 5

. pT ev/c
Hot/dense medium effects s 2
x 1.8 m 200 GeV — 200 GeV theoretif:al curve ]
= Coalescence of uncorrelated T S ot A— g;’ éS&Yh:{:,Zt:?:;‘iﬂui“v’:eg
I - m 39 GeV [ N, uncertainty

charm and bottom pairs. ME AusAu B e Res

Feed-down

" % ¥V, B-meson decay to J/y

[ pt+p 200 GeV(statistics) ]

L L ] L L I
100

L I L 1 1 1 I L L L L Il :
200 300 400
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Lessons from J/\|/ o

I | I I
° STAR lyl<1 d+Au — JAp+X |

181" PHENIX lyl<0.35 (minimum bias)
1.6~ —EPS09 +o,,_ (3 mb) -
| ONey ]
= Cold nuclear matter effects s i
. > CJPHENIX.

= Nuclear shadowing 5 - B )
(PDF modification in the nucleus) o8] q i}
g 06 —
» [nitial state energy loss 0.4l i
= Co-mover absorption 02 Now =200 0oV STAR prelininary |

% i > P 7 5

. pT ev/c

= Hot/dense medium effects s 2
14 1.8 m 200 GeV = 200 GeV theoretical curve ]
= Coalescence of uncorrelated 16 " 246V T 300l tmeoretical curve ]
charm and bottom pairs. 1af " OOV ) e uncerainty 624 Gev
- Au+Au [ p+p uncertainty 39 GeV
1.2 = [ pt+p 200 GeV(statistics) ]

= Feed-down
" % ¥V, B-meson decay to J/y

1 1 1 1 | 1 1 1 1 I 1 1 1 1 I L 1 1 1 1 .
0 100 200 300 400
Npart

Contribution of different effects is not well understood
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Y measurements at RHIC

= Y co-mover absorption is negligible at RHIC energies
= Y(1S) is tightly bound, larger kinematic threshold.

= 5-10 times smaller than for J/y (0~0.2 mb)
Lin & Ko, PLB 503 (2001) 104

= Y recombination — negligible at RHIC:
» o, ~800 ub >>0a,, ~ (1-2) ub

= Y excited states: test sequential suppression



Hard Probes ‘15 STAR Bottomonia — R. Vértesi

Y measurements at RHIC

Y co-mover absorption is negligible at RHIC energies
= Y(1S) is tightly bound, larger kinematic threshold.

= 5-10 times smaller than for J/y (0~0.2 mb)
Lin & Ko, PLB 503 (2001) 104

Y recombination — negligible at RHIC:
» 0, ~800 pb >> 0, ~ (1-2) ub

Y excited states: test sequential suppression

Y states provide a cleaner probe at RHIC

Y measurements : a challenge
» L ow production rate

» |Large acceptance, specific trigger needed
» Feed-down still present: x,,, Y(2S), Y(3S) to Y(1S) ...



Hard Probes ‘15 STAR Bottomonia — R. Vértesi 10

U+U: Higher energy densmes 5

4(2 . é’ - FrorrrrTrr T T T T T T T T T
§ 10 STAR preliminary i‘n 1'6;_ E
(&) 104k gwm 1.45— -
12/ o o ° ° ° ° S
10%E 1E E
0.8F -
10%¢ 0.6/ -
[ —— 200 GeV Au+Au 04F E
10 193 Gev U+U 0oL Kikola, Odyniec, Vogt, PRC 84, 054907 (2011) 1
: T 7 “r Masw Mohar‘1tlyl)l(u PLB 679 14[401(]2(1)(1)9)1 e

ks 200 400 600 O 10200 30 40 50 60 70

uncorrected dN,, /dn Centrality [%]

RHIC Vs,=193 GeV U+U data (2012)

" Reach higher N, than in Au+Au

= Provide higher energy density:
~20% more in central collisions!

