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Introduction

Large mass scalem, >> A, T

® Produced via Hard Processes from early stage

® “Calibrated" QCD Force---Heavy quark interaction

> Invacuum NR potential (or NRQCD) e.g V() =—a./r+kr
---spectrosconv well described

» In medium Color screening O =, g

o‘o

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

T/ T 1/(r) [fm]
® Thermometer 4
1P
eg fOr V=U=F+TS (Satz et al, 06) F from IQCD : z::{:s)v(zs)
state || J/wi15) | w(1P) | w(28) | T(1S) | x(1P) | Ti25) | ve(2P) | T(35) ;C:'((l%i;} Tq:i_?gg)
TafT, 2.10 1.16 ‘

1.1% = 4.1 1.76 1.6

1.19 1.17

® Not so simple, many other effects affecting...

(A.Capella et al) (J.W.Cronin et al) (A.H.Mueller, R.Vogt, et al)
» Cold matter effects: nuclear absorption,

Cronin,  Shadowing
> Collisional break-up: gluo-diss.(G.Bhanot and M.H.Peskin) quasi-free diss.(R.RAPP)

> Regeneration/recombination: coalescence (PeM, Thews, R.Rapp, PF.zhuang...)

~=1 No effect
. NAA HQCD "
® Observation Ry, = ——%—~

medium <

<1 Suppression
N N "QCD "

coll™" J/y vacuum

~>1 Enhancement
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Introduction

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

EE"' LIFR [ ) P50 0 P T ) LR L e e T T I T I L B B I S O B I O I
B F"bF'b ls .r_'TE-TE:" - I A |
o - 4 14— : 76 TeV -
18- = I::ru'ls E 5<p,=30 GeVic, [y|<2.4 B PbF-i 15?‘-: 51:.3 1
C o ALICE: 2.52y<4.0 m CME prompt Jiy
: i B Cent. 0-100% 24 1
15; Aubu |5, = 200 GV 1 12r | - e Iyl = 1
14! o PHEMIX: Jy|<0.35 J =
: o PHEMIX: 1.2=|y|=2.2 _ 1:3:-.-7
12 < STAR: po= 5 Gevie, |yv|=1.0 - FXTAT Ir'E_HH = 300 SeY
] 08— ] * o PHEMIEX: My {|y|<0.35) —
. | e . B o PHEMNIX: Jiy (1.2=y]=2.2} ]
._ - - ~ i = {3 i m|
08 Lo i {both PRL9S (2007) 232301)
] | * STAR: Jy (preliminary)
0.6 # FH: _.I_h |_+_| & B s %E : Cent. 0-60%, |y|=<1.0
" ' i I
Al
i 02—
0.2 ] - = %
._.|||Z.|.|L| ST T T U O T Y IR T T T A B A I | P T T A B B TR A
IDD 50 100 150 200 250 300 350 400 L] 10 15 20 25 30
L P, (GeVic)

v" Unifed model including interplay of Cold and Hot matter effects
v" With increasing coll.energy, hot medium effects increase? where?

v" To higher energies (eg. FCC) what would happen? (thermal charm ?)
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Transport Model

Transport(cold&hot) + Hydrodynamic
A

linitially produced J/

generated J/y
anomalous \ HG > HydrOQynamic
hot nuclear Co A A Evolut|or:v
matter effects _acp |} J {8 T4 =0
 1)Dissociation d,j*=0
Transport | 2)Regeneration + EoS
Equation < g;)fl:lc:\suclear matter S e sosomies
 1)Absorption
2)Cronin effect
3)Shadowing effect
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Transport Model- transport equation & hot effects

e quarkonium distribution function in phase space fv(Z,p,t)

. B g+¥ < 0Q+Q
atf 1 e va 5 Uzazf = —Oéf S 6 o IB
1) Gluon dissociation :
1 d’k N, /(e™"'" —1)
= O o AF o f (kx) T
2E, I (2n)2E, oo [k X)

e (w) | Spectral Function

>< in Vacuum  OPE (Peskin,1979) 15| S
w;“ w — 1 3/2 a 5_ .'I PR\ T _

lIl ¢ O.g(w) N AO( (.;;I'Eﬂ-‘)g .D I e.; “t:-: : —Hq:.-l -

€, = const, for T(I; < T < Ty, 2 T ,jf;;.__

in Medium spectral peak dissapear above osf '

some tem. Td ° 5 0 15 20 25 30

w [Gev]
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Transport Model- transport equation & hot effects

e quarkonium distribution function in phase space fv(Z,p.t)

