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2 main directoins: phase transition and heavy ion collisions
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%32 Deepest Structure and State
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Color
Confinement

Thermal QCD predicts:
At high temperature or

h Ig h density pressure heat qus;;l;—gj;on

circumstances, quarks v ?33

and gluons will be 0. « » -b
liberated from hadrons "33*‘ L 893

to form a new state of 3 ‘

matter: QGP (Quark
Gluon Plasma)

Farly universe

Temperature
.

\

QCD
Phase
Diagram

20 Neutron stars
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Heavy Ion Collisions and QGP

W eS'e

Quark-Gluon Plasma (QGP) Heavy Ion Facilities:

SPS/CERN :Pb-Pb@17.3 AGeV
RHIC/LBNL:Au-Au@200 AGeV
LHC/CERN :Pb-Pb@2760AGeV

5500AGeV
Problems:

® QOGP is short-lived !
® Only final hadrons/leptons
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Observables and QGP signals

leading particle suppressed %
yov

back-to-back jets disappear

© T

Perturbative Vacuum

Au + Au

N [ | T T T I T T T | T T ]

> L Run2Au +Au at {5y = 200 GeV, Minimum Bias, jn| < 0.35 -

0 A - 1

- A TmT*+nm i i

% 03 1

= | EK+K i

© [ - ]

] L ®p+p g

J‘//\ / \\‘\\: — hydro n i

— —> —hydoK ]
\ /

\\ /"_ -

& s /- — hydro p .

0

Transverse momentum p, (GeV/c)

y

v

I‘\/

11/18/2014

Kai Zhou @ Frankfurt

GOETHE @

UNIVERSITAT

FRANKFURT AM MAIN




Intro— what's a good QGP probe?

Matsui and Satz: PLB178, 416(1986):
J/Psi suppression as a probe of QGP in HIC

d in Vacuum under control VACUUj

Qd in Hadronic no(slightly) affected HADRONIC’

MATTER

3 in QGP highly affected! '
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Intro— from Vacuum to Medium

@il 119
'.,\' - ﬂ

s Tsinghua University

® Heavy Quarkonium: gg mesons
State J/4 (1) | xc (1P) | &7 (25)
m (GeV/c?) 3.10 3.53 3.68
ro (fm) 0.50 0.72 0.90
T (15) | xp (1P) | T/ (25) | x, (2P) | 77 (35)
9.46 9.99 10.02 10.26 10.36
0.28 0.44 0.56 0.68 0.78

Vi 1/2

/120 bGF s
-4a/3r+or

r 61,/2

350 —— |

0.5 1 1.5

2

25 3

Mass (GeV/c?)

confining potential V(r)=-a./r+kr

spectroscopy well described

(Effective Potential model; NRQCD...)

@ Color Screening in QGP 1/k; —>1/(k; — u})

1/r—>e ™ /r

r—or(l—e ™)/ u,r
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Intro— in-medium Modification

25 . . . . — i —— . r —
@ Dissociation : | R
<r>(TD)_>OOa &(T,)—>0 -l ‘; { §=4
¢ o 08
—>c | o NS
for V=U (Satz et al) — i
/T 1/r) [fm ) ] e | wp N
Y(15) !
state || J/U(1S) | x(1P) | ¥'(2S) Il T(1S) | xa(1P) | T(25) | xs(2P) | T(3S)
%(1P)
T4/T., 2.10 1.16 1.12 Il = 4.0 1.76 1.60 1.19 1.17
J/p(1S) Y'(25)
%(2P) Y(35) . L. g c
P)  w(2s) Dynamical realization:
(gluon dissociation)
p— — ) &
~ =1 No medium effect
N " QCD
: J/ :
@® Observation: R, = - - i . < <1 Suppression
N coll N J Iy QCD vacuum

~>1 Enhancement

. GOETHE '\ ,‘L
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Intro— Our Motivation

