





Objectives of this talk

¢ This is neither a ALICE nor a LHC experiment overview talk.

¢ Rather, a talk by showing the most recent results from LHC
experiments (with my personal bias).

¢+ adopted the many other’s slides presented at Hard Probe 2012,
and recent conferences.

Try to simulate theorists, experimentalists by many new and
exciting data.

¢+ Tried to cover all topics, but might be not so comprehensive.
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1. Low p; single particle
production
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= After scaling RHIC results (x2.1) to
the multiplicity of central collisions
at the LHC
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¢ From RHICto LHC:

¢+ increase in dE;/dn per participant
pair by a factor 2.5

¢+ Similar centrality dependence

density of the medium
orken formula

$ Energg.
J

from

1 dE,
Tt R® dy

\ E5T =16 GeV/(fm°c)

¢ Where T = (unknown) formation
time

R=1.124" fn

¢ =3xggx at RHIC
¢ RHIC: €t =5.4%0.6 GeV/(fm?c)
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T,, (MeV)

Identified particle spectra
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. . p. GeV/c
Very significant changes in slope compared to RHIC T
Most dramatically change for protons “

Very strong radial flow, 3 = 0.66 (10% higher than RHIC) I
Even.larger:than predicted hysmost recent hydro (e.g. protons) 12/06/16 “
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Thermal Model Comparison

I
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¢ Mid-p; region: 2 <p <5 GeV/c

¢ Ratio >1 for spectra in 0-40% central collisions
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HBT correlations *“;

rferometry of identical bosons

wo-particle momentum correlations in 3 orthogonal directions

HBT radii (Rlong’ R5|de’ ROUt) pz
olume: x2 compared to RHIC
fetime from R,__.: 40% higher than that at RHIC /
3 i 7
) 7T Ka(my/T) o
Riong k) = mr Kqy(mp/T)’ 1011‘7 .= “J'T(TE'FH?EE

Phys. Lett. B 696 (2011) 328 Phys. Lett. B 696 (2011) 328

400 —————

. - e —p
‘:g [ A E89527,33,38,43GeV 3 E 1oF A E89527,33,38,43GeV ]
= 350F A NA4987, 125, 17.3 GeV . = [ A NA4987, 125, 17.3 GeV 1
8 [ @ CERES 17.3 GeV ] v~ jol ™ CERES17.3 GeV Ei ]
@ 300F # STARG624,200GeV ¢ [ % STAR 624,200 GeV ]
- f O PHOBOS 62.4, 200 GeV - [ O PHOBOS 62.4, 200 GeV 1
c% 250F @  ALICE 2760 GeV ) 8l ® ALICE 2760 GeV @ N )
o 1 ! ]
200 r sl é% p
: i 5 a B
150F % % % 3 [ )
: ] 4r E
100F E A - 1 ]
50F ALICE: PLB696 (2011) 328 - 2r ALICE: PLB696 (2011) 328
0 - " " M " 1 A " 5 M 1 " " o " 1 " " " o : 0 I " 5 M 1 M 5 o 1 " . " 1 " " M 1 o 5 " 1 " M o 1 " M " ]

0 500 1000 1500 2000 0 2 4 6 8 10 12 14

(AN felsy 6

Heavy lon Cafe, T. Chujo (Univ. of Tsukuba)<chh/drl ) =




T radii scale linearly
N <N>"3in pp and

Pb, but with different _ i

iong: Perfectly agree
: reasonably agree

< chh/drl >1/3

® STAR AuAu @ 200 AGeV
< STAR CuCu @ 200 AGeV
v STAR AuAu @ 62 AGeV

¢ STAR CuCu @ 62 AGeV

* CERES PbAu @ 17.2 AGeV
A ALICE PbPb @ 2760 AGeV
® ALICE pp @ 7000 GeV

* ALICE pp @ 2760 GeV

OJ ALICE pp @ 900 GeV

A STAR pp @ 200 GeV
--- fits to ALICE pp
--- fits to AA @ < 200 AGeV
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¢+ Behaviour of all 3 radii in qualitative
agreement with hydro expectations

Rout/Rsige: SOMe model cannot describe

the data.
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K°. HBT in p+p 7 TeV (1D)

4 xx M1-11
KK 7Tev p+p 4L 1 ] [ axmi1z-22
s s A 3 o M23-
Mult 1-11 kr 0.4-0.8 GeVlc-

ALICE KOKO M1-11

1 KOKO M12-22
ALICE Preliminary KOKO M23-

Lednicky fit 7 TeV p+p

Lednicky fit

W
= == = Gaussian part of Lednicky
R =0.955 +- 0.027 fm "
A =0.497 +-0.038 .

: T 0,0 ]
® Data/PYTHIA(quadratic) j + xtvs. K .K .

— Gaussian fit
R = 1.378 +- 0/053 fm
»=1.060 +- 0.076 >C

-

ALICE Preliminary

L

02 04 06 : ‘ 05 .
QifW (GeVlc) kT (GeVlc)

ALI-PREL-331 -
ALI-PREL-364

Baseline estimated with PYTHIA. Extended k, coverage
Strong interactions significant.

Radii consistent with that from pion-pion channel.
Low M Radii rise with kt for pions but not for K°S.

Also being done in Pb-Pb 2.76 TeV!

Indication of k; dep. of
R, in p+p (radial flow)?
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v, at LHC (early results)

® ALICE
¢ STAR

%= PHOBOS
[0 PHENIX
W NAYY

O CERES
+ E877

* EOS

A E895

¥ FOPI

10° 10° 5 1 15 2 25 3 35 4 45 5
\/syy (GeV) P, (GeV/c)

PRL 105 (2010) 252302
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At LHC, p; integrated v, increases by 30% compared to RHIC data at
Vs y=200 GeV.

v, vs. p; does not change within uncertainties between Vs =200 GeV
and 2.76 TeV

¢ 30%increase of p;integrated flow explained by higher mean p; due to

stronger radial flow at higher energies
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Identified particle v,

o 0.25 — |
> 3 ALICE preliminary, Pb-Pb events at =276 TeV i . .
- (PHENIX data: Au-Au@200 GeV) Vo g Con Iparison with

0.2 OxK (PHENIX)  —~ RHIC hydro : PHENIX results

ro

C [p (PHENIX) CGC initial conditions) Lo
[ @)= v,i2 lan1}p (Ws=0.2) > and hydro
@K v, {2, anj>1) =

[ (WP v,{2, |an|>1}

centrality 20%-40% °.

| | | P P |

P P P PP i " " PR
0O 02 04 06 08 1 12 14 16 18

PHENIX data: PRL 91, 182301 (2003) P, (GeVic)

STAR data: PRC 77, 054901 (2008)

Hydro: Heinz et. al, arXiv:1105.3226
Large mass splitting at LHC compared to RHIC as predicted by hydrodynamics
models.

of

Pion v,: described well by hydro. predictions with MC-KNL CGC initial conditions
and nfs =4077.

(K and ) Anti-protons: overestimated by the same calc. for central collisions.
v' Larger radial flow than in the Hydro model

v’ Rescatterings in the hadronic phase play animportant role (arXiv:1108.5323)
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Identified particle v,

o

> - ALICE preliminary, Pb-Pb events at\ s,,, = 2.76 TeV - ALICE preliminary, Pb-Pb events at\ sy, = 2.76 TeV
- centrality 10%-20% - centrality 40%-50%
(CGC initial conditions)
n*, v,{SP, jAn|>1} (n/s=0.2) | @, v,{SP, |an|>1}
@K, V.{SP, An|>1}  -hydro LHC L @K', V,{SP, An|>1}
O[3 vszP. Ani>1}  -hydro+UrQMD LHC § - WP, vzfsp, |An|>1}
L]

~ (CGC initial conditions)
(/s=0.2)
~hydro LHC
--hydro+UrQMD LHC
M M " PEETEE BT SR R S |
3 3.5 . 1.5 2 . 35
P, (GeVic) P, (GeV/c)

25

VISHNU: Heinz et. al, arxiv:1108.5323

Anti-proton v, is better reproduced by hydro calc. followed by the
UrQMD afterburner model for central collisions..
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Quark number scaling of v, with

strangeness

‘i E Pb-Pb events at |s, =2.76 TeV o Pb-Pb events at | s, = 2.76 TeV
'i il Centrality 20-40% o 45 Centrality 20-40%
| 0.12f- ' 0_12:_
o it ?H{ b ot | mH;HHH b
§ < 0.08f ;ffi}ﬁ%ﬁ ﬁ it i < .08 ?%ﬁ?f it %
S . 1  i > i .‘}
- ooef i3 006 4
Y S *iifii ] % ®1 0.04f g%fi{ E ©‘,
- 4 B o = B
0.02E ® & ALIGE prliminary 0-025 e @ ALICE preliminary| |
% o5 35 > 25 Y I R T S S
pT/n [GeV/c] (mT-mO)/nq [GeV]
-+ Just simple p1/n, scaling does not work at LHC.
¢ Scaling works better as a function of transverse
~energy, but not perfect.
Heavy lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/16



0.

“triangular”) harmonic: /

. has weaker centrality dependence tha

/hen calculated w.r.t. participant plarfe, Vs

anishes due to fluctuations.
ell described by Glauber with n/s = 0.08.

ependence forv,, v, v,, V.
..sensitive to shear viscosit ? s and to
litial conditions (Glauber, CGC) .

0 simultaneous description of v, and v
vith the same n/s. 5 - -

gher order harmonics; v,

23
PRL 107, 032301
(2011), ALICE

1

Alver, Gombeaud, Luzum & Ollitrault, Phys. Rev. C82 034813 (2010)

. v, Glauber 1/s=0.08
..... v, CGC/s=0.16
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3< p‘T <4 GeVic
2< pi <25GeVic -

C(Ad)

ratio

Fourier decomposition in di-hadron corr.