U +¥P - Q+Q
dif +r - Vof +v.0.f = —af+ 8| ¢ B
1) Gluon dissociation : " —
— 1 d3k _/—N /(epguﬂ/T _1)

4F,, f,(k,x) :

= 02
2E, I (2n)2E,

g c .
>< in Vacuum  OPE (Peskin,1979)
w'f”{ 7__! - 1 3';2
v : O R

(W'f’rﬁli’)S E
ey = const, for To < T < Ty, .
2
in Medium <ry >(T)
ow(T)=0_,(T=0)
¥ o <r,’>(T=0)

Codpe 4
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Transport Model- transport equation & hot effects

e quarkonium distribution function in phase space fv(Z,p.t)

Of +Tr-Vrf +v.0.f = —af + 5[ 977 77

2) in-Medium Regeneration :
1 J d’k d’q, d’q,
(27)*2E, (2m)*2E, (27)"2E,

(2m)* 0 (p+k =, = Q)W (5) fo (K, X) f5 (K, X)

2m,

4 (s—m)°
:_( ‘P)z Gdiss.(s)
3 s(s—4myg)

> Detailed balance : O,.(S)

AR RS I LRRN RN LN RARE EERNRRRE ERRS RALE LAY | P
® P .8, v {El B

—_—
ompt O [y [<0.8, v,[EP} o 4 gb PoPb. 5, =276 TeV ]
wst. from dai :

nnnnn
vvvvvvvvvv

> heavy quarks are assumed to be
kinetically thermalized:

1.6 .

e Average D, D', D" |y|<0.5, 0-7.5%
1.4~ owithpp pT-e)nrapnIamd reference

= Charged particles, n|<0.8, 0-10%
1.2, Charged pions, |n|<0.8, 0-10%

f, (k, x) = N(x)n, (x) /(e T +1)

Centrality 0-10%% Centrality 10-30%
.................................... IERAETRN FRRE RRREARTARRRE FRRIRRTARTTI
14 16 18 2 4 & 8 10 12 14 16 18 0
Py (GeV/ic) [N (GeV/ic)
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Transport Model- solution of transport equation

2, 1 2, _
+ — 511111(1; —n)— + - Vi| f=—af+ 73
ot an

{C sh(y —n)

f(}?f Y, ;Etr T, T)

= By, 7i(70), Y (10) o
—i—/ dr'B(pe.y. (7). Y (7 f dr ”i

TO

o P
t 7,
7 ( ") = T — [T cosh(y —n) — chosh(i\(,u — )]

rel T
Y(r') = yv—-Aay-n)

o apry. (). Y (7). )
N cosh(A(y — 7))

! e ! .f)’ » U ¥ r
B(pe.y, (7). Y(7),7") = (j}tc;sl}lzg(l —E}))) )

Aly —n) = arcsinh(i—f sinh(y — 7))

Both Initial production and Regeneration suffers Suppression
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Transport Model- transport equation & cold effects

e Initial condition /v (Z. p. t)for transport eq.

Glauber superposition from pp collisions along with modification from
cold medium effects:

Cold
Effects

r Absorption

A —

\ Shadowing

Cronin  Gassian smearing treatment

Nuclear priectie
ab

.1 <<Uly soit's neglected at LHC

Cronin effet

" gluons in Pb / gluons in p

L2b TLHC | RHIC ) gogES
r-!.l_]-— = E’_:‘:-‘;.i |
2B R Wi e
S09L | Shoduiinge l/ Anti N\
*".‘c:“’ 0.8 * 2 Jﬂ_- ff ; ;5hqdowir:;g — n PDF VS free PDF
e s b i R.Vogt et al. PRL91 (2003)
? L 1 : I i

T T T X 142301.PRC71(2005) 054902
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Transport Model- test of cold matter in p-Pb

