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2009.11.23 at the CERN-ALICE control room

First proton-proton collisions
p+p Vs= 900 GeV




First proton-proton collisions
p+p Vs= 900 GeV in ALICE (2009.11.23)
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First proton—proton collisions at the LHC as observed with
the ALICE detector: measurement of the charged-particle

pseudorapidity density at /s = 900 GeV

First ALICE
publication

submitted to EPJC 28 Nov 2009

Eur. Phys. J. C(2010) 65: 111-125
DOI 10.1140/epjc/s10052-009-1227-4

arXiv:0911.5430v2

The European Physical Journal

volume 65 - numbers 1-2 - january - 2010
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LHC First Physics

Collision Event at

EXPERIMENT

e

[P — Cotiions ot 7 To¥ |
L @ COFN
30 03 2098 ‘

7 TeV collision events seen today by the LHC's four major experiments (clockwise
from top-left: ALICE, ATLAS, CMS, LHCb). More LHC First Physics Iimages »

LHC research programme gets underway

Geneva, 30 March 2010. Beams collided at 7 TeV in the LHC at 13:06
CEST, marking the start of the LHC research programme. Particle
physicists around the world are looking forward to a potentially rich
harvest of new physics as the LHC begins its first long run at an energy
three and a half times higher than previously achieved at a particle
accelerator. Read more...

Mar. 30,2010

First p-p collisions
at /s =7 TeV
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- Run 168665, Event 83797
Time 2010-11-08 11:37:15 CET EXPERIMENT

Nov. 8, 2010
First Pb-Pb collisions at LHC,

the opening new era of
heavy ion program at LHC
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(2.76 TeV)

(2.76 TeV) = x10 luminosity than that in 2010.
first p-p (2.76 TeV).

2012: Long p-p (8 TeV), one day p-Pb (5.02 TeV)
pilot run

® 2013: 1.5 month p-Pb and Pb-p run (5.02 TeV), (32 |
nb-! in ALICE)

2013.02 - 2014 winter: LHC Long Shutdown | |
(LS1)  « We are here now |

® 2011:Long p-p (7 TeV) and one month Pb-Pb |

Delivered integrated I‘,:-;tminosity (ub™1)

LHC 2011 HI RUN (3.5 Z TeV/beam)

1 1
—o— ATLAS 167.6 ub™!
[|l—a— CMS 149.7 ub™!

|| —o— ALICE 143.6 pb™!
PRELIMINARY

46 47 48 49
Week in 2011

(generated 2011-12-20 08:08 including fill 2351)
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First three years of
LHC heavy on runs
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Initial temperature

ALICE
o 103= T T l T T I I T l T T T l T T I T T T T T T DireCt phOton pT
L F . spectra at LHC
g 10°E 0-40% Pb-Pb, |5, =2.76 TeV P
|3 1oe ALICE
95 4~ Direct photons PRELIMINARY -Observed an excess over
Qﬂ;)- = — Direct photon NLO for u=0.5,1.0,2.0 p_ (scaled pp) _ .
1= 107 . — Exponential fit:Axexp(-pT/T),T=304:Tf51 MeV P-P baseline at low PT (<2
x E
10? ®e GeV/c).
= LJ
10'32—
104;— 1 T=304%=51 MeV
105l - ~30% higher than RHIC
10'62—
":g Lo o Coa ' [ 1 ! 1
% 2 10 iz 14 RHIC (200 GeV Au+Au):
Py (GeVIC) T =221 £19 £ 19 MeV

T. Chujo (U. Tsukuba)

PHENIX, PRL 104, 132301 (2010)

RHIC & AGS 2013 annual users‘ meeting, BNL ( Jun. 27, 2013)




Dissociation temperature

CMS, PRL 109
(2012) 222301
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Melting excited Y states

Noar

T/T¢ 1/(r) [fm]

Y(15)

7-0(1P)

1.2 ml 7/4(15) Y'(25)

% (2P) Y'(35)

=T
‘|Bl 0P w(2s)

A. Mocsy

* Suppression of ground state Y(1s), and excited states Y(2S) and Y(3S).
* Consistent with the sequential melting scenario, Y(3S) >Y (2S) > Y (1S5).