1.015

1.01

1.005

0.995%

0.99

1.002

0.998

Pb-Pb 2.76 TeV
0-10%

decomposition
C(Ap) = A
nmax - min
Pb-Pb 2.76 TeV, 0-2% central
B 2<p;, <2.5GeVic 0.35 Centrality
*“ 15 < p: <2 GeVic 0.3+ X2 —— 0-2%
L ’ A 4 0.8 <|An| < 1.8 ’ e
Fo 0.25- 2<p)<2.5GeVic
— ¢ " ) e 1.5 <p] <2 GeVic
RN VAN NS00, YW e | IR N
S S S8 ; A, T Ta
B > *
‘ B S ? 0.1__
e ¥ )
xlndf 333/35 0.05
*ﬂ* #_!* IW% 0 s TR
1 , l | | | |
b I
Ad [rad] n

V nA [1 0-2]

5“ - Centrality
——40-50%

47 ~+-20-30%

T @ 10-20%
3T ~-2.10%

T —-—0-2%
27 2 <pl <25 Gevic

T 1.5< p: <2 GeVic
1+ o=
0—+—=%= - . A R T o

24

¢ Extract 1D Ag correlations by integrating the C
(An,A) in 0.8<|An|<1.8 range and do a Fourier

R jf C(An,Ap) o<1+ 22 v, cos(nAg)
77 min

‘5 components describe completely the correlations at large An and low p;
& Strong near-side ridge + double-peaked structure on away side

arXiv:1109.2501 |




uark number scaling; v, & v,

=0.15
i centrality 10%-20%

Vo/n

] |_T_|1ti, v2{SP, |an|>1}
0.1+ EK*, vz{SP, |An|>1}
- (8P v, ISP, [anj>1)

ALICE preliminary, Pb-Pb events at \ s, = 2.76 TeV
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ALI-PREL-2473

V4/n,

-0.01%

0.05F
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ALI-PREL-2489

Z_ ALICE preliminary, Pb-Pb events at \ s, = 2.76 TeV

s centrality 40%-50% i f I
; [#vaf2} n* ‘{ ; k

C @v{2 K i

- Ev@p ii.ii& ‘}

n *i.;

l
kii

3 .i;"

F § i

- *i V3 @.
WETE FEWEE P T T T P T TR
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(m mo)/n (GeV/c)

, scaling with number of constituent quarks (NCQ).
' Holds for w and K, but anti-protons do not follow the scaling.
¢ Breakup more pronounced for more central collisions.

. scaling with NCQ: marginal (coincidence?)
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26
Flow (v,, v, v,) at
v,{EP} (filled)
~ High p; (ALlCE) _ vfa} open)
v, v, v, were measured up to L zf{E?EP}
20 GeV/c in 6 centrality classes V“""‘*{EP}
- (0-5% to 40-50%). 0.1 A
:vz flattens at high p,, stays o | H
positive and increases towards 7 R ++I{'H _______

‘mid-centrality : l
‘¢ Path-length dependent quenching ~ _oes . . . . . . . | .

N v, WHDG LHC
Extrapolation

¢ Described by WHDG calculation

'V, shows weak centrality [ &
‘dependence W L

v, consistent with o within -y {’QJ{#%'

(large) uncertainties for & T Lr S ERETATES
pT > 8 GeV/C :I 1 | P .+ L |
- 0 5 10 15 20

ALICE arXiv:1205.5761  p; (GeV/c)
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v, beyond p; > 20 GeV/c (CMS)

arXiv:1204.1 850

i<l « cmszom F %.

CMS L_, =150 ub™ 0-10% O 10-20% 20-30%

0 CMS2010,j<08—f % . !‘iﬂtﬁ
o ATLAS ®o 0 o ]
wWe oo ¢ %.%".0 ¢§ %..’ o +
| 30-40% | 40-50% | | ' 50-60% |

[ e

0.1 % % .
" TR
ﬁ,oo‘ [i) t;#é.‘+ T %ﬁ0¢+ + ]
* -+ + . 4
0.0 = + : | [
I R R
p, (GeV/c) p, (GeV/c) p, (GeVlc)
First v, measurements for p > 20 GeV/c
Gradual decrease of v, above 10 GeV/c
Charles Maguire (Vanderbilt) 25 Hard Probes 2012 (Sardinia)

H eavy lon Cafe, T. Chujo (Univ. of Tsukuba

0=0°

2\
_»‘__\_ v‘._ A
AR L?

AE ~ L%

a =1 for QCD, collisional
a =2 for QCD, radiative
o = 3 for AdS/CFT
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PID v_ at high p; (ALICE)

ALICE, arXiv:1205.5761

- ALICE WOW h*+h (10-50%) . .

3-PbPb\5 =276 TeV W 1+ (10-50%) (Anti-) proton v, and v, higher than
p+P (10-50%) - =
P o PHENIX (10-50%) that of pions out to at least p; =8

7 WHDG LHC GeV/c.
Extrapolation (20-50%)

¢+ Particle type dep. persists out to
high p-.

—
—
—

Charged pion v,: reproduced by
WHDG nt° predictions for p; > 7
GeV/c.

Charged pion v, (ALICE) ~mt® v,
(PHENIX).

PHENIX data: PRL 105, 142301 (2010) P, (GeVic)
Heavy lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/16




4. High p, single
hadron production
from hard scattering




T 1 T T T T I T T T

ALICE, Pb-PbNs =276 TeV.0-5%
oK' |y|<075

m Ay <075

e unidentified charged particles, |n|< 0.8
vYyro+m,|y|<08

I
—

lllllllllL

ALICE Preliminary

Illlllllllllll

IllIIIIIIIIIIIIIIIIIIIIIIII

LI

(] =

I L 1

20
P, (GeV/c)

Light quark hadrons with p, > 8 GeV/c are equally suppressed

This seem to indicate that medium interactions do not affect fragmentation
for p; > 8 GeV/c - fragmentation occurs into vacuum
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n¥ spectrum in pp @ 0.9, 2.76, 7 TeV

P@is=7TeV(") °@Vs=276TeV @ is=0.9TeV (")
stat stat stat P @vws=7TeV() @15=276TeV L@ 15=09TeV (")
combined Spec. ' ¢ i — e g syst, stat

fit combined combined Spec.

M.o;.:o.sp' - NLO = 05p,

NLOu=p, NLOu=p,

NLOu=2p, R SR NLOu=2p,

() CERN-PH-EP-2012-001 NLO =2 p (BKK)

PCM: Poayy—see e'e ALICE Preliminary v H— -
o PHOS: ®yy PP@15=098276&7 TeV 1':0@{5'71.6‘,

Tpp Uncertainty

7 TeV t3s5

276 ToV + 7%

09TeV +5.0%,-3.9%

EdsJ(preV"cs)

dp’

P, (GeV/c)

pQCD NLO calculations [*] can reproduce data at \s=900 GeV, but

overestimate 7m0 spectrum at \s=2.76 and 7 TeV.

[*] P. Aurenche et al., Eur. Phys. J. C13, 347-355 309 (2000).
ALICE data: CERN-PH-EP-2012-001, arXiv.1205.5724

28.05.2012 pi0,eta @ HP2012
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n0 spectrum in Pb-Pb @ 2.76 TeV

-y
o
~

(c/GeV)?
3 3

3

&N

3

1
. 2 8

-
e
-

10°

T

ALICE Preliminary
Pb-Pb @\ s, = 2.76 TeV

' s yy—oe'e ee

&  2°Pb-Pb 0-20% (x500)

10*}=— & 7° Pb-Pb 20-40% (x50)

10

10°}-

& 7°Pb-Pb 40-60% (x4)
[ &  1°Pb-Pb 60-80% (x1)
e % pp (x1)

-7
100'5

!
0.6 0.7 0.8 1

5 6 7 8 9 10
P; (GeVic)

The first result on ©° production in 4 centrality classes was obtained via photon
conversion [G.Conesa Balbastre et al., ALICE collaboration. J. Phys. G: Nucl. Part.
Phys. 38 (2011) 124117]

28.05.2012

pi0,eta @ HP2012

15
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R for m0, m* and charged particles
in Pb-Pb @ 2.76 TeV

comparison w/ charged pions comparison w/ h*

. 2" 60-B0%
w2 oav 2 ALiCE Profminery o 0.20% . ALICE Profiminary
Co) (covr) 60.80% = Pb-Pb @\ 5,, = 2.76 TeV ; T2 (h'oh) 60.00% £ Pb-Pb @\ 5, = 2.76 TeV
- (x*+n) ©0-20% o) (h'ah) 0-20%

M yy—ete o' M ayy—ete o'

ALICE

0
P, (GeVic) p, (GeVrc)

* Neutral and charged pions have similar suppression in Pb-Pb collisions, as

expected
* At lower p,, neutral pions are slightly more suppressed in the most central

collisions compared to unidentified charged particles.

—> affected by baryons
17

28.05.2012 pi0,eta @ HP2012
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h* spectra in Pb-Pb (CMS)

T T T T LA I T T T T T 117
CMS PbLPb and pp
\fsnu =2.76 TeV, nl<1

—
o
o

Ed’N,/dp’ (GeVc?)
>

—8— 0-5% —m— 5.10% (x107)

—— 10-30% (x10*) —+— 30-50% (x10%)

—*— 50-70% (x10%) —a— 70-90% (x10'%)
pp reference (scaled by <T, =)

—

:-
-
n

0-10%
8 = [ 10-00%

5 10
p, (GeVic)

* Measured up to 100 GeV/c in six centrality bins
« Uses full 2011 run statistics at high p, (150 ub™)

EPJC 72 (2012) 1945

I Krisztian Krajczar (MIT) Hard Probes 2012, 27 May — 1 June, Cagliari, Sardinia 10 -
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Charged

1.6~ cms PbPb

Particle R,

s)

a(C

I

1.4 5w = 276 TeV. [ni<1.0 ]
1.2

s 1
@ 08
06

0.4
0.2 70.90%
1 L

Tea and lumi. uncertainty 7

+ 30-50% .
Ll (R B NN N .