Further test of dissociation-coalescence interplay
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RHIC/STAR

= Reconstruction: Solenoidal Tracker At RHIC : -1< N<1,0<¢p<2n
J /LIJ -S> ete- (Bee ~ 6%) @ : Barrel EtectroMagnetic Calorimeter :
Y > ete” (Bee ~ 24%) l/ Time Projection Chamber /‘ ::'E:RI\ u Time Of Flight J
\ N

(? Beam Beam Counter }

w— g
S|
» TPC e

= dE/dx PID

= Large acceptance,
uniform in a wide
energy range

= TOF
= PID using flight time

4% 1} ) - -
\ = ’ & ‘. B oo
= BEMC LN e
g )% ',::; osx%nDetector

h |
“ I

= High-p, trigger 3 R —

= PID using E/p < R ey
and shower shape 4 | =0 Ep

= VPD o BEMC |
= Minimum ool W oS0 ]

15 2

b|as events - Momentum (GeV/c) Momentum (GeVic) % .”"‘"E i Elp
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1. Triggering on Y events o -

1. Trigger on energetic
hits in the BEMC

= LO: "High tower trigger’ saves events with a high energy hit
in a Barrel Electromagnetic Calorimeter (BEMC) tower

= L2 in p+p and d+Au only — software trigger:
coarse reconstruction of cluster energy, opening angle, invariant mass
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2. Finding electron tracks ¥

1. Trigger on energetic
hits in the BEMC

2. Find electron
tracks in the TPC |

et ¥

* Find tracks in the Time Projection Chamber (TPC)
based on specific energy loss dE/dx
-1.2<n0 <3 (A+A analyses)
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3. Matching tracks .

1. Trigger on energetic
hits in the BEMC

2. Find electron _
tracks in the TPC | )

At 3. Match BEMC clusters
and TPC tracks

1
/

» Clusterize energy deposit in the BEMC
Cluster: 3 adjacent towers with most of the energy deposit

* Project TPC tracks onto clusters to match them
ARmatc:h = \/(Anz'l'A(Pz) <0.04
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4. |ID in the calorimeter ® -

1. Trigger on energetic
hits in the BEMC

2. Find electron
tracks in the TPC s

3. Match BEMC clusters
and TPC tracks

1
/

4. ID cuts in th
BEMC

» Cluster energy matches track momentum
0.75 < E/(pc) < 1.4 (U+U analysis)
= Energy deposit is compact, mostly in a single tower
triggered ¢*: E, . /E>0.7, associated e*: [E>0.5 (U+U analysis)

ower tower
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STAR Y measurements — summary

Phys.Lett. B735 (2014) 127

70}STAR P+p o N, #N._ o N,.
F Vs =200 GeV

60— Iyeel<0'5 ------- Comb. Background (CB)

I

CB + Drell-Yan + bb

40

: |
30; | +"T
: Iy,
20 . s
r \ vy ‘
it et

oE

J" CB + DY +bb + Y(15+25+3S)

: o
Saneh ot s0hh0t oan a0 lee
8

9 10 11 12 13

m,, (GeV/c?)

'50

50

00
50

ool

i STAR Prelminary
L p+p |5, = 500 GeV
ly, 1<0.5, 0<pT<10
‘, O N, N

i ¢ N,
L ' : «+-=-= Comb. Background (CB)
CB + Drell-Yan + bb

CB + DY + bb +Y(15+2S+3S)

RN "-'*‘-\\ «+===== Integral of CB + DY + bb +Y
P
ﬁ{} & \8\* °
B0 50 =8 @
Roles e -89
Il ‘ L1 ‘ I | ‘ I ‘ L1 @- Il @\‘Q}\%\.@
8 9 10 11 12 13

m,, (GeV/c?)

" p+p @ 200 GeV

= p+p @ 500 GeV
= pQCD benchmark
= Reference for A+A
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STAR Y measurements — summary

Phys.Lett. B735 (2014) 127

70F. STAR p+p o NN eN,. @ 250 STAR Prelminan y
E 15=200Gev r & P+p |[Sy, = 500 GeV
E ly, <05 Background (CB) L £ ly, |<0.5, 0<pT<10
::é ‘ zoo:— *\ f o,
40é iﬂ B + DY + bb + 1(15425+38) 150; ,‘ e C
‘ H \ h‘\ e °
30 | + T ! 100}’?\"&.,&
zo; %/ \ i}' w+
Fates o k!
1054 * f" W+ +, L *F O, zg Yo s,
& M s stbtodocanl sl % 4 S0 ooeooo@*o%g
0 9 1o 11 12me((1;3w) t‘;é ‘1‘0“ 1 12 (G::)
Phys.Lett. B735 (2014) 127
@2 C
5 35[STAR d+Au o Na#N. oN.
© C (syy=200GeV ~ eeeeee Comb. Background (CB)
0 s
C <0. _
- Ve CB + Drell-Yan + bb
25— _
C CB + DY +bb + Y(1S+2S5+3S)
20 ; p+px<NcolI>
15—
10
- 1 -
RURINE TR L
8 9 10 11 12 13

m,, (GeV/c?)