T. Chujo (U. Tsukuba)
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®  Freeze-out Tiin and <Br>
ALICE
- 6
§ ol l"Il-'/i'\L;C;E'PlI)F"bl\éN’_276TeV < 0.2 pr T e e e §
o 10° N il > - ALICE Fit Range .
9] i —— STAR, Au-Au, |8, =200GeV | (5 0.18| 1}2 (())52< p; < 11 Se(;//s/ —
s " ;s % e ~ - o 2<p . <1.0GeV/c -
_%:_ - —5— PHENIX, Au-Au, \s,,, = 200 GeV 5 016 F 80-90% - 0: 0.3 < pT< 30 GeV/o -
Q =4 & - ‘ T .
o - ]
2 e e (<100 014570-80% . TR E
- 10 & : 0.12F 50/—:
& K*+ K" (x10) : s 12007
= 10" |- —Blast Wave Fit % B (x 1) 0.1 - STAR, Fit Range e e
5 VISH2+1 g P r1:05<p <08Gevic RHIC 05% ™
= - ¥ + . - 08F -5% -
— 1‘ — HKM , 1 008:K02<p <0.75 GeV/c ]
10° :-_l N Krakdv: : ({.50/’ l 'Sionsl—-: 0.06 -—p O 35 < p <1 |2 GeV/C ' l —:
0 1 2 3 4 5 0.25 03 035 0.4 045 0.5 055 0.6 065 0.7
p, (GeV/c) B
Blast-wave fits
ALICE, PRL, 109 252301 (2012)
ALICE, arXiv:1303.0737 * Tkin=95 £ 10MeV
Significant changes in slope — comparable with RHIC
compared to RHIC, especially . <Br>=0.65 + 0.02
for protons. — 10% higher than RHIC
T. Chujo (U. Tsukuba) RHIC & AGS 2013 annual users‘ meeting, BNL ( Jun. 27, 2013) 13
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ALICE
e Measured dN/dy of PID Z10°F b-Pb \{STEN=2.76§Te\5 3
hadrons at mid-rapidity at LHC. £ ® % : -
o Data: feed-down corrected. 2 _ _ .
| ALICE | | -
B : | PRELIMINARY 1 1 ]
m m L
i ‘ . LN
105 LA
E H m é é E
: B "N R EE
| ™ Data:ALICE, 0-20% (preliminary) ; b
10" . S )
tar KKppAZEEQ®Q¢ K

T. Chujo (U. Tsukuba)

Tech and Mo
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ALICE

e Measured dN/dy of PID
hadrons at mid-rapidity at LHC.

e Data:feed-down corrected.

e Thermal statistical model with TT?_E PRELIMINARY —
Ten = 164 MeV, Pb = | MeV ” ]
10} | o 7

= does not reproduce the data I

well, especially p, A, ¢, K*

T. Chujo (U. Tsukuba)

Tech and Mo

10°E

Pb-Pb |5,,,=2.76 TeV

ALICE :

dN/dy
i
|

ILRAL

1H m Data: ALICE, 0-20% (preliminary) E
| . ol 2
| —— T=164 MeV, u =1MeV, V=3776 m*® -
1 0-1 + - +*- - — —_— =t i~ «0
na KKppAZEZEQQY¢P K
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Tech and Mo

ALICE
e Measured dN/dy of PID 2 10°
hadrons at mid-rapidity at LHC. Z
e Data: feed-down corrected. 102
e Thermal statistical model with
Teh = 164 MeV, Yp = | MeV o
= does not reproduce the data
well, especially p, A, ¢, K*
1
e T, =152MeV,up=1MeV w/o
¢, K*, improving the fit, but
107

multi-strangeness (=, () does

not get right.

Pb-Pb |[5=2.76iTeV

. RLICE

| PRELIMINARY

T TTT IIII
.

| IIIIlIIl

T llIIIII'

- W Data: ALICE, 0-20% (preliminary)

H ------ Thermal model fit, x2/N,=39.6/ 9

------------

T=152 MeV, V=5300 fm” (u =1 MeV fixed) |

11!
ol

—t - —+
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A
*
o

Indicating the importance of re-scattering at hadronic phase?

T. Chujo (U. Tsukuba)
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pp NSD RHIC
pp NSD FNAL
pp NSD LHC
AuAu AGS
PbPb SPS
AuAu RHIC average
PbPb ALICE (shifted)
PbPb ATLAS (shifted)
PbPb CMS (shifted)
PbPb LHC average
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B.Mueller et al., Ann.Rev.Nucl.Part.Sci.62 (2012) 361
ALICE: PRL 106 (2011) 032301

CMS: JHEP 1108 (2011) 141

ATLAS: PLB 710 (2012) 363

T. Chujo (U. Tsukuba)

10 10 10°
Centre of mass energy \'s,, (GeV)
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Multiplicity density:
2.1x Central Au-Au at 200 GeV

Energy density:
~ 3 x RHIC (larger <mt>)

eT ~ 16 GeV/(fm*c)
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Freeze-out volume and lifetime

* Lifetime: 10 fm/c ~ 40% longer than that at RHIC.