2 345 10 2030 100
p, (GeVic)
T :

1

1 1 lllllI 1 1 L Ll
2 3456 10 2030 1001

Lol

1001

Lol 1

2 3456 10 2030
pT(GeVlc)
crre .

127
1

0.8f

[ 10-30%

L M T
1 2 3456 10 2030
pT(GeVIc)

* Dip structure develops as a function of centrality
- R, increases at high p.

L Lol L TR A N R
2 345 10 2030
pT(GeVIc)

Ll Ll ]
2 3458 10 2030 1001

P; (GeVic)

raaal
1001

EPJC 72 (2012) 1945

. =

12/06/16
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Charged particle R, , compared to models

| lIIIIIll | IIIIIII| | |
2 SPS 17.3 GeV (PbPh) GLV: dN /dy = 40D

| ) 1[0 WASS (0_7u/°) GLV. chfdy = 1400 |

CLV: d = 2000-4000
B RHIC 200 GeV (AuAu) N/dy

- . — YalEM.D =
O n° PHENIX (0-10%)

r ---- elastic, small P__ ]

2 T -
1 5 L | % h STAR (0-5%) .- elastio, lrge P_ ]
I SPS LHC 2.76 TeV (PbPb) N |
l & CMS{0-5%) — ASW
< B i |
[E( | c[ ¢  ALICE (0-5%) POM: <& = 30 - 80 GeV*/fm -

-1 ]

4 10 20 100 20

| lIIIIII | | H

—
N -
w_

p. (GeVic) 1f
Heavy lon Cafe, T. Chujo (Univ. of Tsukuba) EPJC 72 (2012) 1945 |||

s 1
?//i Krisztian Krajczar (MIT) Hard Probes 2012, 27 May — 1 June, Caglian, Sardinia 13 12/¢Ciees “
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Summary of CMS R, results

I I T l I I I I I

- CMS Preliminary
2 [ PbPbys =276 TeV

lyl<2.0 —
L s W m'l<2.1 -
- 0-10%, | Ldt=T7-150ub" e Isolated photon  |n|<1.44 —

g —u— chargedparticies ii<10 - Colorless probes are
—F3— b-quarks (0-20%) /<24 -

as much as light
hadrons)

Strong quenching for

o (353

light hadrons

15 " Gaseconaysy) | unsuppressed
I 4 Phys. Lett. B (2012) 710

! " Phys. Rev. Lett. (2011) 106
2 i
o + N
b-quarks are : + -
quenched (but not o " % o B -~
@ [%} G e :

[ %0°

arxiv:1201.5069 oL lol o Eur. Phys. J. C. (2012) 72
0 20 40 60 80 100
M [GeV]
Heavy lon Cafe, T. Chujo (Univ. of Tsukuba)
E?i%: Krisztian Krajczar (MIT)  Hard Probes 2012, 27 May — 1 June, Cagliari, Sardinia 17 12/ o i



Summary of R, (LHC)

1 1 IIIII 1 lll'

Central Pb-Pb, y=0, \’sun = 2.76 TeV (preliminary)

Charged pions [ALICE]
Charged hadrons [ALICE]
Charged hadrons [CMS]

- D"*" mesons [ALICE]
B-hadrons — J/¥ X [CMS]
Isolated photons [CMS]
W boson [CMS]

Z boson [CMS]

 —
@)
-—
O
S
G
O
wn
wn
()
| .
Q.
Q.
-
w
b o

Illllllllllllllllllll

.

.J_,!.al"° .‘..‘ A

T e

| | L I

2 3 4567 10
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5. di-hadron
correlations
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Motivation of di-hadron
correlation measurements

@ Study the jet properties in pp
e Probe jet medium interactions in Heavy lon collisions(Di-hadron Tomography)

Vacuum Static medium: Flowing medium: -
(reference) Broadening Anisotropic shape g An rms

‘ W E . — 4+ Near o AP rms

®: Nedr oy

T T T S T T T
(o] 100 200 300 400 500 600 ,700
chh/dn

Figure: Broadening in a static
medium.Longitudinal flow results in deformation
of the conical jet shape

Figure: Néstor Armesto, Carlos A. Salgado and
Urs Achim Wiedemann, PhysRevLett.93.242301
(4 < PT,trigg < 6 ®0.15 < pT a550c < 4 GeV/c)

Dong Jo ,Kim (JYFL/HIP) Particle Correlation Results from ALICE at LHC 3/2
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di-hadron correlations

a) not background subtracted - ° Pa.rtlcle—ylelc.i modification ln._let—|.lke
<15 GeVie 1 azimuthal di-hadron correlations in
4<p:::°c<GGeV/c— Pb-Pb collisions (Phys. Rev. Lett. 108,

o = 2.76 ToV 092301 (2012), ALICE)

1  dNssoc
Ntrigg dA¢
Ya
Yop

Ycen tral

o

Y(A9)

o

Iaa

©
g
g
B
g
%m
0.

e -t : Icp = Y .
c¢) background subtracted i peripheral
—— Pb-Pb 0-5% centrality -
Pb-Pb 60-90% centrality |
pp !

In prassoc > 3 GeV/c for higher trigger
momentum bin( pririge > 8 GeV/c ), flow
background is not very important and signal
is more pronounced than the background

Ag (rad)

Particle Correlation Results from ALICE at LHC 8/20 |
12/06/16




I I T T l T 1 T l T I 1 | 1 I 1 |
- Near-side 8 GeVic<p ig < 15 GeV/ic + Away-side ALICE
O-\ow=276TeV P <Py MI<10 |
i ] 0-5% Pb-Pt/ypp  60-90% Pb-Pb/pp
O Flatbkg m Flat bkg
o vpbkg ¢ vy bkg

Figure: Phys. Rev. Lett. 108, 092301 (2012), ALICE

¢ Enhancement above unity of 20-30% on the near-side (not
observed at RHIQ).

¢ Away-side suppression at LHC (less at RHIC, i.e. lager I, ?) while
DR

single-hadron suppression is found to be sllghtly Iarger aRIS

small) than at RHIC.
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43

Near side peak shape modification?

@ Can we see modification of the near-side peak ?

e Estimate A7n-independent effects (e.g. flow) by studying the long-range correlation
region (|An| > 1)

@ Remove from short-range region (|An| < 1)

a) Correlation 40<p <80-100<p  <200-0-10% b) n-gap subtracted
40« p"‘< 80 Trig Tamaoo

e 10< L3 T <20 3 . +
i Pb-Pb 2.76 TeV 0-10% g 6&0:_ va |
= o — 1Dl = 185
L 1l
‘8 " " FRELIW 24ARY T 12
- 1.0
gk s | 338
= +, +* -
= C + ° 0.6
seest o4t i
C o F 00
" % z 00
660F o ¥ Lt % = gi.
E oy » ?.g 15
655  t t, *ﬁ 1.
: ;
sao?'fg{.ﬁ f ¢
-l ll L Il L1 l%l lll l Ll Ill
-1 0 1 2 4
Ag(rad)
Dong Jo ,Kim_ (JYFL/HIP Particle Correlation Results from ALICE at LHC 20
LLi=CLS gmw&muul SO ukuba 12/06%6/ g



Near side peak shape
evolutions

0-10% 60-70%

2GeVic < Prug € 3GeVic 2GeVie < Proe € 3 GaVic

1CeVic = P < 2GCeVie : 1 1GeVic < Prne < 2GCeVic %
PbPb 2.76 TeV 0-10% PoPb2.7¢ TeV €0.70% ALICE

¥l<0.9 I PRELIMINGRY Inl <0.9 - % PRELININARY
. 05

04-

03

0.2

0.1

0.0
15

1 g dN,,.../dindvo (1irad.)

UN,, dN,,, idAndAe (1irad.)

N
MV
Vm:%’
£ 3

"y
Q Q
VvV
N «

\I:\o \r 3“ A

lon Cafe, T. Chujo (Univ. of Tsukuba

pp
>
2Guvic < Prog 3 GoVie
1GeVic < P 2 GeVic
pp 2.76 TeV
Fl<09
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Characterize the near-side jet shape

Quantification with rms ( = o) and excess kurtosis K

o K = pg/pu2? - 3 (i, nth moment) , measure of the peakedness
o Laplace: K=3, Gaussian: 0, semi-circle: -1, uniform -1.2

rms determined with two independent methods: fitting and projections

Near-side peak fitted with 2x2D Gaussians

4 shape parameters: oan,0as, Kan, Kag

4 GeVic < Prog < 8 GeVic
1GeVic<p, <2GeVie
Tanses

» ' Pb-Pb 2.76 TaV 0-10%
™. ALICE ' <09

PRELIMINARY
\\

IdAndAg (1irad.)

¥3ndf = 1387.
x?Indf = 5306

 one, /dANdA (1irad))
e, [A0dA (1irad.)