" p+p @ 200 GeV

= p+p @ 500 GeV
= pQCD benchmark
= Reference for A+A

» d+Au @ 200 GeV
= CNM effects
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STAR Y measurements — summary
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Phys.Lett. B735 (2014) 127

70iSTAR p+p 0 NaN.eN. @ 250:— STAI;EeIminary

E Vs =200 Gev F 1 P+p |/S, = 500 GeV
6oy, <05 +--2=-+ Comb. Background (CB) 200: Iy, J<0.5, 0<pT<10

E | - r
sof- ©B + Drell-Yan + b5 t - 2 0 0 G V
40; ‘T CB +DY +bb + Y(15+25435) 150; i p+ p @ e

i H G A+ i
s0f- 5 I

Sl = p+ 500 GeV
aE %/ ¢, " ,~
103 > ‘YH++ : 50¢¢¢¢O ﬂ

¥ F s, g 4.9, Q
;zw sobsotitons Tt it L et B = pQCD benchmark
9 10 1 12 . (Gevlc) 8 9 10 " 1:1 (Gg\‘lzlic)

= Reference for A+A

Phys.Lett. B735 (2014) 127

1 N
5 35 STAR d+Au 0 NN eN. 0
o 305 EEE T A— Comb. Background (CB)

d+Au @ 200 GeV

CB + DY + bb + Y(1S+25+3S)

= CNM effects

Au+Au

%“
f%
X
**:;
494
y
:Z:l
r
j’
| |

m,, (GeV/c )

Phys.Lett.

B735 (2014) 127 = Hot nuclear matter effects

I STAR Au+Au
{5 =200 GeV, ly_I<1.0

w

]
ST T
’ T

250

200

150

100

50

I 0-60% centrality

o N, #N.. e N,.
------- Comb. Background (CB)
CB + Drell-Yan + bb
CB + DY +bb + Y(15+25+3S)

p+px<N_ >

coll

5“0- ﬂ-.“

85 9 95

0HH\HH\HH\\\\\\HH\HH\HH\HHMH
10 105 11 115 12

m,, (GeV/c?)

= Sequential suppression
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STAR Y measurements — summary &

250

200

150

100

50

Phys.Lett. B735 (2014) 127
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E (5=200Gev
60 1y,/<05

o NaN.eN. @

-«+++= Comb. Background (CB)
sog— N‘
40—
L o
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E | +
1/
l ‘f\ i + + +
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9 10 1" 12
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STAR Prelminary

P+ (S = 500 GeV'
Iynld).s. 0<pT<10

Phys.Lett. B735 (2014) 127

o
5 35 STAR d+Au
O b {sm=200Gev

[ Iy, <05

[¢]

N, #N.. o N,. (b)
Comb. Background (CB)
CB + Drell-Yan + bb

CB + DY + bb + Y(1S+25+3S)

pHpx<N_ >

Phys.Lett. B735 (2014) 127

 STAR Au+Au o N N.. eN,.
VS =200 GeV, ly_I<1.0 ....... Comb. Background (CB)

CB + Drell-Yan + bb

.d\‘ rI TTT

CB + DY +bb + Y(1S+25+3S)

p+px<N_ >

coll

e~
S

I 0-60% centrality

b b b B b b by VY

85 9 95 10 105 11 115 12
m,, (GeV/c?)

TTTT

m,, (GeV/c )

Mg, (GeV/c )

-

W
o
_IIIIIIIIIIIIIIOIIIL

U+U Vs =193 GeV 0-60%

® N_. 0-10GeV/c

O 2{N,,N.
- - .. exponential comb.bg. fit

# under peak: 19
BB+DY+comb. bg.

bg+Y CrystalBall

STAR preliminary

20
10 +
Ll .|.O.¢W".¢‘n$--?
7 8 9 10 11 12
Mee [GeV/c?]

p+p @ 200 GeV
p+p @ 500 GeV

pQCD benchmark
Reference for A+A

d+Au @ 200 GeV

CNM effects

Au+Au

Hot nuclear matter effects
Sequential suppression

U+U

Further tests of
sequential melting

N ot dependence
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Y in p+p — baseline