Now, from SPS to RHIC, we are at LHC era

b 2""""',;,‘D,;t',\'s"'_2'7'6'T‘eV'""""""'; C ISR B L N T SR el i R
® 18 m CMS:6.5%, <30 Gevic, <24 1-4: e JZ’?“pIofAE?JTZV 1 s Jé?”proin':,fﬁ,v .
16 A.UA?JLI'(E%g;)C/;é.OV 3 40k Cent. 0-100%, |y| < 2.4 1 10F Cent. 0-100% -
Vo = < H C % ] i 6.5< p, <30 GeVic 3
1.4k o PHENIX: |y|<0.35 - = |— = |_
o PHENIX: 1.2<Jy|<2.2 i | E N |_—
1.2} 7r STAR:p_>5 GeVic, |y|<1.0 - F AuAu s, =200 GeV - AuAu s, = 200 GeV e
il | |_|—'— 0.8 * o PHENIX: J/y (Jy|<0.35) 1 o8k o PHENIX: J/y (Jy]<0.35) -
1. | I |_|_]__ B o PHENIX: Jiy (1.2<|y|<2.2) ] B o PHENIX: Jly (1.2<|y]<2.2) ]
08 ! _\'|‘7_ l i 0.6_— (both PRL 98 (2007) 232301) - 0.6; (both PRL 98 (2007) 232301) 1
. I _ = * STAR: Jhy (preliminary) i N ]
— -60Y < - 1 .
06 " IEHJ T ll ERT Cent. 0-60%, [y|<1.0 ) 0.4_______&___. B %
04 4 i - - L (2] iy % ' :
B @ O 1 1O e e
C i : 4 r .
O_llllllllllllllllllllIIlIlllIIlIIIIlllll_ 0|III|IIII|IIII|Illlllllllllll_ 0_|||||||||||||||||||||||||||||||||||||||||||||||_

0 50 100 150 200 250 300 350 400 © 5 10 15 20 25 30 2 -15 -1 05 0 05 1 15 2

Noart P, (GeVic) y

@ Unifed model including interplay of Cold and Hot matter effects

@ With increasing coll.energy, Hot medium effects increase? where?
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Our Model: Transport(cold&hot) + Hydrodynamic

A
jinitially produced J/ N
o5k Hydrodynamic
HG \_ Evolution for
hot nuclear - the medium
matter effects QGP P /
~ 1)Dissociation
Transport| 2)Regeneration
' N7
@m < cold nuclear matter K (s sropion
for Jpsi effects fat
([)Absorption z
2)Cronin effect
3)Shadowing effect

-~ \
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Hot Nulcear Matter Effects

SRR
£ %0 *—'
Ly f‘qﬁ:
T
‘“f»,'j*t 6y - ﬂ'
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@ quarkonium distribution function in phase space f, (5.%.1)

a

0,479, (0%.5,)=-a- £, (r.5.p)+p | | &+¥©0+0

14

/(""" —1)
(o 21 j' ; d 21; i G AF, f. (k x)A/ g;%n(gis?ciit;gg)cross section by
eskin,
Effect 1 4’k d3a da
= j 4 L n)' 5 (prh—-g,- W, () /o k. x)fQ (k.
N (2”) 2E (2”) 2E, (2”) 2E* regeneration by detailed | ﬁalance !
<r?>(T) Pl
O (T) = O (I'=0) 2‘*’ ™ from Potential Model: |
<ry, >(T=0)
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Cold Nuclear Matter Effects

@ initial condition 7(p,%,7,) for transport

Superposition from pp collisions (Glauber model) along with

modification from CNM: Nuclear Froecss

abs

: Absorption

Cronin effetc

Cold < Cronin

Effects
(4 gluons in Pb / gluons in p
i LB I ARELL S AL LU B B P AL LLL PR R L
19 :LHC: RHIC
o LI A28 00 Gevt g
P 1.0 |eestenees - A ’..’.5,_17;/:'
& B . : - i
" Shadowin Toos |- Shadaiing g7
aqowi R e
0.6 ' : 5
10 107 100 107 10 1
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Cold 1——Absorption & Cronin effect

Projectile

Absorption x e—oabs(TA(fr..:..1.+°°)+T8(fr—1;.—00-28))

[

coll

<<ty (soat LHC can satly be neglected)

Cronin pT broadening (use Gaussian
smearing)

"2
Pr

2= l(_’ 44> ) - —!
[ pre "2 £ (| By = Pr )

- L . |
Jop(PrsXps2,4,25) = ~
" mgN'l(xTaZAazB)

a,y =N (1)o"" " p, Q,y =0.15GeV? /¢ (@ LHC Pb-Pb 2.76TeV

Init.J.Mod.Phys.E.12,211(2003)
Phys.Rev. C 73, 014904(2006)