Phys. Lett. B 696 (2011) 328

ALICE
* Freeze-out volume: 300 fm3 ~ 2 x RHIC.
o AOOprmrr———— S SO, 528
E [ A E89527,33,38,43GeV :
= 350F A NA4987, 125, 17.3 GeV -

5 [ m  CERES 17.3 GeV :
o 300F %« STAR624,200 GeV .

3 f O PHOBOS 62.4, 200 GeV 3
% 250f @  ALIGE 2760 GeV ¢
“ 200f ]

150f g %% L
1005- 55 “
50f ]
0 g " " " " 1 " M M M 1 " M 1 M M ]
0 500 1000 1500 2000
(dN h/dn)
Cc

T. Chujo (U. Tsukuba)
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Elliptic flow v2 at LHC

IR PR P

e
o

ALICE
S 0.08( f T L? 03 T T
o oek ATLAS Prellmlnary/y T o T3
YOI o ] N A
: 20-30% t %{ ] > 0.25 3 miﬁgﬁ% (STAR)
0.04[ : — | B 0405 (STAR)
¥ o ] 0.2~
0.02— ® ATLAS ] -
- ;;I- O CMs ] . 4 1
) S ® ALICE ] 0.15 *
-y & Jc STAR : - Yy
: % PHOBOS ] C i/. A Fo
-0.02|— 1 PHENIX — 0.1 5‘ P
- = NA49 - E 4 "9 :
- - CERES - . 1.
0'04: + E877 ] 0.05 _—ri:':.
= * EOS - -
-0.061- f A E895 B :.“.1““1,..,1 ........ Leicealysss PP PP P
] v_FOPI .
_0-08 I llllll 1 1 1 llllll 1 1 1l lllll 1 1 Ll ll: 0 0.5
1 10 10 10° 1
ATLAS-CONF-2012-117 \ Sy (GEV)
® 30 % increase compared to RHIC data, due to <pt> increase.
e p; dependence holds from RHIC to LHC.

® Suggesting similar n/s at LHC as RHIC produced.

T. Chujo (U. Tsukuba)
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P, (GeV/c)

ALICE; PRL 105 (2010) 252302




vn and initial conditions, n/s

CMS-HIN-12-01 |

T. Chujo (U. Tsukuba)

oo | OMS Preliminary | ® v, measurements by
s n=3 POPD \Sy, =2.76 TeV two particle
.~ o L a 0-0.2%centrality P
N, A \ 1 correlations, |An]| >
g [xns 4 | 1 2,at very central
= 0.05- \ N collisions (0-0.2%).
S Agoe gk f |
QY - 4 @ o A
oz ¢ | |
> . * ‘ & l
: o
i :A **+ 7 ‘ |
L R ————
0 4 6
pT(GeV/c)
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I T T T I T T T I T
i CMS Preliminary i
PDPD \[S =276 TEV ]

,.HO-OS . 0-0.2% centrality
(qV] L
A — —— Glauber, w/s=0
_:' __ —— Glauber,w/s=0.08 -
< 0.021- ° . Glauber, w/s=0.20 ]
— B
— —
8- L
N 0.01- .« N
v —
c
> i -
03<p.<3GeVic e -
000 =P2EE T
i R R S S
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CMS Preliminary ]
0.03k PbPb \[sm =276TeV
VL 0-0.2% centrality
(qV] |
A: i VISH2+1 Hydro
- — —— Glauber, n/s=0.08 _
SIBO.OQ_ L <] MC-KLN, n/s=0.2
‘é i
A 0.01F o a
-
c
> i _—
I .
0.00p—M—mMm——————— s e
- | 1 | 1 |
2 4 6
n

vn and initial conditions, n/s

+—Glauber with different n/s

® Power spectrum of vi.

® disentangle initial
condition and n/s.