_ 2007\ TTT ‘ 1T ‘ TTTT ‘ TTTT ‘ T TTTT TTTT TTTT TTTT \\\\7
Q L]
o o i
S o STAR @1 = p+p Y Ccross section vs.y,
3 ~ \syy = 200 GeV ]
S [ Y(1S+28+38) — I'T’ -
3 160, vogt - compared to pQCD
= 140: STAR PHENIX NLO pQCD CEM ]| pred |Ct|0nS
R — Yk pp ¢ rp iipp =
:‘P: 120; @ dAu/1000 <> dAu /1000 i dAu /1000 { R. Vogt, Phys. Rep. 462125, 2008
+ — -
2 100 Phys.Lett. B735 (2014) 127 E
2 - sEn :
= sop P E
- 5§ ﬁ B 1
60? 4 kg% —
40 N §§§ l ‘ §% . i
- T AN ]
N ;s’ wﬂ—‘ A *;i ]
20\ o

; —*—‘ T,
5:‘; |—‘—|

g ‘1‘5‘ ERF e 15<> ‘2"‘“55 Y in p+p 200 GeV, |y|<0.5, LO & L2
yY
JL dt = 20.0 pb-*
N (total)- 152 + 23 (stat. + fit)

Z B(nS) daflns) — 64 +10724 pb
y
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Y in p+p — baseline and pQCD test

200 T T T T T T T ]
190 o oo cey @1 = p+p Y cross section vs. y,
g0l (19+25+38) — 11 . Vot compared to pQCD

r STAR PHENIX NLO pQCD CEM

predictions

R. Vogt, Phys. Rep. 462125, 2008

1401 e pp ¢ rp iHipp
120 @® dAu/1000 () dAu/1000 il dAu/1000

100 Phys.Lett. B735(2014) 127

Y(1S+2S+3S), B,.. xdo/dy (pb)

(o]
o

PT/\ |1 ‘ L1 ‘ L1 ‘ 11 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1
0
T \\HH‘

: - Y(1S+2S+3S) <
60— 10%E Y STAR, p+p, lyl<1.0
40i ;gg?? '\ - @ CFS, p+A
- ST 3*%%% —~ [ m E605, p+A
20— 6 RN oY A CCOR, p+p
- ﬁ —— ‘ N, -— 102
714?’1’“\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘<>"\'GTG\!!;;;: "10 szog’p+p
95 2 45 1 05 0 05 1 15 2 25 S
v, >
o
?f“ 10 STAR Preliminary
[} n -
= p+p Y cross section, > f O R80s, pip
a , P+P
compared to world data trend 1 L Ca
= — NLO CEM, MRST HO,
i m=4.75 GeV/c?, m/u=1
10'1 \\\\\\‘ \\\\\\‘ I |

10° /s (GeV)'”’
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Y RdAUI — CNM effects

5 2T T T T T T T T T T T T T T
o - - STARR,,, (1S+2$+3S) | (b)
@1 -8 STAR p+p Syst. Uncertainty ]
2161 chemomin, 9509 o) 4 = Indication of suppression at
S Al oy e mid-rapidity beyond models
1.2 *:

IR \\\\\\\\\\

] \ -
\\\\\\\ ) :

o.a% s * X -
S

0.6§

0.4F

Phys.Lett. B735 (2014) 127

Y in d+Au 200 GeV, |y|<0.5, LO & L2

JL dt = 28.1 nb-"
N.(total)= 46 + 13 (stat. + fit)

Rya, = 0.48 £ 0.14(stat) £ 0.07(syst) £ 0.02(pp stat) £ 0.06(pp syst)
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Y Rya, — CNM effects &

I B B e e e e e e R R R R R R SRR EE R
o - | STARR,,, (15+25+3S) o b)
@1 8- STAR p+p Syst. Uncertainty ]
L1.61 - Srasowing, P voay 1 = Indication of suppression at
N S e mid-rapidity beyond models
12

1 \ SR
N Y ] Phys.Lett. B735 (2014) 127
0-8\ i 1.27 TT{ T T T TTTTTN T T T
N Njeg (a)
\ x|
4 EEEE
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ OQ-OQ- I~
25 2 15 -1 05 0 05 1 15 2 25 = I
Y, <Lo.9F Jﬁ ¢ (lr)
Phys.Lett. B735 (2014) 127 - : -
0.8
0.7
= STAR data consistent with E772 - O E7721S (pA), {5y, =40 GeV, 0<y<1.05
. . . 0.6[~ | | E77225+3S (pA), |5, = 40 GeV, O<y<1.05
despite difference in energy -/ STAR 1S (dAu), (8, =200 GeV, yi<t.0
0.57 1 1 1 L1 11 ‘ 1 1 1 1 L1 | \‘ 1
2 10 10?