= S
2.8

Figure: Left:Data Middle:Fit Right:Residual

Dong Jo ,Kim (JYFL/HIP)

deavy lon Cafe, T. Chujo

Particle Correlation Results from ALICE at LHC

12 /20
12/06/16




Near Side Peak, o (ﬁt)

° 2<p <«3- 1<p <2 GeVic . 2<pu¢3-l<pu¢2 Gevic
HD-PD"I_-270‘V
pp 5=276 BV 3 4-2 3 GeVic
<09 RLICE . 4 ‘“u‘ ‘pu<
PRELIMINARY

I ”
mpn[r-znwv W
pp (5=276 &V 3 4-2 3 GeVic
PP 5= ALICE | » 3<Py<4-2<p,<
i PRELLMINARY

° 4<pu<8-2<pu<3 Gevic ° l<pu<0-2<pu<3 Gevic

LI L LI LI.I.I

[LILILLI L1

Fy
= == -
——

=

&

| R U N N N N N O O O | | I 0 O O I O | LTI

o L1111

o

Figure: Near side peak width

* No significant centrality dep. of 0 ,,.

¢ Significant increase of g, towards central collisions.

¢ Smooth continuation from peripheral to pp.
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Near Side Peak, kurtosis

. 2<pu<3-l<pu<2 Gevic - % . 2<pu<3-l<pu<2 Gevic
PO-PD (5= 376 eV W

4 3<p <4-2<p <3 GeVic | pp {5276, ALICE s 3<p <8-2<p_ <3 GeVic
nl < 0.8 PRELIMINAST

Kurtosis Ag

° ‘¢pu<8-2¢pu<3 Gevic ° l<pu<0-2<pu<3 Gevic

o,
o,
S

=
I

LLLILL L1 IINANENENENENAANEEEENEN]

(a) kurtosis A¢ (b) kurtosis An

Figure: Near side, Peakness

¢ Clear p; dependence: increase with p-.

¢+ Centrality dependence: decreases from pp to
- peripheral, central collisions.

Heavy lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/16




Closer look at low py ;s

2GeVic < Prug < 3 GeVic
1GeVic<p <2GeVic

Pb-Pb 2.76 TeV 0-10%
il < 0.9

dssoC

/dAn
o
o

Scale uncertainty: 20%
Ay projection in |An| < 0.80
An projection in [Ap| < 0.87

dN

e
'S

ALICE

SNNES. . PRELIMINARY
AN

e
w

II4|.-,l| |—L

) / h\\ \\
«: ’ 0“ \‘\ \?,
\’AW“‘

ig ANassoc/dANdAQ (1/rad.)

=}
-

1N, dN,,,../dAg (1irad.),
o
N

11 GeVic < p' <2 GeVic
Pb-Pb 2.76 TeV 0-10%

b
.

—
-
—
-
—
-
—
-
—
—_
-
—
—
-
-
-
-
RN

oo/

0

0.5

.
.ﬂ
W,

Ao (rad.) , An

(a) m — gap subtracted (b) An, A¢ projection

Figure: 2 < pT trigg <3 ® 1 < pT,assoc < 2, 0-10% centrality

@ The lowest pr bin shows a structure with a flat top in Ap

Dong Jo ,Kim (JYFL/HIP) Particle Correlation Results from ALICE at LHC
: . OT IS 12/06/16




p/n ratio in Bulk and Jet region

;‘o Trigger particle ( charged hadrons ) 5 < pr tige < 10 GeV/c

@ Associated particles ( 7 or proton ) 1.5 < pr ass0c < 4.5 GeV/c

e Combined particle identification with specific energy loss in the TPC and time of flight
in the TOF

o Bulk region (—0.52 < A¢ < 0.52 rad, £0.60 < An < £1.50)

e Peak region(—0.52 < A¢ < 0.52 rad, —0.4 < An < 0.4)

Pb-Pb, \'s,, = 2.76TeV, 0-10% central
% Pb-Pb, Vs,,, =2.76TeV == Peak * 25< P, < 3.0 GeV/c, n| < 0.8
ALICE
ALICE 0-10% central == Bulk | PERFORMANCE Data

rarobene 2 0<p. < 2.5GeVic, In| < 0.8 May 21, 2012
My 2F', 2012 T e Bulk Il

g 1.5 2800

—_

= 8 1400

1200
2700

—
o
o
o

tror - <tror>x (PS)
o

:

lIllIllIIlI

4
A¢ (rad)

dE/dx - <dE/dx>_ (a.u.)

Particle Correlation Results frc 17 /20

12/06/16




p/n ratio in Bulk region

Pb-Pb, \s,,, = 2.76TeV, 0-10% central

¢
- ALICE

2 rEMEINARY
- 5.0< Pluig < 10.0 GeV/c

e

0¢+

- Bulk Ratio (-0.52 <44 < 0.52,20.6 <Ay <=1.5)

——&—— Inclusive (Feed Down Corr.), ly| < 0.5, 0-5%

0.6

04

0.2

%

lllllllllllIlllllllllllllllllllllll

1.5 2 25 3 35 4 45
p (GeV/c)
T.assoc

0

—

¢ Comparison with feed-down corrected p/p ratio, from
inclusive spectra (0-5%) (QM2010 prel.).

¢ Good agreement with “Bulk” and inclusive.
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p/n ratio in Bulk and Jet region

Pb-Pb, \'s, = 2.76TeV, 0-10% central

- - Bulk Ratio (-0.52 <44 < 0.52,20.6 < An <=1.5)
. ) [
I~ A [

- Peak - Bulk Ratio (-0.52 <A¢ < 0.52, 0.4 <An < 0.4)

(P+P)/(*+x7)

- ALICE
< FROVIMINRRY Pythia (Peak - Bulk Ratio)

[ 5.0< Py < 10-0 GeVie

e

lllIIIllllIIIIllllIIIllllIIlllllllll

1 1.5 2 25 3 35 4 45
p (GeV/c)
T.assoc

p/m in bulk is much larger than that in jet region.
p/min jet region is similar as that from PYTHIA (6.4).

No indication of medium modification of the particles of jets in the

~intermediate p; region.
Heavy lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/16




6. Jets

Single jet, di-jets, y-jet
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6.1 Single jet

(ALICE, ATLAS)
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Jet trigger in 2.76 TeV Pb+Pb in ALICE

Efficiency
-

S
®

L

10 15 20 25 30 35 40
Jet patch FEE energy (Gev)

L1 jet trigger

Jet energy with EMCal +
TPC tracking




Jet spectrain p+p 2.76 TeV
(ALICE, charged + neutral jets)

Inclusive jet cross-section in pp Vs = 2.76 TeV (R=0.4)

3

IIIIl|_|,|_I IIIl|_|_|,|,| lIIIII|_|I Ly

[ I I I
anti-k,, R=0.4
—=— ALICE pp /s =2.76TeV: L, =11 nb”

= [[] Correlated systematic uncertainty

EE Uncorrelated systematic uncertainty

==
==

S T

10

E
10° =
E

Green and magenta bands: NLO on
Parton level

s
g
2
E
T
o
)
%

NLO (N. Armesto) Blue band: NLO + hadronization

[ NLO (G. Soye)

I NLO + Hadronization (G. Soyez) . . .
—se— PYTHIAS: points displaced horizontally for visibility Red pou_n s Pythla& Shlfted
e horizontally for visibility

{Model,data}/Data
OOOO —mmo g
Nje:-aaea..y-ncaeo 2

00 120
[ (GeV/c)

Good agreement between data and NLO calculations as well as Pythia8
prediction within both experimental and theoretical uncertainties

Rongrong Ma, Hard Probes, Cagliari, Italy 1 1
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Pb-Pb jet spectrum (charged)

R=0.2 R=0.3

Pb-Pb “SNNIZ.?G TeV Pb-Pb s =2.76 TeV

Centrality Centrality
.%% ® 0-10% .%% ® 0-10%
ALICE = 10-30% ALICE = 10-30%
PRELIMINARY PRELIMINARY

A 30-50% 4 30-50%

¥ 50-80% ¥ 50-80%

—
o
S

rrrrn

dn (GeVic)
/dn (GeV/c)'

T

T llllllll

T

o
&

A

o
&

Charged Jets
Anti-k, R =0.2

p™* > 0.15 GeVlc
="

Charged Jets
Anti-k, R=0.3
p:’“" > 0.15 GeVic

1 IIIIIIII
1 llllllll

1 Illlllll
T lllll"l

B == o=

aaEmm % anEm %
[ ] correlated error [ ] correlated error

- shape uncertainty - shape uncertainty

0-10 llIIIlllllllIllllll|ll|lIllIlllllllllllllllllllll <10 IllllllllllllIlllllllllIlllllllllllllllllllllllll

10 20 30 40 50 60 70 80 90 100 110 10 20 30 40 50 60 70 80 90 100 110

P, (GeV/c) P, (GeV/c)

Jet spectra have been measured for 2 cone radii and 4 centrality bins
Jeavy lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/16
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Jet (charged) R,

R=0.2 R=0.3

Po-Pb lﬁ'?.?ﬁ TeV

a
e (0-10%)/(50-80%) [[] correlated error (@)
= (10-30%)/(50-80%) - shape uncertainty m
a4 (30-50%)/(50-80%) vy,

Charged Jets L

Anti-k, R=0.2 ALICE

p"'" >10.15 GeVic PRELIMINARY
1

PBPb {5,,=2.76 TeV

e (0-10%)/(50-80%) [[] corretated error
= (10-30%)/(50-80%) - shape uncertainty
4 (30-50%)/(50-80%) vz,

Charged Jsts N/

Anti-k, R=0.3 ALICE

piack >|°. 15 GeVic PRELIMINARY
1

10

T TTTTT
T TTTTT

P, (é’eV/c;o

¢ Observed jet suppression for central collisions.

¢+ Weak p; dependence.