"a1'4_ NI BT LR R IR EL T L FLE RS R RS P R R (E el
e 1.4F Inclusive Y(1S) LHC 5.02TeV p-Pb-
m 1.2 = B ]
- 1.2 —% -
1.oF b=5.4fm E ’ .
C e ’ 2 1,
0.8 4 = 0;
B C 0.8
0.6 gl C
i 0.6 5
04— i i :
i 0.41 m
0.2 inclusive Jpsi LHC 5.02TeV p-Pb m " b=5fm —o— LHCbdata -
0D:..,.1..,.1..,.1..,.11...ll...Jl...l..L.Jl...z,.l.: 0'2:_ —0o— ALICE data
5 -4 -3 -2 -1 0 1 2 3 4 5 1)1 | FTUTS PUUUR FUUTE FUUTE FRUUN FUUTE PIUIE I P I
. g 5 -4 -3 -2 -1 1 2 4
rapidity y ] 3 .0. 3 ]
, , rapidity y
p-Pb 5.02 TeV
< B -y
D'."t 0.6 ® ALICE Preliminary |
0_45_ p-Pb \sy,=5.02 TeV, Inclusive J/y _
oof  -adbey, <296 E Cronin + Shadowing(EKS98)
0G——=2 4 & = 8

pT(GeV/c)
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Results—Yield's Centrality dependence

Nuclear Modification Factor R,

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.6}

0.8

0.4

(a) 2.5<y<4 e ALICE data
Pb+Pb\ s, =2.76 TeV |

Inclusive J¥ pT:=-0

R » Regeneration plays an important
I . roll in most of centralities, and
i{;:--*'“"" : can be dominant.

» Competition leads to platform
structure in most centralities.

0.2}
0.0 , , , . . . .
0 100 200 300 400
PRC89,054911(2014) N
Kai Zhou, Wuhan, CCNU QCD Phase Structure Il 12



Regeneration Franction

Excitation—Regeneration Fraction

10— =
_ 0-5% central collisions ]
L LHC . -
08 ... Forward rapldity 4 As the collision becomes more violent,
| —~ Mid rapidity pre )
0.6 5l ® Medium becomes hotter:
i RH.C////’,/ = stronger suppression for
0.4 /// g initial production
- / jr " -
0.2 7 2 :
zel P { ® More charm quark pairs:
- g i larger regeneration
M ! bl | Lol i
10° 10°

Center of mass energy\ s, (GeV)

The increasing trend for reg. fraction ----- > regeneration gradually
dominant the charmonium final yield along with collision energy

Kai Zhou, Wuhan, CCNU QCD Phase Structure Il 13



?pp

2
T

Faa=<P3>an/<P

Excitation—Momentum modificaiton

(7 )
(i)

N ] T T T N pp
1.6 [ ---- Forward rapidity o ]

) sps,\\“‘mm — — Mid rapidity 1 > Initial productlon:
1.4 \\ 1 @ Cronin effect in initial stage
: 21_ ¥ } " 1 @ strong low pt suppression and

T \ i high pt leakage effect
1.0 \i\ ‘lilzh : = initial pt broadening

: T Sag U e

0.8]- A2 ~JWs 1 »” Regeneration:
063_ e 1 @ coalescence mechanism
Tt . ..., L+ 1 @ HQ energy loss induced
102 10° thermalization
Center of mass energy\ s, (GeV) = low pt regeneration

The decreasing trend for rAA ----- > much more hotter medium effects
are working at LHC

Kai Zhou, Wuhan, CCNU QCD Phase Structure |l 14



Excitation—High pT part

18— :
1.6 \\ High-p_J/¥ in central collision - AS the collision becomes more violent,
1.4 \\ = '
< 20 e \ B S!ncg energy loss, the charm's
o ¥ 1 distribution becomes steeper, then the
o L - regeneration can hardly contribute to
0.6 3-6¢<p <5 GeV \eo 1 high-pT part.
“F b 6.5¢p_<30 GeV
0.4 RHIC ~~ LHC T . : L ,
atf- p>5Gev s 4 ItS dominated by initial production, for
: o .~ 1 which the controled by Debye
' 102 10° screening and suppression.

Center of mass energy\ s, (GeV)

The decreasing trend ----- > stronger screening and suppression
--> hotter medium created at higher energy collisions

Kai Zhou, Wuhan, CCNU QCD Phase Structure Il 15



Thermal Charm Production--Motivation

When we go to higher and higher energy collisions (eg. FC

the medium become much more hotter and denser

hotter means thermal partons are more energetic ~ v's

|

denser means a higher PDF in the medium

o Pl (s) = Zjdxldx26'ij_>[CE](Xlx25, m?, 1) f," (x,, 1) ij (x,, )
i,j

10°

10°E

10E

JHEP 1207 (2012) 191

I

T

<4lmn>+D+D+
TEEIRFSICEEEZ

:::::::

C):

.

T T T T
une.)