Mass Number (A)
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Y x-section and p-spectrum in U+U &

Y spectrum
g B ® U+U 193GeV 0-60% |y|<1
E " T TNe| e expected T=1.16 GeV
3 1 fitted T=(1.33+£0.22) GeV
3 Y cross section (STAR preliminary)
o =
¥ | U+U 193 GeV, 0-60% centrality
8 | do’
Tt B,=—M|  —(437+1.09 *99 ) ub
dy -1.01
lyl<1
107 stat. syst
- STAR preliminary
10-2 IS N W TN T M (NS SO T N AN SN ST WO N S 1“"] expeCted Ilne'
0 2 ‘ ° [GeJ/(/)c] : pT
Pr f(pr ) = ) -
exp(p,; /T +1)
PLB91, 481 (1980). T: interpolation of pp (pp) results

PRL8S, 161802 (2002).  from ISR, CDF and CMS
PRD83, 112004 (2011)
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Raa : Y(1S+2S+3S) and Y(1S)

- Y(15+25+38) |y|<1
:_ B Au+Au ys,,=200 GeV [JAu+Au centrality integrated
:_ |:|p+p stat. uncertainty |!|common norm. syst.
- t +
- Phys.Lett. B735 (2014) 127
T | | | | | | | | - | 11 | | | 11 | | I | | |
0 100 200 300 400
. Npart
Peripheral Y

consistent with no suppression

Central Y
significant suppression

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

—III|III]IIIlIIIlIII|III|III|III|III|III

Y(1S) |y<1|
W Aut+Au \[sNN=200 GeV [JAu+Au centrality integrated

|:|p+p stat. uncertainty Iilcommon norm. syst.

Phys.Lett. B735 (2014) 127

o

| I
100 200 300 400

Npart

= Central Y(1S):

indication of a suppression

25
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Y Rpp @ AutAu vs. U+U

Y(18+25+3S) |y|<1

@ U+U s, =193 GeV O U+U centrality integrated

W Au+Au 1|'sNN=200 GeV [JAu+Au centrality integrated

|:|p+p stat. uncertainty Dcommon norm. syst.

.................................................. H
T

STAR preliminary

—IIIIIII|III|III|III|II[|III|III|]II|III

lllllllllllll[lllllllll

0 100 200 300 400

part

N
Peripheral Y
consistent with no suppression

Central Y
significant suppression

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

—IIIIIIIlIIIlIIIlIII|III|III|III|III|III

T(1S) ly<1|
e U+U \[SNN=193 GeV
B AutAu s, =200 GeV [JAu+Au centrality integrated

O U+U centrality integrated

|:|p+p stat. uncertainty Dcommon norm. syst.

STAR preliminary

| I | I | I | I 11 1 | I | I I 111

o

100 200
N

300 400

part

= Central Y(1S):
significant suppression

New U+U data confirms and extends Au+Au trend

26
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Y R,y : data vs. models

2 2

- Y(1S+2S+3S) |y|<1 - Y(1S) |y<1|
180 @U+U s =193GeV O U+U centrality integrated 1.8 @U+Uy5,=193 GeV O U+U centrality integrated
N - EAutAu ys, =200 GeV [JAu+Au centrality integrated
1.6~ mAu+Au \s,,,=200 GeV [JAu+Au centrality integrated 1.6~ [@p+p stat. uncertainty [Elcommon norm. syst.
- . ~ 7~ Strickland model A Strickland model B
1.4 Dp+p stat. uncertainty  [[Jcommon norm. syst. 140 weL lu-Cher model
- 7 Strickland model A Strickland model B C
1.2~ 1.2~
- - JPI G N« s N A
- o T
- 08F
~ 0.61-
~ 0.4
- - 0.2 -
~  STAR preliminary ~  STAR preliminary
l_ | | | | | I | | | | | | | | | | | | | | | | | | I I | | | | | | | | | | | | | | | | | | | | | | |
: 0 100 200 300 400 : 0 100 200 300 400
Npart Npart
Strickland, Bazov, Nucl.Phys.A 879, 25 2012)  Liu, Chen, Xu, Zhuang, phys.Lett.B 697, 32 (2011)
= No CNM effects, 428<T<443 MeV = Potential model, no CNM effects
= Potential model ‘B’ based on = T=340 MeV, only excited states dissociate

heavy quark internal energy = ick. Zh R

heavy quark free energy (disfavored) * CNM effects included
= Strong binding scenario
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Y R,y : data vs. models