= \
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Cold 2——Nuclear Shadowing effect

gluons in Pb / gluons |n p
lx3 D 3 L ll | LLBLLL | | L | "I Ll ITIH

fA(x ,UF) 12 £ LHC : RH](,

Shadowing Rr'(x,u,)=

Nucleon e 1.1 A = 208:
o = s :
for open & hiden heavy mesons D
08 T = A :
OF LT Q“=2 2SGcV -
O Gl 4 .-:....‘.15 c o 2 Gl X
10”° 10 107 10" 10" 1
I/ /
B
: (2->1)process " _Nmi+p; .
¢ Color Evaporation Model S
he
do’, do,,
pp W_Idygxle JoGes g ) £ (xz,ﬂp)%wg

(2]{)3 doY

PP | a4y dreoa (R
s,‘A \.Bp/‘ (“"’I“ :/1) 2
E; coshyy dy f

AA v [ (.3 =

o - T4(X7r)
R (X1, x,pp) = 1+ Nap[Ry (x, pp) — 1] T:(0)

B e Th o NI s
P = b, 2p)Re(Xr, X1, i) R.Vogt et al. PRL91 (2003) 142301.
> P AT T PRC71(2005) 054902
(Rg(~\'1' == -‘2*/-1.[')f])11(1)'l'-"’1‘-».»‘% ZB) ( )
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Test: Cold effects in p-Pb Collisions

B T Ml L IR FLELELALE ILELELAUH LU ILELELALT R ELE!
o 1.4- 3 LR RERN R Ras R R RESRS S s Eanes s
& . F 3 1.4F Inclusive Y(1S) LHC 5.02TeV p-Pb-
e 12t 1 1 2: _ |
1.0 7 B ]
C 2 1.0 [~
0.8 2 o _,L_
u ] o 08 |
0.6 pu ¥
C ] 0.6
0.4__ - N
F 0.4 3
0.21 Inclusive Jpsi LHC 5.02TeV p-Pb p © b=5fm —o— LHCbdata
0 o:l ' I L1l l L1l l llll]llllllll 1 l Lol L L l AN ] l Ll lllllll_ 0.2:— —D— ALICE data j
5 -4 3 -2 -1 0 1 2 3 4 5 0,05 bbb b L
. Y5 4 3 2 1 2 4
rapidity y > 3 .0. ’ °
14— : ; rapidity y
1.2f
1.0—
0.8/ . . .
PO | Cronin + Shadowing(EKS98)
0.6 ° reliminary
e ] 1
0.4~  P-Pb \sy=5.02 TeV, Inclusive J/y =] can des cri. b e fh € ,p P b dafa
0of  -A46<y, <2.96 - well /
0G——=2 7 © 8
pT(GeV/c)
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Ideal Hydrodynamics

® 2+1D hydrodynamics( /; =0)
0. p +V, (p,9,)=0 (p(3,,7)=7-nH<z==mheavy quark thermalization

0.E+V,.-M,=—(E+p)/t
oM _+V,. - Myv.)=—M_/7-0_p <}:{
(|0 M, +V, (M ¥,)=-M,/7-0,p

o,T" =0

Boost Invariance

E=(s+p)y —p M =(s+ p)y*v

@ Equation Of State:
Ideal Gas with quarks and gluons for QGP & HRG

® Initialization:

Glauber model & constrained by fitting Charged Multiplicities
and also from other well tested hydro study

. GOETHE 32
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Nuclear Modification Factor R, ,

1.0 (a) 2.5<y<4

0.8

0.6

0.4

0.0="

@ ALICE data
Pb+Pb\/s,,=2.76 TeV |
Inclusive J¥ pT>0

‘-,
~.
-
-

—
P
G T

‘~—
ey
-
- — — —
e =i i m i oy

2 =
/
1.0_—

0.8

0.6\

0.4}

02 o> ]

1. Being different from low
energy case(SPS,RHIC),
Regeneration play an important
roll in most of centralities, and
can be dominant in mid-rapidity.

2. Competition between
Regeneration and Suppression of
initial production leads to platform
structure in most centralities.