* R, ~ 0.5 for central, close to unity for peripheral.
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Jet (charged) Run

R=0.2 R=0.3

Pb-Pb |s,,=2.76 TeV Pb-Pb |s,,,=2.76 TeV

[ correlated error
[ shape uncertainty

[ correlated error

Centrality [ shape uncertainty

Centrality

L TS - : 1
- Y 50-80%  ALICE - ¥ 50-80% Pk

CEEEY

* 0-10% . o 0-10% 3}%

PRELININARY

Charged Jets Charged Jets

Anti-k‘ R=0.2 Antl- R=0.3
p:"‘" > 0.15 GeV/c '"‘" > 0 15 GeVic
107

-1
lllllllllllllllllllllllllllllllllllllllllllllllll 10 Ll lllllllllllllllllll llllllllllllllllllllllll

10 20 30 40 50 60 70 80 90 1000 110 10 20 30 40 50 60 70 80 90 100 11C

P, (GeV/c) P, (GeVi/c)

¢ Large jet suppression for central.

* Note that using PYTHIA for p+p reference.
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Model Comparison
Jet R,,: ALICE vs JEWEL

ALICE

© ©
£ < i Pb-Pb |'s,=2.76 TeV £ < i Pb-Pb {'s,=2.76 TeV
&0: A\ Centrality 0-10% ‘Ln: . Centrality 0-10%
I [[®7] ALICE Charged Jet I [[®7] ALICE Charged Jet
[ meuinanary A PYTHIA+JEWEL [ emeuinaary A PYTHIA+JEWEL
i Charged Jets I Charged Jets
Anti-k, R = 0.2 Anti-k, R=0.3
p:"“‘ > 0.15 GeVic p:’““ > 0.15 GeVic
10-'_lllllllllIlllllllllllllllllllllllllllll 10.'_llllIllllIlllllllllllllllllllllllllllll
30 40 50 60 70 80 90 100 110 30 40 50 60 70 80 90 100 110
p. (GeV/c) P, (GeV/c)
JEWEL repréd uces

— Hadron R,, (Zapp, Krauss Wiedemann arXiv:1111.6838)
— Charged jet R,, for R=0.2 and R=0.3

JEWEL jet results: private communication
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Ratio of jet cross section
R=0.2 / R=0.3 (Pb-Pb)

2
Pb-Pb /s, =2.76 TeV ® PbPb 0-10%
% ¥ PbPb 50-80%
& ia
ALICE Pyth

PRELIMINARY

18

16

14

1.2

“
o
[
o
N
o
[
o

1

0.8
—

—’—

06
Charged Jets

D correlated error Anti-k "

- shape uncertainty p:""" >0.15 GeVl/c
[N R N TR R T S SN AR T A TR TR S

P, (GeV/c)

Ratio R=0.2/R=0.3 consistent with vacuum jets
for peripheral and central collisions

04

IlIIIIIIlllllllllllll]lllllllllllllllll
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JetR_, (R=X/R=0.2) in

[
"~ Pb+Pb \(s,w ~276TeV 0-10%

|
P
S
= N
: F
o,

* =03
mR=04

Illl:llllllllllllllll

ATLAS Prehmmary
%20 50 60 70 100

p, [GeV]
¢ Upto200 GeV,in R=0.2,0.3, 0.4, 0.5

¢+ Consistent with ALICE results for R=0.3.

¢ (plotted oppositely for vertical axis .)
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CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520

| Lumi section: 249

Jet 1, pt: 70.0 GeV/|

Jet 0, pt: 205.1 GeV/|

6.2 Di-jets

(ATLAS, CMS)

ATLAS

Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET

lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/16




Ul

Céntrdlity 0-10% 3 Centrallty 10-20% Centrallty '20-30% ] i cMs ju. 351 pb” : JLe=a7ys’

E ATLAS Preliminary
S = 3 E;,> 100 GeV CJHUING+PYTHIA]
Pb+Pb Sy =2.76 TeV] E:; Lo cov < brapt bata

Ln=7ub"P R=04 3 o p+p Data

) dN/dA
w

evt'
Ninwbxu
o
N

1—*1 ——pp Vs=7.0 TeV —=—PbPb V5 =2.76 TeV |

= PYTHIA ) — PYTHIA+DATA

Antik,, R=0.5 | lterative Cone, R=0.5 |

(1N

Event Fraction
o

" Centrality 40-60%

Event Fraction

10-20% -

e urraed e S R R | i
0.2 04 0.6 08 1

1 1 L IR I Y L I | L
02 04 06708 02 04 06 08 02 04 06 08 A Ay=(py 7P, )P, Py )
J

ATLAS R=04 CMS R=0.5
o b Pri = Pro>
I

PritPro

Quantify jet energy imbalance by the asymmetry ratio.
Large asymmetry is seen in energy imbalance.
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Highlights on jets at QM2011 |

xtremely large energy loss on the away side jets.
5arge energy asymmetry in central Pb+Pb.

J

: I'L‘) e Centralty 0-10 %
L - . . . . 1.5 ATLAS Prsliminary
Jet RC ~ 0. 5 e [ Centrality 0-10%
4 p ATLAS Preliminary J
Pb+Pb \[syn =276 TeV' E e

x ¢ Conrality30-40%  ppaphy\f5, =276 TeV

L,=7ub’
R=04

) dN/dA
o e
l}) Lﬂ O) m o

(1/N
n

ittle modification of jet shape

;th near and away side.

oth transverse (j;) and longitudinal (FF). WL O;L+_+_4’i
o) broadenmg of jets. ‘

o -y
o . O;
T T

ost energy is used for the low p; bulk partlcle productlon at

rge angle!

o
2 0 Leading Jet
® Subleading Jet

In-Cone
AR<0.8 AR 0. 8 g

in-cone
out-of-cone
Vo

[c]Leading Jet

0 GeVic T » Subleading Jet| | |4
e E— E|

T arXiv:1102.1957 [nucl-ex]]

0051152.]21533544005115225335445

& = In(p;/p;™) & = In(p;"/p]*)




Differentiating in A,

Probing any effects of quenching on the hard
fragmentation...

Pr1

CMS, PbPb, ¥s = 2.76 TeV, L. =638 ub™

LA B B L B B N A B B B L B B N B B B
® PbPb 0-30% ]
—— PYTHIA+HYDJET

o
N
—
|
\
\
/
/

' 0-30% central
) ° Unbalanced

WLE Bl |, diets

Balanced
dijets

nt Fraction
J_I
L 2

EV//
rJ

lllllll..lllllll p
02 04 06 038 1 1,2

Ay = (pT,1-pT,2)/(p T,1+pT,2)

Pro —_—
More quenched subleading jet

Heavy lon Cafe, T. Chujo (Univ. of Tsukuba)
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PbPDb results in A, bins

0,

CMS, PPD, 5., = 276 TeV, L, = 6.8 b 0-30% central
g T T o e e T S P PSP P T PP S s proesprass rreyey
= antik, R=0.3) PF Jeis () Tracks in cone (AR < 0.3) (b) (c) o Leading jet (d) 3
wp b e, >1OOGeVlc p,,>40 GeVic pI**>4 GeVie - 1
g i
% 10k Centrality 0-30% ; :
Z:: - 0 - = Lo j
c [ =~ o, F g Tl : °ia
z il o
~ » |l. E .}‘. ¥ 9 3
-~ : - I ]
0.13<A<024 || .024<A<035| | Ap035 | |
Terr ”_ l"lll'llll"'llll'llll']lll'l"'ll"ll[l 'I""I"'Ill'I'Il"Il"'lllll'llll'l”"l””I'['l['l'II'I'II'II"III"'i"'II"IIl'll'llllllll"lll
n =+ (9) 1 (h) ]

Leading Jet
® Subleading Jet

O 05 1 5 2 55 3354 45 05 116225355445 051152553 36445 051152263 36445

& =1In(1/z) £ =1In(1/z) & =1In(1/z) & =In(1/2) plrack |

Structure of reconstructed jets resemble those that were produced in

vacuum, despite the energy loss ,
arXiv:1205.5872
Heavy lon Cafe, T. Chujo (Univ. of Tsukuba)

a Yetkin Yilmaz (MIT) Dijets in CMS 12/06/16 O




Results from 2011 data

- e PbPbVs, =276TeV Antik_ (PFlow), R=0.3 -

ILdt =150 b T p;, > 120 GeVic
P2 > 30 GeVic

ab,, > _‘

CMS

o ppys=276TeV

c
(@]

% | -1

8 5 'jﬁ:-"jf I Ldt=231nb ]
u- "' 4 | P ]
e RE % # “<: PYTHIA+HYDJET .
< 277 ]
S ]
> C B
w

o
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o o

(47 -
T

70-100%

rF ' l 4 3 ' I 7 .‘. / / ‘.‘. i' '... "‘ "; l'.l’ﬁ‘ 1 l 1 1 ' I
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w
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@
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R R

0.055777 7777

................