C Y(1S+2S+38) |y|<1
@ U+Uys, =193 GeV O U+U centrality integrated
B Au+Au ys, =200 GeV [JAu+Au centrality integrated
|:|p+p stat. uncertainty Dcommon norm. syst.

fi?f}ff Strickland model A Strickland model B

‘Rapp SBS model

STAR preliminary

—III|IIIIIII|III|III|III[III|III|III|

|
0 100 200
N

300 400
part

2

1.8
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0.6

0.4

0.2

Y(1S) |y<1|

o uU+U \,’sN =193 GeV O U+U centrality integrated

B Au+Au ys, =200 GeV [JAu+Au centrality integrated
[Op+p stat. uncertainty [lcommon norm. syst.
- Strickland model A

Strickland model B
=i=| ju-Chen model

STAR preliminary

—III|IIII[II|I[I|II[|IIII]II|[]I|II]|III

| I | | 11 | | 11 1 | | | I | |

O

100 200

N

300 400

part

Suppression indicates Y melting in a deconfined medium

However: CNM effects have to be understood
= RHIC 2015 p+Au run




Hard Probes ‘15

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

STAR Bottomonia — R. Vértesi

Y Rys : RHIC & LHC comparison &

—III]IIIlIIIIIIIIIII[III'IIIIIII]IIIlIII

Y(1S+2S+3S) |y|<1

@ U+UYS, =193 GeV
o= CMS Pb+Pb 2.76 TeV |y|<2.4
[[]p+p stat. uncertainty

Dcommon norm. syst.

STAR preliminary

W AutAu s, =200 GeV

NN
PHENIX Au+Au 200 GeV |y|<0.35
D CMS normalization

[:| PHENIX normalization

- 14
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part
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—III|IIII[II|I[I|II[|IIII]II|[]I|II]|III

Y(1S) |y<1|
® U+U {5 =193 GeV

I CMS {5,,=2.76 TeV |y|<2.4 [ p+p stat. uncertainty
DCMS normalization

STAR preliminary

| I | | 11 | | 11 1 | | | I | | I

m Au+Au {[s =200 GeV

[1] common norm. syst.

O

100

PHENIX, Phys.Rev. C87 (2013)

CMS, Phys. Rev. Lett 109 (2012) 222301

200

300 400

= LHC and RHIC suppressions are comparable at high N, ,

N

part

Is suppression driven by energy density?

- Note the uncertainties, however

dependence of Y suppression appears weaker at the LHC
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Phys.Lett. B735 (2014) 127
<
n:< 1.2~ STAR Inclusive Quarkonium Measurements
_ Au+Au, |sy, =200 GeV, lyl<1
1 o e e o e e e e e e e e e e m e m e mm e m
osl. AutAu ]
0.6— Jhp, p_>5 GeV/c ‘ ‘L 5(11 (?0)/
L _100° : - )
- 0-10% Centrality [ Centrality
0.4
B Y (2S+3S), 95% limit
- \L 0-60% Centrality
0.2—
0 L 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Binding Energy (GeV)
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Excited Y states in Au+Au

Central Au+Au:

= EXxcited states Y'(25)
and Y'(3S) consistent
with complete melting

"= Y'(1S) suppression is
similar to high-p J/y
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<
n:< 1.2~ STAR Inclusive Quarkonium Measurements
_ Au+Au, |s,, =200 GeV, lyl<1
1 o e e o e e e e e e e e e e m e m e mm e m
osl. AutAu ]
0.6— Jhp, p_>5 GeV/c ‘ ‘L 2)“11 (?0)/
L _100° : - )
- 0-10% Centrality l Centrality
0.4
B Y (2S+3S), 95% limit
- 0-60% Centrality
0.2—
0 L 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Phys.Lett. B735 (2014) 127

Binding Energy (GeV)
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Excited Y states in Au+Au

Central Au+Au:

= EXxcited states Y'(25)
and Y'(3S) consistent
with complete melting

"= Y'(1S) suppression is
similar to high-p J/y

Y suppression pattern supports sequential melting
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Excited Y states — LHC comparison @

Phys.Lett. B735 (2014) 127

| 1 4 T T | T T T | T T T | T T T | T T T | T T T
! 1217 STAR inclusivs Quatkoium Woasurments & oMSPrelmnayy  0-100% -
’ = ’ 1.2— _ —
N NN : PbPb ys,, =2.76 TeV -
0.8 :_ Au+Au 1_ * Prompt y(2S) (6.5 <p_<30 GeV/c, ly| < 1.6) -
L l L L¥  T(3S) (ly| < 2.4), 95% upper limit i
B 0.8 % y(2s)(y| <2.4) ]
B Y(1S - : _
0.6~ 3{111’65%1 Iﬁ;‘l’(: Y 0_(1 0"}0 "= Prompt Jiy (65 <p, <30 GeV/c, ly| < 2.4) .
- o y Centrality 0.6/+ Y(1S) (lyl <2.4) + ]
0.4— - Y(1S) ]
- Y(2S+3S), 95% limit 0.4 . { -
- 0-60% Centrality = Jhy —
2 N .
0.2 0.2 y(2S) Y(2S) —
- - Y(3S) + ]
0 B [ A N (NN NN SN NN (NN N ST SN NN SN SN SN N SN N SN NN SN SO S N S S 0 B L I N T T T ]

Binding Energy (GeV) Binding energy [GeV]

= RHIC Vs,,=200 GeV Au+Au and
LHC s =2.76 TeV Pb+Pb collisions:
Similar suppression of central Y'(1S)
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Excited Y states, U+U

2r
F Y(25+3S) |y<1|
1'8:_ o U+U\s,, =193 GeV O U+U centrality integrated
1.6~ mAu+Au \s,,=200 GeV(]Au+Au centrality integrated
1 4: [ ]p+p stat. uncertainty [fJcommon norm. syst.
1.2
: I
cré e |
0.8
06 z H
0.4f- Q
0.2 '
0:1: I SITIA$ PrFIIJrqlqa'l‘yl 1 ] 1 1 l | | 1 1 l 1 1 |
0 100 200 300 400
Noart

= U+U consistent with Au+Au limit, but...
= 0-60% centrality: R,(25+3S)>0 at the 1.80 level
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Excited Y states, comparison &

- < T T 1T | T TTT | T T TT | T TTT | T T TT | T TTT | T T TT | T TTT
Y(2S+3S) |y<1| ,f‘ L N — |
1.8~ @U+U s, =193 GeV O U+U centrality integrated 141 CMS PbPb sy =2.76 TeV .
- mAu+Au \s,, =200 GeV []Au+Au centrality integrated N _ -1 ]
1.6~ [p+p stat. uncertainty [@common norm. syst. 1.0 +Y(1S) Lint = 150 ub —
- #Rapp SBS model - *Y(2S) lyl < 2.4 ’
1.4~ =-Liu-Chen model 1— .
- B M. Strickland ]
1.2 B — Y(1S), 4nn/s =3 = ]
: E I Y(1S), /s =2 ]
S 081 . | — Y({S) 4nmfs=1 ]
o F ERCANRN + ............. Y(2S), 4nn/s=3 -
- - -\ D EESY QEIETRRRE Y (2S), 4nn/s =2 .
0.8 0.6~ \v., + = 0 —— Y(2S), 4nnfls =1 ]
>oF AN . &
0-4 _— : \\\ _______________________

- 0.2~ e
0.2 B : U G
01: I S|T[AIR Pr?lill‘r]liqa'l’yl 1‘. 1. .1 " 1-..1 .‘l.‘-l'.'l"‘l"'l’ . . i O_I 111 | 1111 | 1111 | 1111 | 1111 | | T I"I"I -I"
0 100 200 300 200 0 50 100 150 200 250 300 350 400
Npart Npart

= U+U consistent with Au+Au limit, but...
= 0-60% centrality: R,(25+3S)>0 at the 1.80 level

= Consistent with 2S model trend and LHC measurement
Is U+U different?
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Summary o

CNM effects: Y suppression in d+Au has to be understood

Hot medium effects: Significant suppression of Y states
in central A+A collisions