T

10°

10*
s (GeV)

—— Secondary in-medium thermal charm production rate

can be /arae P.Levai, B.Muller and X.Wang, 95

=

(e-3p)T*

B.Zhang and C.Ko, 08

Theoretically, would dynamical
Charm flavor also contribute to
bulk medium properties?

like E0S, transport coefficients...

M.Laine, K.Sohrabi, Eur.Phys.J.C 75 (2015) 80

continuum limit N;=3+1 s
NE2+1+1 @ 214 MeV —o
N=2+1+1 N=6 —o—
Ne=2+1+1 N=8 —ea—
NF=2+1+1 N=10 —5—

HRG —
ertal-Budapest 2014

HTL N=4

800

1000 1200
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Thermal Charm Production--Motivation

When we go to higher and higher energy collisions (eg. F

CQO):

the medium become much more hotter and denser

JHEP 1207 (2012) 191
T T

{ hotter means thermal partons are more energetic ~ vs

denser means a higher PDF in the medium "

O Y .f dx,dx,&" 1 (x,x,8,m?, 1) {2 (x,, 1) 7 (x5, 1)
iy

i
—— Secondary in-medium thermal charm production rate
can be large P.Levai, B.Muller and X.Wang, 95

B.Zhang and C.Ko, 08

regeneration _, .2
Ny Nz

Phenomenologily,

—

/”
-
-—
-—

—
—
—
—
—
-
-
—

\
Kai Zhou, Wuhan, CCNU QCD Phase Structure Il
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{4]]

Fate| ¢f fm *

Thermal Charm Production Rate

~ dN;» 1 d®p1 d’p2

AF
v | (am)s2E, (2m)s2mE, 12012010

MNR-NLO cross section for charm production

P.Nason, S.Dawson, and R.Ellis, NPB 303, 607(1988); 327, 49(1989).

M.L.Mangano, P.Nason and G.Ridolfi, NPB373,295(1922)

10 g T T T T T T T T
,x"fﬁ.f, il
_ Prok o
e /, B.Zhang, C.Ko and W.Liu, PRC77, 024901(2008)
/ /
0001 /f/
/ I’ NLO _ _
1/ Through detailed balance, the charm pair
el 0 annihilation rate can be calculated, which
/ depends on the charm fugacity.
o .'-'I:].J. 3 T s es 07 08 09
T[ GeV]
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Fate[ ¢f fm "] 4} ]

Thermal Charm Production Rate

dN12 1 d3p1 d3p2
Rio = — 4 F
2= iy T o ) (2n)32E, (2r)32E, 120121

MNR-NLO cross section for charm production

P.Nason, S.Dawson, and R.Ellis, NPB 303, 607(1988); 327, 49(1989).

M.L.Mangano, P.Nason and G.Ridolfi, NPB373,295(1922)

~| In D. Bodeker, M. Laine,JHEP 1207:130,2012,
the thermal charm production rate or charm
1 chemical equilibration rate is connected to the

2-point correlator of HQ's Hamiltonian, and
redefined to be a transport coefficiant which

R ,,/f/ ot can be evaluated in Lattice QCD then..
f:f A(T) = /<H(T X)H(O,U}>C v RS % ;
o Lo *
' Do =, T 1+ 2@ ps().
e T : _
[ om = Qetom/ (2x: M?)
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Thermal Charm Production

rate equation for charm quark density:

Couple the above Rate equation with the Hydro evolution we
Can get the charm number's evolution ---->

Kai Zhou, Wuhan, CCNU QCD Phase Structure Il 20



— T T
2o~ Pb+Pb |5,,=2.76 TeV  y=0

Thermal Charm Production

e Time evolution for charm number
take central collision (b=0 fm) for example:

1) charm number first increase due to thermal pro. s

ihilation i Pb+Pb |s,,=5.5 TeV
and then decrease due to annihilation in later TR VST Te

y

*
Ncoll*pp

L]
L&

dN _/d

2) The larger flow will push out the charm and so
attenuate their density and the annihilation.

30—

w. shad | w. thermal pro.

only shadowing

—— e — e — —

23

thermal production in Pb+Pb becomes -
remarkable at 5 TeV and 39 TeV.