Ty e 5 \Y“
; Ak B 01 00/0 .
1 1 L 4 & h Lo I'

* e 10-20%

P AVl O R | «"-;j:'l-n‘ &l 1

B T Y By S R 7 R Y Sy Ty
A,= (o, b )b, *p,)  Phys. Lett. BT12 (2012) 176

Earlier results confirmed
Statistical uncertainties significantly reduced

Heavy lon Cafe, T. Chujo (Univ. of Tsukuba)
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pr-dependence of the dijet imbalance

e L
L 1 P, > 30 GeVic 1 Centrality 0-20%
- C e PbPb {5, =276 TeV 1 27 1
o I . 1 a0, > 5% [
£ 03F = PYTHIA+HYDJET I T ]
S i 120 < P, < 150 GeVic 150 < P, <180 GeVic | 180 < P, <220 GeVic |
= 0.2~ ' 7 T - T ' A
o A, 7 5 A
> - A Y%
W o1k a o« 070
S A e A
N T 1 ' LI T L l. L I [ ' T T ] T |
04L 220 < P, < 260 GeVic T 300 < Py, < 500 GeVic |
S [ — . roro 1 1 Energy loss
= 03 } —+ -+ .
& [ > (/o) PYTHAPHYDIET | 1 exists at
L PR | ! - I
= 02F t + alljetpy!
7] i 1
0.1+ V7 .
. e, ey
0 L. ’ Ly Vit i L 1~:1:~:'1:':'l' g b
0 02 04 06 02 04 06 08 1

pT.zlpT.A Cncssanasnnsd
(new variable)uUnbalanced  Balanced

Dijets in PbPb are more imbalanced than Pythia at
all bins of leading jet py Phys. Lett. BT12 (2012) 176
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a Yetkin Yilmaz (MIT) Dijets in CMS 12/06/161 2 |




pr-dependence of the dijet imbalance

Reference and pp already have an increasing trend
/ Differences in initial state, different jet resolution

_l L LA IL L R 'J Yy vrvvv e T 1 I 1 1 1 I L ] L | LI I T LI ] LI | L | L | L | l—
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L O O o . M 0 — _
ok O ’* ) g 0o _ -~ + 0 —_ —
ot IR S I
o 20— ~—"9 . = _ » B -
D_"' 0.6_— e me®s - 7]
-~ - o PbPbvs_ =276 TeV.ILdt= 150 b’ oo
0 5:_0 pp VS = 2.76 Tev._[Ldt= 231nb’ Pr,> 33 GeVle __ ;
= Ad >&n -+ -
(I
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b, (GeVic) hys. Lett. BT12 (2012) 176
[ No significant dependence on jet p

E Yetkin Yilmaz (MIT) Dijets in CMS 12/06/161 3
3




v Quark Jet
v Small Xsection

v Experimentally
challenging
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y-Jet Angular Correlations (CMS)

Submitted to PLB arXiv:1205. 020

AT
ol
o

L e Popobaa & e e Ep>60 Gevic i <1.44
| ZZ3 PYTHIA + HYDJET \Syy=2.76 TeV Pr N
| m  ppData ) pr'e>30 GeV/c Inl < 1.6
| JLdt=150ub 4
;9 10'F 7
6 o/ - o, o/ . o, L o/ - o,
® 50% - 100% 30% - 50% /ﬁ?i 10% - 30%
= S + ,
T 2 s »
Sop b ’
| 7 00000 /
| / 70 N
A L ] YA A d !
0 i Zn 0 I Zn 0 I Zn 0
¢ Ad Ad
Jy Jy g !
(O Y e ,:'
045 (@) e PbPbData 3
: O PYTHIA+HYDJET -
041 m pp Data E
0.35 - O PYTHIA =
: . : ~ 035 =
No significant angular de-correlation ] ¢ ;
A
is observed for y-jet pairs o15C Py>800eVie i<t 2
0,12_ P> 30GeVic [ <1.6 _
0.051 =
o ) T T R
0 100 200 300
Npart
Heavy lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/§6 ||




y-Jet Momentum Balance (CMS)

Submitted to PLB, arXiv:1205.0206

rrrrr[rrrrrrrryrrro| o117

m pp Data ® PbPb Data P > 60 GeV/c Inl <1.44 \'S\=2.76 TeV CMS
oF + FZ3 PYTHIA + HYDJET _::_pTJet>-3o GeViclnl<1.6 +
I I 7 I
- ) A I
X 50% - 100% 1 o 30% - 50% I 10% - 30% I
© g = , il I [
4= 0 s T T
ot W 1 v Z
77 7777% g 7 N P
0 PR IS S T T | PR I M * PRI | I PLE P | PR PR R 1
0.5 1Jt 71.5 0.5 1Jt Y1.5 0.5 1Jt Y1.5
Xy = pTe /pT Xy = pTe /pT Xpy = pTe /pT

f ¢+ Momentum ratio shifts/decreases with centrality ~
¢ jets shifting below the 30 GeV p;threshold not included |

Py’ > 60 GeV/c Inl < 1.44
plet> 30 GeV/c Inl < 1.6

Heav lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/16



0.65

- [ 7T .
- (a) . \ 8, =2.76 TeV CMS—;
A0, > g™ o
= j L dt =150 ub E
- g e
| ¢ 1
g | P TR NN T T TR SN NN TR SRS ST T AN S SR g
0 100 200 300 40C
Npart

1

0.9

0.8

0.7

0.6

0.5

y-Fraction with > 30 GeV jet: R,

L A L
- (b) CMS -
“A0 >ZLg ® PbPbData -
- "W 8 o PYTHIA + HYDJET :
B m pp Data i
- O PYTHIA E
3
:I AR T R T T NN S T NN SO T T N A N .:
0 100 200 300 400
Npart

vificant deviation of (x,) in PbPb compared to PYTHIA + HYDJET

centrality dependence is mostly visible in R,
t p; shifting below the 30 GeV threshold

p’ > 60 GeV/c Inl < 1.44
pr’et>30 GeV/cInl < 1.6
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Heavy Quark Energy Loss
in Medium

Heavy Quark Energy Loss in Medium

Radiative ene loss via gluon radiation

Color charge dependence of energy loss
gluon radiation spectrum by the parton propagation in the medium:
Il
w;— o< o0, Cp f (@) Rom: RPaa/RMaa
[0)

Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027.

m, = 4.8 GV

0:23 ! " Pb-Pb 0-10%, ey = 5.5 TeV
5 color charge?
2048 effect

15 X

where Cp=3 forg, % forgq

Dead Cone Effect

¢ In vacuum, gluon radiation is suppressed at
angles smaller than Ma/Eq (ratio of the quark
mass to its energy)

¢ In medium, dead cone implies lower energy loss

for massive partons
(Dokshitzer and Kharzeev, PLB 519 (2001) 199))

T D B _ 1 dN,, !dp,
- RAA < RAA <RAA RM(pr)_<TM>xdo'"/dpr

mass

1
0.5
0

T T T T T T T T

Elastic energy loss is not negligible? Collisional dissociation probability of

Simon Wicks, William Horowitz, Magdalena Djordjevic, Miklos Gyulassy, heavy mesons in the QGP?
NuCLPHYS.ATOAA26-402,2007 1 Vitev, A Adil and H van Hees, J. Phys. G: Nucl. Part. Phys. 34 (2007) S769-S773

Proton-proton collisions: provide important test of pQCD in a new energy domain and heavy ion reference
persi 31 May 2012, Hard Probes 12/06/16




Mid rapidity:

» Hadronic decays of charm
hadrons:
D0 — KTt D* — DOt
D*—> K Nt — pK T, pK B
Dt— KK '

» Semi-electronic decays of
charm and beauty hadrons
Hc,b —e+X

Forward rapidity:

« Semi-muonic decays of
charm and beauty hadrons

H,—n+X
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D meson R,, (]y| < 0.5)

arXiv:1203.2160

I e L LI I B B AR L L L B B
mp" |O'20°/o| |40'80°/o| ALICE

AD” Centrality 0-20% Centrality 40-80%

ep’+
ly|<0.5 Pb-Pb, s, = 2.76 TeV

N

I
1
1

Raa prompt D
5 5 B B

lllllllllﬁllll‘llllllllllll

llllllllllllllllllllllllllIllllllll

Ll

—llllllllllllllllllIIlIIIlIlIlIIIlll

8 8 10 12 14 18
pt(GeV/c)

R+ DO, D, D* compatible

¢ Strong suppression in central collisions
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ALICE
0-20% centrality
Pb-Pb\s,, =2.76 TeV

4 e Average D°, D, D™, |y|<0.5
Charged hadrons « Charged hadrons, In/<0.8

- . ' » CMS non-prompt Jiy, |y|<2.4
|dentified pions _ - 7, m|<0.8 (Preliminary)

D mesons (charm)

B — J/p (beauty) CMS
arXiv:1201.5069

'lllllll'l

——

Illllll

14 16 18
P, (GeVic)

—

Charm and beauty: no evidence of mass effects yet (dead cone)

Pions, charm, beauty R,,: hit of a hierarchy?
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R,, ratio (D/r°)
s

:l | ] | I 5] LY T I 1T I 1T ] 17
- Pb-Pb,\[S5=2.76 TeV" — — Rad (Vitev) IL] e
sFe iy 2%\ 3 To compare charm mesons

CA D°D',D", |y|<0.5 Aad + dsoc Vvl and pions — ratioof R, .'s
~Average D",D",D ", |y|<0.5 -
- from arXiv:1203.2160v1 WHDG rad--coll (Horowitz)- P AA

\\ ——— AdS/CFT Drag (Horowitz)

- Charged pigns, nl<0.8 With the current uncertainties:

[

Nmuemin GLJET1.0 (Buzzatti)

%

T~ ALICE

T PREARINRY

e Hintof R>1
e Color charge effect?

Measurements are not yet
conclusive — in reach for
ALICE ! More precision |

Illllllll:llllllllllllllllllllllll[I
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<
<

in 30-50% centrality e D meson compared to charged
hadrons

N

LIRS L LA L LN BLANLANL AN LA N L N L

&s Pb-Pb  ysy=2.76 Te
wbiCE, Centrality 30-50%

1

Pb—Pb m.z 76 Te
Centrality 30-50%

g
n

g:o
?n
’m

Vv, (prompt D)
o
[5)

mwr

e D°-EP2A6bins

[] syst. from data
I Syst. from B feed-down

T

L=

Illll lwllllllll
. *
===

=
pant

¢+ Charged hadrons, EP, |An|>2.0
e D’ EP2A¢bins Emply b syst. from data
+ D', EP2A¢bins Filed box aysl frotheed—down_

v e b by by b by Ly Ly PRI BN SR SRR S SNSRI N UNS ' .

|
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16 18
P, (GeV/c) P, (GeVic)

e Indication for non zero D meson v, (30in 2 <p, <6 GeV/c)
« Hint of centrality dependence: D° v, flow larger in less central collisions
o Comparable with charged hadrons elliptic flow
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S Masciocchi@gsi.de ALICE Heavy flavours, HP2012 31
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T/Te 1/(r) [fm?]