" Y(1S) is similarly suppressed as high-p; J/y
* Y(2S) and Y(3S) suppression is stronger than Y(1S)
—> clear signal of melting in a deconfined medium

* Y suppression in most central collisions similar to LHC

U+U measurements: extends the Au+Au observations
» Similar patterns in Y(1S) and Y(1S+2S+3S)
= Suppression of central Y(1S) confirmed
» Indication of Y(2S5+3S) presence in 0-60% data (1.80 effect)
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Outlook: Muon Telescope Detector &+

= Qutermost, gas detector

= Physics goal: Precision
measurement of heavy
quarkonia through the
muon channel

= Acceptance:
45% in azimuth, |y|<0.5

L H H STAR Muon Telescope Detector
> T Y prOjeCtl on 60 pb™ p+p, 20 nb™ Au+Au
~ @ Y(OS)-u'w

B YeEs)-u'w

0.8—

- -9 ¢ Y@ES)-u'w

o @ Y (1S+2S+3S)—e’e, lyl<0.5
0.6—

0.4‘_+ 1t

0.2 + +

r * * | +r I +I
o O ¢ ¢ L ¢ ¢
o'H|‘\HIH\HIH\H1H\HHI\HH\I‘H‘MI
0 50 100 150 200 250 300 350

<Npart>
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Outlook: Muon Telescope Detector

Outermost, gas detector

= Physics goal: Precision
measurement of heavy
quarkonia through the
muon channel

= Acceptance:
45% in azimuth, |y|<0.5

- STAR Muon Telescope Detector
F [ Y projection M e Auvau
B @ Y{s)u'w
B B YeEs)-u'w
0.8—
- o= Y(3S)—>u'w
- @ Y (1S+2S+3S)—e’e, lyl<0.5
0.6— + +
04— +
+ N R S T
0 L Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il I Il
0 50 100 150 200 250 300 350

<Npart>
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Thank You! o
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Outlook: Heavy Flavor Tracker

,~ = Innermost, silicon

6/ detectors (3 subsystems)
,/ __.» Resolves secondary
- vertex

= Physics goal: Precision
measurement of heavy
quark production

Complete and taking data in Run14
IST at 14 cm /;i‘/‘ == > 25 ;(EOQ?BG?\LAU+AUt (.:,lollli:i;ns — ?r:,::goed hadrons
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U+U acceptance and efficiency

= 15M high-tower-triggered U+U 193 GeV events (263 pb)

N

* Dividedinto3 g £ [T EmIme e T
centrality bins: g | » xmasscu=Towefl | STAR preliminary
¢ O — 10 0/o i
.+ 10-30% 107
+ 30-60% -

= or...3binsinp;":

e 0-2GeV/c
e 2-—-4GeV/c
-3
e 4< GeVl/c 10 2
%605, 105 0305 b0y 126, P lr MG,
¢ N7 (o

= Total acceptance & efficiency for Y- e*e~ reconstruction:
~ 2-3%
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Rapp WBS & SBS
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FIG. 2: Bottomonium lifetimes in the QGP for the two binding scenarios defined in the text; left panel: WBS with quasifree
dissociation; right: SBS with gluo-dissociation; solid lines: T, dashed lines: Y’, dotted lines: ys.

 Emerick, Zhao, Rapp, Eur. Phys. J
A48, 72 (2012)
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Y x-section and p-spectrum in U+U &

Y spectrum
_ Y cross section (STAR preliminary)
s f ® U+U 193GeV 0-60% y|< .
S U+U 193 GeV, 0-60% centrality
é?"/ -------- expected T=1.16 GeV v
g 1 fitted T=(1.33+£0.22) GeV dGAA — (4371109 +0.65 ) Mb
3 “ -1.01
a | Iyl<1
= [ stat. syst
8
d’ =
Major systematic uncertainties (%)
o'l (STAR preliminary)
Geometrical acceptance e
! STAR preliminary Trigger efficiency +;23
| 1 | 1 1 N Tracking efficiency 11.8
R 2 4 6 8 o (el TPC electron identification o
P TPC-BEMC matching 5.4
f( p ) = , 1 . ey
T exp(p, /T +1) BEMC electron identification 5.9
Embedding p; and y shapes 2.1

Expected T is extrapolated pLB91, 481 (1980). _ _ P
from ISR, CDF and CMS PRL88, 161802 (2002). Signal extraction P

- PRD83, 112004 (2011)
pp (pp) results