3. In mid-rapidity, at most
central collisions, model results

P = .. are lower than measurment, due
0_0-// - to possible thermal charm
00 200 300 __ 400 roduction.
PRC89.054911(2014) N, P
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Results—Yield's Centrality depen. (pT bin)

L o p,< [0.2)(GeVre) ® ALICE data

0.85-1" Pb+Pb\/s,,=2.76 TeV Inclusive J/¥ 2.5<y<4 _:

Forward Rapidity

0.6

0.4
0.2|

0.0/
1.0

1. Regeneration are mostly
contributed in low pT part.

0.8
0.6

0.4

0.2

‘lllll]lllll‘-

00 | | | 2. Jpsi naturally provide two
OF @pesaceve probes:

: a) Hard Probe: high pT,
Color Screen

0.8L

Nuclear Modification Factor R,,

0.6 1\G"

oaf b) Soft Probe: low pT,
o2} Thermalization
0ol PRC89.054911(2014), = 3
0 100 200 300 Npa:tOO f@‘-
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Results—Yield's Centrality depen. (pT bin)

Mid-Rapidity
<1.00 PbiPby\s =276 TeV -
oc . Prompt J/V¥ |y|<2.4 $ CHSiDdla |
0.8 -
0.6F .
i I pTe[6.5,30](GeV/c) 7
0'4;_ i _ uk' ku
: 1 Note the "kink"----
0.2 ] .
: Melting Tempereature from
oo . . .. .. .37 Color Screening
0 100 200 300 400
Npart
PRC89,054911(2014)
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Results—Momentum distribution

IlfllllIllIITll1ITl]1]1]]1"][7]1][1][][1][]

LHC2.76TeV Pb+Pb 2.5<y<4.0, 0-20%

1. Model results for RHIC
agrees well with data.

RHIC0.2TeV Au+Au |y|<1,0-20%

d sl el T

2. Spectrum itself can't reveal

Bd®N,,./(2x p_dydp )[(GeV/c)?]

—
o
-
T lllllll' T llllllll T IIIIIIII T lllllllI T Ill"lll T T TTTI]

1 the nature of QGP and also
1 heavy production mechanism.
10° 3
10°F 00 STAR AusAu0:20% ;3. Need to compare to pp,
1 then one can highlight the
- lIIIlLlIIIIIlI|IIlllllIIlllllllllllllllllllII— i ! _> o
gorprnbbd b blinabonbu b medium's effect—>RAA
pT(GeV/c)
JPG as Review
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Results—RAA(pT)

08t

0.6

S—
(a) 0-20%

® ALICE data |
Pb+Pb\/s,,=2.76 TeV -
Inclusive J/'¥ 2.5<y<4 |

Nuclear Modification Factor R,,

Forward Rapidity

1. Obviously: Regeneration
dominates low pT, Initial
production controles high pT.

2. The Competition leads to:
along with pT, it firstly
decrease and then slightly
increase or go to saturation.

3. The decrease behavior
clearly indicates the in-
medium regeneration
mechanism, further the QGP
eXistence.
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Nuclear Modification Factor RAA

Results—RAA(pT) ﬁf/?
N Mid-Rapidity
. | [ |
Pb+Pb\ =276 TeV ¢ CMSdata |
0.8 Prompt J/V |y|<2.4 0-100% -
0.6 1
= - "Valley" struture more clearly
:jl.
0.2 1
0'00 5 10 115

PRC89,054911(2014)  P_(GeV/c)

™ \
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Results—different collision energy
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- X | T T T T - T
.4~ = RHIC |y|<0.35 _
1 4: [__JLHC 2|.‘g<<y<4 J/V 0-20%

pT(GeV/c)
JPG as Review

What's the most important?

Regeneration are more and more
important and can take over
initial production's role

I't can distinguish diff. medium at
diff. energy, but for Experiment,
since it's differential pT distrib-
ution, it's a little harder and need
more s’ra’rlisr’rri'c;]l’ro ,9.eT:, )

ol

1.0 1
g i o LHC i
= | 0-5% Central Collisions K 2
8 0-8 B - -3 /'.' i
r - @ Mid-Rapidity i
c - o -Rapidi
S 0.6F Forward-Rapidity O ol
= :
S T - ]
) i e ]
c 0.4 5 ]
s - . I
[@))] > P il
Qo - o 3
0; 0.2 2 Ko P
5 SPS " ]

- S =
0.0 o —
. 1 L L Ll Ll Jl ' 1 ' L.l 1 ' l L Ll L Ll

quantity change leads to qualitative change 10° 10°

Center of Mass Energy\ s,,(GeV)
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s 1 . <pi>AA

OGP 1

[ O NA50 Data |y|<1 Z\l/
04— LHC — — . — . N

? e :mmx}oam w:l<oss : # : ; = Vyg = freg V44 (reg ) + (1 freg ) V44 (zmt )
1.6~ (b) Forward-Rapidity -:

a, rAA(reg.) <<rAA(init.)
b, QGP stronger----- f_reg larger.