2 |- | xas)
%(1P)
J/(18) Y'(25)

%(2P) Y'(35)
w(P) W (2s)

A. Mocsy

Eur.Phys.).C61,2009
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JIP Ry, vs. centrality

1.4
ALICE Preliminary, Pb-Pb |5, =276 TaV. L =70 ub” 5 N ALICE Prelimi PO-Pb VB =276 TeV.L = 1.7 ub”
Inclusive W y, 2.5<y<4, 0<p <8 GeVic global sys.= + 1% m = % iminary. Vo = 270 TeV L = 1.7

ALICE v i 294" 1.2 alice
| JALICE ALICE (arXiv 1202 1383). PbPb 5, =276 TeV. L =28 ub - ALICE o Incusiva 'y, <09, p 0 dobalsya= +20%

[ Inclusive Wy, 2.5<y<4, O<p <8 GeVic global sys= + 8% L ’

' "l 1

0.4

0.2;:-
- Mid rapidity

of Forward rapidity e o - <06 .
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350N 400
part oart

P | l

0

Clear J/Y suppression at forward rapidity.
— almost no centrality dependence above Npa,t ~ 100.

At mid rapidity, similar pattern but but large uncertainties prevent a firm conclusion.

ALICE inclusive J/w — pu- Ry %% =0.497 £ 0.006 (stat.) £ 0.078 (sys.)
— good agreement with 2010 results: R,,%%% = 0.545 £ 0.032 (stat.) £ 0.084 (sys.)

ALICE inclusive J/y — e*e” R,,%%% =0.66 + 0.10 (stat.) £ 0.24 (sys.)

hristophe.Suire@ipno.in2p3.fr . . arkoni tion in ALIC Hard Probes, 27 May -1 1
obvistonhe SASSRLHZF o (Univ. of Tsulcuba) OH2romem Producton n ALICE obes. 27 May 1 e 12




JIP Ry, vs. centrality

ALICE p, > 0 PHENIX p, > 0 ALICE/CMS high p,
14 - ; 14 14 .
é ALICE Prefiminary, Pb-Po ys, = 276 TaV. L= 70ty PHENX [PRC B42011) 054812) AAuyfs . = 0.2 TeV ALICE Preiminary, FO-PO 5 =276 TaV. L = 70 o’
@ | @ W Inchshe Jiy, 20<pcs, Ocp <8 GeVic  global sys.= & 14% o e I f % W ek Ay, 250y<h, Sep A Gl gpebd ayn s + 16
1.2] JBLICE ALICE Praminary, Pb-Po f&_ = 2.76 TaV, L = 1.7 " 1.2 | Ot v MORMRroGE g 1.2] VALICE CM3 (JHEP 1206 (2012} 083), Po-Po &, = 276 TaV, L= 7.3,5
[ nchstve Jiy. [yl<0 8, p >0 Govic global sys T4 26% 8 ndusive Jy. 1.2<<22, p >0 GeVio Slotel ays = £ 82% [ nehisive A, [y1<24, 855 <30 Gevle  glotl sya = = 6%
% T \
oe}"+ ‘ | o.ef:‘ ‘. 0.8
06 ‘ 06} 1 .il'-¢ i | 06 & §
-------I- ------ l-- ---- - .- ---q----‘ ----------- e
0.4 B ol P L & 0.4 oot
4 as 0o L. "
[ - & + 1 i
cehdnnccnccccnnccnnnccsnccanssanncnnncsnn te@ R rrn e T, Q,...?...‘-.....oz. ......................................
+ ALCE commae gty sp ans ' !
00 50 100 150 200 250 300 350N 400 00 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
part part part

At low-pt, ALICE R,, 2 0.5, no centrality dependence

— behavior clearly different to the one observed in PHENIX where a larger
suppression and a strong centrality dependence is seen
At high-p,, larger suppression seen both by ALICE and CMS

— behavior is similar to the one observed at low energy

Indication that the suppression is p, dependent

Christophe.siIRBB85hS3 % T- Chujo (Univ. of Tsukubayyarkonium production in ALICE Hard Probes, 27 May’/%Cilfe 2012



ALICE Preliminary, Pb-Pb ys, = 2.76 TeV, L = 70 ub"

W Inclusive Jiy, contrality 0%-90%, 2.5<y<4 global sys.= + 7% <4 ALICE inclusive J/l,].l — M+M- at

CMS (JHEP 1205 (2012) 063), Pb-Pb\s,, = 276 TeV. L= 7.3 ub"

ALICE @ Inclusive Jiv, contrality 0%-100%, 1.6<|y]<24  global sys.= + 8.3% forward rapidity.

[ PreumINARY PHENIX (PRC 84(2011) 054912), Au-Au5,,, = 0.2 TeV

Inclusive Jiy, centrality 0%-20%, 1.2<ly<2.2  global sys.= + 10% RAA ~ 0.6 at low-pt down to RAA~
0.35 at high-p,. Suppression

; increases with increasing p,.
0.6

i

: -
020 & &
N TR TN TR  TRT <« PHENIX measured larger
o 1 2 3 4 5 6 7 8 9 10 |suppression at low-p, (0-20%

p, (GeVic) central, 1.2<|y|<2.2)

@
é " ; <« Agreement with CMS data at
. * high-p, (1.6<|y|<2.4) .

Christophe.Suire@ipno.in2p3.fr Quarkonium production in ALICE Hard Probes, 27 May — 1 June 2012 ‘
; 12/06/16




ALICE Preliminary, Pb-Pb |5, = 2.76 TeV, L = 70 ub™' . .
. om0t i, oacave sosawsrss| | € Inclusive J/y measured in
- ALICE ALICE Preliminary, Pb-Pb {5, = 276 TeV, L= 1.7 b ALICE at both mid and forward
- Inclusive Jy, cantrality 0%-80%, lyl<0.9 rapid |ty .

R,, decrease of 40% from y=2.5
to y=4.

0_6; Possible flat dependence toward
' mid rapidity.

0.4 Shadowing in Pb-Pb |5, = 2.76 TeV

0ol SRR FEOpEE) R0 <4 Suppression beyond the
i [0S0 shodewing ( Femto & 1) 270 current estimate of shadowing at
ALICE common glob. sys, = + 4 %

lllllllllllllllllllllllllllllllllllllllll fOMardrapidity.
0O 05 1 15 2 25 3 35 4

y

1 1

%5

— importance to measure cold
nuclear matter effects.

Hard Probes, 27 Mayrz’dlgm2m2



Jp v, (20-60%)

~ 0.3¢
J/V v, as a function pt for > : [ Centralty 20%60%
> 0.25F LIS) W AUCERbPo \oy=278Tov 25y <4
20%‘600/0 mOSt Centra| pb'pb % ' - — P Zhuang et al., B thermalized &wnlhshadEKSQSdr dyl -038mb
Co|||s|ons C HLICE ..... P. Znuang et al., B not thermalized & with shad EKS98d o dyl ape = 0-38mb
0.2F preLiMINgRY |
L parton transport mode! prediction: private communications |
0.15F I
Clear hint of non-zero J/W v, 0 i I
. AE I
at intermediate p, (2-4 " I
GeV/c): significance = 2.2 ¢ 0.05F l
o 0: oV PP PP PPN ot 1- -1 ATRPURRITN ¢ § FEROTORORRRRROPOR H
Model prediction for v, shown - |
here succeeds well at -0.05 |
reproducing J/ly R, , 0.4 l
o ~ 2% relalive sysl. error from 6, correction l
_015'1111|1|11||||||11||l|||1|||||||||||111|[1|||l|1|| ::
0 1 2 3 4 5 6 7 8 9 10

p, (GeVic)

: Christophe. é'§ qlamu&??efr.r. Chuio (Univ. of Tsukub arkonium production in ALICE Hard Probes, 27 May — 'H’Bg/?gu ”
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Higher Y States Suppression
(CMS, early results)

ngher excited states: melt earlier (expectation)

L L L L L L L L

% 8ol . B S SRR RS LR UL U R RARES
%J ¢ dala CM\}S_P_rezll?énTar:// ] S o+ da cMs Prellmlnary E
O o M PP Ns =270 e = & L — popbft | PbPb /sy =2.76 TeV
= r 0.0<lyl<24 ] < [ - ppshape [l 0-100% 00<|yj<24 ] CMS /|
© 60[p! >4 GeVic 0<p, <20 GeVic = o 50_—p,. > 4 GeVic 0<p. <20 GeVic = i
> F L= 2251 nb’ . I [T ! B ]
2 E s I L, =7.28 b 1
e "} Pp 92 MeV/c? (fixed to MC) § “F E
o F o =92 MeV/c” (fixed to 1 > | = 92 MeV/c® (fixed to MC) ]
g o-s2uevc medon®) 1 MG PAGHIN-10-006
i PbPb CMS-PAS-HIN-11-007

* * CMS (S. Chatrchyan et

- "o L al.)
25 Uy s */r
SOOI Ut = “W arXiv:1105.4894 [nucl-ex]
Mmooz 13 1 T e e 1 12 13 14

my,, (GeVic?) m,, (GeV/c?) (2011) I
Y(25+38)/Y(1S)|,, =0.78515£0.02  Y(25+38)/Y(1S)| 5,5, = 0.240% £0.02 H
Y(2S +38)/YAS)| 031 40,03 ;:
= 0.15 — I
Y (28 +38)/Y(1S), ::

. Y(1s) suppressed by 0.6 + 0.15 |
-fY(2s, 3s) further suppressed; 2.40 effect |

:Heav lon Cafe, T. Chujo (Univ. of Tsukuba 12/06/16 U



New resultson Y states

~ 800 TT 111
o~

@ First separate measurement, in HI collisions, of % Preliminary # CMS PbPb |fs,, =2.76 TeV

700
the relative suppression of Y(2S) and Y(3S) excited O ¢ dam Cent. 0-100%%. I <22

_q
S 600 L = 150ub
states wrt to the ground state = | p'>4Gevic

500

@Suppression pattern as expected in the sequential

melting scenario

llllllllllllllllllllllllllllllll

Y(3S)>Y(29)>Y(19)

@ No centrality dependence, within uncertainties,
of the [Y(2S)/Y(1S)]eors / [Y(2S)/Y(1S)]ee
0-100%:
(Y (25)/X(LS)]|Popo
[Y(25)/Y(15)]|pw

[Y(35)/Y(1LS)]|pore
[Y(35)/Y(15)]|pp

L 111 | L1111 I L1111 L1111 L1111
10 11
m,, (GeV/c?)