~ Pb+Pb gsﬂﬂﬂg TeV

Now put the above charm information into
Charmonium calculation ----- >

=
(53]
—|
=

Kai Zhou, Wuhan, CCNU QCD Phase Structure Il — DT



Results—RAA(Npart)

17

1.0

. 2 .
since N egeneraion ~ Nz, thermal charm production .

can enhance the charmonium regeneration 2t R et e o s P

g b

upper dotted-lines : without shadowing e 5

"F b | 5 = | e | -

@2.76TeV P il . s 5

® weak thermal charm production . =

0.6 —:

@5.5TeV B !
® regeneration enhanced ~40% (quatratic inc) ~F NI ———— —}

02 i

39TeV S

@ : € : : "L Pb+Pb |5,,=39 TV e

® wide plateau 2 clearly increasing trend )| T el ]

® central coll. 0.2-=> 0.75 (3 times!) D.Ef— mid-rapidity '",.*"' &

® production sourced directly from thermal 0.6} wio shad {w ther :

medium but not initial produced charm oAl " B2 had | . thermal pro.]

0.8

Pb+Pb s, =2.76 TeV

0.2k

Kai Zhou, Wuhan, CCNU

0.0F

— e — i E— — — — —

w. shad | w/o thermal pro. i

QCD Phase Structure Al 100 Nf:f 300 '22400



Pb+Pb

Results—RAA(pT) 1.4

Mid-rapidity, central collision

Initial production dominate high pT, - E
ISy=2-76 TeV 3

regenration dominate low pT. 0.4F
0.2 -
00F | | =
@2.76TeV i 2 E
® regeneration mostly from initial charm E :
S i =
o u.a;— —i
@5.5TeV sy VS =5.5 TeV 3
® sizeable enhancement ~ 40% at low pT 0.4 =
02 2 =
00 | i =
@39TeV s T
1.4 wlo’'shad | w thermal pro.
® RAA >1 at low pT~enhancement . & :
® slight bump impling thermalization (flow) L N T =

0.8F
0.6F
0.4F

|~w thermal pro.
VSu=39 TeV

0 = w. shad Mo Germal pro.
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Summary

=(pi) ., pr)

16

not that hot

- (a) Mid-Rapidity

a little hot

" O NASO Data Jyl<1
04~ o PHEMIX Data |y}<0.35 LHC
! i I i * i g

T + T ¥

very hot !

since Nogeneraion ~ Nec thermal charm production ,,,,,,,

—’

hard charm to thermal charm directly from medmnf
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Thank You !
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Transport Model- transport equation & cold effects

Absorption  * o—Oabs(Ta (% 24 +o0) + TR (% —b,—o0.25) )

t

<<ty (soat LHC can safly be neglected)

coll

Cronin pT broadening

Gassian smearing :

2

/
- Pr . -
[ @pige s e g (e )

1

TagN - l(fT7 ZA, ZB)

.fpp(ﬁTafT7ZA7zB> -

A2 inelasitic
Aoy =A (M), " Po 1nic g Mod.Phys.E.12,211(2003)
Phys.Rev. C 73, 014904(2006)
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Transport Model- cold nuclear matter effects

gluons in Pb f glumns |n p

. FA(x i1,) TR T R
Shadowing R*(x,u.)= 1 Sl g 2
g fNuc eon( ‘uF) "6 1.1 Bl ks zuﬂg 10000 Gc%,,.r ._;
for open & hiden heavy mesons pF P Lo L“f.?#;'i%ti-gs}m do;w;g
o EZTTT T ansat
0.6 s e i .5......15 L ::....I b'e
107 10 10 107 107" I
- Tip
hoa
: (2->1)process ,  mi+p: [
¢ " Col i del "7 fowm
- Color Evaporation Mode Sy
do), do
Ve 999
PP vy J v £y G tte) £, G 1) —2
= =3 {EJT .j dﬂ-” -
AA Jolp.xy) = 5 ) o fd;;uf:ﬁﬂﬁ.fl"r-;ﬂ)'
E; coshyy dy " T4(¥r)
Re (X7, x,pp) = 1 +N4.p[f'3 (x, )= 1] T+(0)

_j.']'g(_ﬁr' - b, :J;)ﬁyi:f';'. Xl jr') .
: R.Vogt et al. PRL91 (2003) 142301.