1, compared to total yield,
more sensitive to the

o.sE— ® PHENIX Data 1.2<|y|<2.2 LHC_E -——- -'rhe hO"' medium effeC'rS .
T B ALICE Data 25<|y|<4.0 2 o N N °
0aF | 1 4 it can indicate the production

gl
8

010 200 : .
PRC89,054911(2014) N, Mmechanism at play.
\T el Phxza AR24 240C (D 010

L/I.\JL XL 11] el LUJ_T’L'_T/ \./\

pN
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® ALICE Data 2.5<|y|<4.0

OAT X
o 00200 300 700
PRC89,054911(2014) part

11/18/2014

2, sensitive to the degree
of heavy quark thermalization.

3, not sesitive to the cold
nuclear matter effect------
Shadowing effect.

clearly indicates QGP's medium
effects
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Results—Eilliptic flow v2 O NEES

1a- // Pb+Pb\$,,=2.76 TeV ;

12— / Prompt J/V¥ |y|<2.4 —

10— Regen./ —

/ b=8.4fm N .

. 1, most v2 is from

6 Regeneration since strong
2 4 energy loss for heavy quark.
; 2:
= o
.::, 15—:: b
= o { 1 2, "Ridge"struture from two-

5 thermal B . Componen.‘. .

o e L pacos | hard Cinitial. jet)

: l soft (regeneration. hydro)
-5/~ Pb+Pb\/s,=2.76 TeV =
- Inclusive J/'V 2.5<y<4 T . . .
| T—_ L4 3, v2' for high pT indicates B
agpeeennnd meson's thermalization
pT(GeV/c)

PR(C89,054911(2014 £

11/18/2014 G019 26 Kai Zhou @ Frankfurt COETHED

AAAAAAAAAAAAAAAAAA



s Tsinghua University

1-2_""l""l""l""I""l“"[""[""_

:tt - | Pb-Pb |'s,=2.76TeV -

i S Primordial Y (1S) 1

0.8 — — Regenerated Y(1S) |

0.6 7

e - ——

- ® CMS:Y(1S) - :

0.2 lyl<2.4 g

L e E T P R RN B | "

10_’"‘I""I""[""I""I T ] 7]

< Pb-Pb \s,,=2.76TeV .
< |

o 0.8_— ® CMS:Y(2S) —— Total Y(2S) .

0.6[

0.2

0.4/ | 3

lyl<24 -

--- Primordial Y (2S) i
— — Regenerated Y (2S) ]

K

e

.o
50 100 150 200 250 300 350 400

Npart

1.2_"_"]""l""l""l""I"“I""I""
< [ | Pb-Pb\sy=2.76TeV ]
N T —— Total Y(1S) .
E e Primordial Y(1S) 1
i _ —— Regenerated Y(1S) |
1 &

s I S
- ® CMS:Y(1S) :
0.2 |yj<24 e
NNl e ey b e T T T TS T T
1 L P DAL P I I T o
< -0? Pb-Pby\s,,=2.76TeV ]
C o8l CMS:Y (25) —— Total Y(2S) N

i lyl<24 - Primordial Y (2S)
0'6._ — — Regenerated Y (2S) g
0.4/ ' V=F 1

o

0-00="50 "100 150 200 250 300 350 400
N

part
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Results—Bottomonium

128 popbys,276TeV i2d o
1.0k * cmsdata { +candistinguish V=F or V=F

0 50 100 150 200 250 300 350 400
N

part

“1 Mid-Rapidity

* importance of regeneration : LHC Y
0.2 28
for Y(ZS) I o i0 200 300 - 400

Number of Participants N
part
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Summary for Heavy Quarkonium gégv’f ?/é

® Both Cold and Hot medium effects are included self-

consistently
@® Regeneration dominant at LHC, and also dominant at low pT

® From low energy to High energy, the most import change is
the increasing for Reneneration fraction

® We introduce the Nuclear Modification Factor for
Transverse Momentum, r. =(r:), /(r7i) ~ which can clearly
distinguish the diff. medium at diff. energy. It's sensitive to
the Hot medium properties and also the thermalization for
heavy quark

@® 1 (25) can distinguish V=U or V=F and also the re-
generation!

. GOETHE '\ )
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Thank You !
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