= 0.21 £0.07 £ 0.02 (5.40 signifficance)

< 0.1 (95%C.L.)

12;05i1i




Raa: Y (1S), Y (2S)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I

n:1,4— CMS Preliminary, PbPb {s, =2.76 TeV - |

+Y(18) L, = 150 ub"
*Y(2S) | < 2.4

1.2
B detailed centrality study

m) decrease of suppression from ~0.4 in 0-5% to
. 30-40%,
~1 1n 50-100% 0.8 40-50% 20-30%

50-100% +
+ 10-20% |
5-10% 0-5%

R

I NI | 1|||||||||* ||||| AEEEEE

100 150 200 250 300 350 40C
N

1

llllllllll

L

0.6
@ Raa Y(2S) 0.4

) first time measured in HI collisions 0.2
) more suppressed than the ground state and still
suppressed in 50-100% centrality bin

OO

part

0-100%
Raa|"(®) =0.53 £0.07 £0.07

Raa|T3S) = 0.13 + 0.04 +0.02




Ran (J/lP, Y(1S), Y(2S)) vs. centrality

IIIIIIIIIIIIIIIIIIIIIIIIIllllllllllllll

CMS Preliminary, PbPb |[s, =2.76 TeV
¢ Y(18),0<p/"™ <50 Gevrc
e Y(2S),0<p,® <50 GeVic
m Prompt Jiy, 6.5< p:"’ <30 GeVic

L'E1.4

1.2

IIIIIIIII

[
[l

lyl<24

193

0.8

llllll
| TR |

0-6 /T, 1/r) tfmt)

1

0.4

-IO-

Y(IS) 2[ |9

[ 4
%(1P)

* [t]
- [*] ‘n
0.2 + * 1/ 2wl 7/(15) Y'(25)

0:""I""|"ll|ll|1|||||I.+...]..+.|,,,, Y(zs)

0 50 100 150 200 250 300 350 400 % (2P) Y'(3S)
N %(1P)  w(2s)

A. Mocsy
Eur.Phys.).C61,2009

@ Suppression pattern in most central collisions, as expected from sequential melting

12/06/16
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KK
95 T ALICE, Po-Po.\E, = 276 Tev

il .\““‘ Curves: Hydro (arXiv:1105.3226)

oN/(dp, dy) (GeVic)

10. SUMMARY (1)

Period of rich harvest of LHC new data!

ALICE Preliminary
0-5% most central
I

0.5

-Complimentary Hl results by ALICE, ATLAS, CMS
= New understanding.

2< p" <2.5GeVic
15< p; <2GeVic
0.8 <An|<1.8

Low p; single particle spectra A R

\ A, .
3 A\ /§~ ad /*; Y o plt Plv Tk T Qv T

proton spectra: hydrodynamics cal. overestimates. e YIRS
p/x ratio: fail to reproduced by thermal model. ¥
Stronger baryon enhancement at LHC than RHIC?

particle ratio
3

== n° v, WHDG LHC
Extrapolation

2
Ad [rad]

Flow and higher harmonics
V,, V5 : M/s and initial conditions, quark number scaling.

non-zero v2 @ p; > 20 GeV, constraint to energy loss model
(path length dep )

P, (GeV/c)

N
o

— T ——TT T T
Central Pb-Pb, y=0, m= 2.76 TeV (preliminary)

C 0 Charged pions [ALICE]
— + Charged hadrons [ALICE]
o ——=—— Charged hadrons [CMS]
C ye D”*" mesons [ALICE]

¥ B-hadrons — J/¥ X [CMS]
——o—— |solated photons [CMS]
—&—— W boson [CMS]
——a8—— Zboson [CMS]

N

-t
(&)

~ High p; single particle spectra
same suppression for light hadrons (dip at pT ~ 6 GeV/c),
stronger than that at RHIC, rising at higher p; (< 100 GeV/c)

el R T
photon, Z, W boson: no suppression E “%W ey

1 2 3 4567 10 20 30

-
TTTTT

Raa suppression factor

o
&)
Ban

o b b b b |

o
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Summary (2)

‘4. Di-hadron correlations

’ |, Near side enhancement.
v indication of near side jet shape modification in 7.
¢ p/r ratio in jets is same as in the vacuum fragmentation.

5. Jet

* et Ry, ~05.

¢+ Dijet:large A, in all p; up to 200 GeV. No indication of modified FF.

¢ y-jet: calibrated jet energy by gamma, towards precise jet energy loss.

Heavy lon Cafe, T. Chujo (Univ. of Tsukuba

2G'VIc<p‘m<3GOV/c
1GeVic<p, <2GeVic
ALICE | Pb-Pb276TeV 0-10%
PRELIMINARY

g 0-42— ‘ Pb-Pb  Sy=2.76 Tev%
0»3;..‘?.‘#.95., Centrality 30-50% 3
6. Heavy Flavor / ;
A k 0.1F . _;
¢ D meson suppression observed, R, (D) > R,4 (), hint of color ¥ E
charged effect o 3
E + gt1a:ged hadfons. EP, An[>2.0 :
0.2 * '.EPZAob!ns Ermply bo: syst from data. —]
¢ non-zero v2 of D mesons. S BOpTTTT o DEpRanne | ook
§ C Preliminary CMS PbPb m =276TeV 7 0 2 4 6 8 10 12 14 (1(658\//13
3 '3700:_ o data Cent 0-100%, Iyl <24 1 P i
b, e S 600b-— PbPbfit Ly = 150 ub™ 3 i
/X Quarkonla 56005 ------ pp shape |3 p'T'>AGeV/c ] Eté 1'4_ ALICE Praliminary, Pb-Pb 5, =276 TV, L vm:m‘
i goot ; 12 KT e pevo s
¢ JW Ry, vs. pT, y, centrality. B rof. E R I
¢ non-zero v2 of Jh. a0of- h E O,B;H
. X . g W Y u :
¢ Sequential melting of excited Y states. L g b % wya i i
100 * 0.4
R T/ R TN T R - R T 0'2: P
mm(GeV/cz) O0 50 100 1;0 260 250 360 350 400

part
113
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ALICE, Pb-Pb,\[5, = 2.76 TeV

Pb-Pb |5, =2.76 TeV

Preliminary

L et
_/%%,. Curves: Hydro (arXiv:1105.3226)

i
i

particle ratio
g

LSRR

————

LRLALLL

THE END

10'3 m  Data: ALICE, 0-20% (preliminary).
------- Model calc. with parameters:
T=148 MeV; (1 = 1 MeV fixed

——— T=164 MeV.u =1 MeV

F reez e-Out A t ° K Kix  plwt plv Elt Ehl Qe

.+
R TIT, A A RN TTT| AT |

LRALLL

ALICE Preliminary

0-5% most central

v b b e b
0.5 1 1.5 2

BT? Tfo

o

Ug, Tch

A
\

Hadron Gas

E 3
> (@) ]
- -
5 -~ ° WASS (0-7%) GLV: Ny = 1400 1
- 8 oo o EGLY @Y~ 004100 ]
g O #° PHENIX (0-10%) T YaEMD
o 15 cromom Tmlte ]
10 (&) [ sPs LHC2TO TV (POPD) o
5 s L ® CMs(05%) —asw ]
4 ALICE (0-5%) PQM: <§> = 30 - 80 GeVim-{
x [fm] L *“IA -
A
. e, 0 o, 0 +
initial condition ol ]
2 ,< 1 fml/c ok
07 L Lol ]
~ Ty 1 234 10 20 100 200
§ [ e data CMS Preliminary ] T/Te 1/(r) (fm1) p, (GeVio) N\
3 %C — poport | PbPb\'s =276 TeV] s /N
“; 50: ------ pp shape 0-100%, 0.0 < |y| <2.4 ] 2 s) Z
o 50 o - T
= FP> 4 GeVic 0< p, < 20 G‘eV/c 1 %(1P) Q > . POPD {2 76 TeV
P Ly =7.28ub ] 1 16y v £ o Contrality 30-50% 3 E l
i3 ] o019 Y@S) Y : nergy loss
ok 6 = 92 MeV/c? (fixed to MC) | 02t E
30k . 1 =T, u&(l%’)’) Y'(35) o El
N = %e w(2 0 17 E
PbPb * _
1 A. Mocsy i 1
Eur.Phys.).C61,2009
"E 4 Charged hadrons, EP, lAn>2.0 k|
02 D", EP 240 bins oty b syst. from data.
L * [ + D.EP2a¢gbins Fitled box yst, from B foec dowrt| h I' O
il Temperature (T,) e e iaewd | T

p, (GeVic)

Haeav tordafe, T. Chujo (Univ. of Tsukuba 12/06/16