= r o - T PRC71(2005) 054902
R#{.T';' - f’-}- x?-H.f']f‘r:‘r:(p?'wﬁf's-’w-“l-f--B] ( )
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Results—Eilliptic flow v2

b A
- / Pb+Pb\s,,=2.76 TeV -
12 ! Prompt J/'¥ |y|<2.4 -
10  Regen. ;‘f b=8.4fm =
sf / - 4 » remarkable v2 from the
.. B 1 regeneration = reflect
L 4 e i
I 1 heavy quark thermalization.
& opflmn™ :
g s | T 2 "ridge” structure due to
= 10 s 1 two component competition:
5 ® thermalB _ :
bt L. pacos | - {hard ( initial . jet )
.53— Pb+Pby s,,=2.76 TeV ! —f i
" Inclusive J/¥ 2.5<y<d il soft ( regeneration . bulk
01 o ALICE data 0-00% b )
L e T S T R

PRC89,054911(2014)  Pr(GeV/
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Backup—Yield's Centrality depen. ( pT bin )

Mid-Rapidity
S1.0 pbiPbys,=276TeV
o . Prompt J/V¥ |y|<2.4 e CMS Data -
0.8] y
0.6} .
- I pTe[ﬁ.S,aﬂ]{GeWc) ]
0.4 i n ]
: | Note the "kink"----
0.2 ] i
: Melting Tempereature from
oo . , . . . . . .1 Color Screening
0 100 200 300 400
Npart

PRC89,054911(2014)
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Results—Modification for Trans. pT: rAA

j B PQCD charm -
12 "W # <p2>
= e =] T
1.0 s _‘\ S S R p— I”AA == 5 AA
e | _ <pT>pp

0.8

4 1, sensitive to the degree
ik 1 of heavy quark thermalization
+——+t——+——+——+ --energy loss.

12— =

0.6

2, not sesitive to the cold
nhuclear matter effect------
Shadowing effect.

0af~ ® ALICE Data 2.5<ly|<d.0 - clearly indicates QGP's medium
T o e aw effects
PRC89,054911(2014) Npar
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Fixed Target Pb+Pb 2.76A TeV (AFTER) ~ sy =72GeV

125 | lower border :w/o Shadowing
upper border : with Shadowing

Ay=tanh™ B__=4.3
-

. FixedTargalPb+PbE|ah=2-75ATGV:!’la,f"-:? E mld'y (Iab'y:43) AntI_ShadOWIng

T fory (lab-y=2.3) : Shadowing
| 2R Ry "

ZEE =™
AA

s RREZRAL

N e L R R AR T L0 L TLLLIHRL KL
LiZzzz 7 e

=2.3
3

Double Ratio

0.8
Fixed Target Pb+Pb EI "'|=2.76A TeV, Jhy
L 1 L . L | 1 |
0 100 200 300 400
Npart
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Results—pT dependence RAA(pT)

0.8

0.6

0.4

0.2

0.0

[R:]

K]

0.4

0.2

0.0

Nuclear Modification Factor R,,

[a}n 20%

" ALICE data

Pb+Pby s, =2.76 TeV
Inclusive J/V 2.5<y<d |

0.8

0.6 -

Y |

0.2

0.0

Kai Zhou, Wuhan, CCNU

p_(GeVic)

QCD Phase Structure Il 11

> Initial production:
® Cronin effect in initial stage
® strong low pt suppression and

high pt leakage effect
—> initial pt broadening

> Regeneration:

® coalescence mechanism

® energy loss induced
thermalization

—> low pt regeneration

PRC89,054911(2014)




Results—Modification for Trans. pT : rAA
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Results—Bottomonium differs V=U or V=F
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Transport Model- ideal Hydro dynamics

e 2+1D hydrodynamics( 1, =0)
0. P +Vo-(Prve)=0 (p,(x,,7)=7-n'") 4mm Kinetic thermalization for HQ

JE+V, -M,=—(E+p)/t
< a”L'Mx_|_VT.(MXVT):_MX/T_aXID
oM, +V,.-(M,v,)=—M,/T-d,p

{B#T“V:O

Boost Invariance in z-direction

E=(e+p)y° —p M =(g+p)y’v

e Equation Of State:

Pb-Pb

| 2500/ ALICE W
5 |"' *PRL 106 (2011) 032301 €

Ideal Gas with quarks and gluons for QGP | b M vy

"0-5%

hits ok Preliminary *3-10%
& HRG for Hadronlc phase zmujv” 5 10-20%
i * 20-30 %
Tracklets ‘ -{“%‘.+ 20-30%
. i o,
1500/ 4P e
#‘+ ! _Lﬁi{kﬂh} - e any i:‘h}:iﬂ;"r_‘ %

e Initialization:
Glauber model & constrained by
fitting Charged Multiplicities_
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