+—Glauber and CGS with n/s
VISH2+1 Hydro

CMS-HIN-12-011
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ATLAS-CONF-2012-114

' " ATLAS  Preliminary 1 " ATLAS Preliminafy 1
Pb-Pbys,=276TeV | 4g Pb-Pb |5,,=2.76 Te\l]
L= 8 ub” Ly=8ub '3
10 -3 3
N 1 1 7
\>’ = - -
“ L o01%y, . 5-10% v, ]
E -e- datap_>0.5 GeV E 10" -o- data p'>OSGeV
[ — Glauber 0.36<, ] — Glauber 0.46¢,
-1 M C-KLN 0.312, w MC-KLN 0.30¢,
10 E . P P T T \ DR R T T '
0 0.02 0.04 0.06 0 0.05 0.1 0.15
10k  EAsese ATLAS ' Preliminary 10 T Lpeses, ATLAS ' Preliminar
’ Pb-Pbys,,=2.76 TeV 3 Pb-Pb \s,,=2.76 TeV
Lin=8 !-'b.1 ] L.=8 ub”’
1 3 1
>" |
o 30-35% v, ; 40-45% v,
2 10 2
-1 B
10 —e- data p_>0.5 GeV - data pT>O 5GeV
= Glauber 0.36<, - Glauber 0.32¢,
g2l —MCKLNO028e, 4 TF —mekuN 026,
! ad [P | 1

0.1
vy

T. Chujo (U. Tsukuba)

0 0.1 0.2
Ve

<

Theory: arXiv:nucl-ex/0701025, Phys. Rev. C 74, 044905 (2006)

Further constraint on n/s; E-by-E vi

Direct measurements of
V2, V3, V4 (only v2 shown).

Model comparison:
® both work in 0-1%

e MC-KLM (CGO)
works in 5-10%

e Glauber works in
40-45%

Additional constrains by

event-plane correlations
(ATLAS-CONF-2012-049).
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2 Quark number scaling of v»

ALICE

LHC RHIC

0.14F Po-Pb events at [y =276 TeV - (a) o +r (PHENIX) < p+p (PHENIX) (b) |
[ Centrality 20-40% 0L = K'+K" (PHENIX) O A+A (STAR) |
0.12- ’ K (STAR) 0 Z+Z (STAR)

e

Vo/n,
o
o
?
}—Dt%E‘-H
e~
oo
v.‘,/nq
0

i .
- n
0.05} "‘ﬁ

z'i -
y
ﬁ " T "
0.04F 4 Dok q’%
- v P ]

0.021 Q ALICE preliminary

0- 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0 0.5 1 1.5 2 25

(mymg)in, (GeV) 0l gL
p/n, (GeVic) KETInq (GeV)

PHENIX, PRL 98, 162301 (2007)

® Ker/ng scaling at LHC does not work well like those at RHIC.

® Affected by a strong radial flow for protons (hadronic re-scatterings)?
23
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Jets in LHC heavy ion collisions

CMS Experiment at LHC, CERN
Data reco Sur 14 19:31:39 2010 CEST

| Lumi section: 249

Jet 0, pt: 205.1 GeV
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T. Chujo (U. Tsukuba)

Energy loss, single hadron Raa

EM probes: Raa~1.

Hadrons: strong suppression Raa ~0.1 at ~7 GeV/c, and a rise at higher pt (Raa ~0.5).

Baryon enhancement is observed at intermediate pr.

RHIC & AGS 2013 annual users‘ meeting, BNL ( Jun. 27, 2013)

Raa for EM probes, hadrons Baryon

T T T | T T T | T T T | T T T T | enhancement
© cMs Taa uncertamty =
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| © (o) @ i i Lo ¥ : |
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ALICE (30-120 GeV)
Full jets (0-10%)

Pb-Pb {/s, = 2.76 TeV
0-10% Centrality
Charged+Neutral Jets
Anti-k; R =0.2 7|<0.5
Leading charged track p, > 5 GeV/c

p. >0.15 GeV/c
l

T.const
ALICE

Biased pp reference
PRELIMINARY

e

8

0.5

|\I\I|II]!|II\I|\III‘III\|\III
0 70 80 90 100 110 120
pi’}:m (GeV/c)

%4050 6

® a wide kinematic reach for jets at LHC.

1.8
1.6
1.4

12
g1
0.8
0.6
0.4
0.2

0

Energy loss, jet Raa

CMS (* preliminary)

PbPb\[Syy = 2.76 TeV

I i I i I i I i I i
K 4 —E— *Z (0-100%) p’ > 20 GeV
—JLdt=7-150ub1 P
N —N— W (0-100%) P> 25 GeV
— —@&— Isolated photon (0-10%)
B —F— b-quarks (0-100%)

L (via secondary J/vy)

- ++ """"""" * *l

R
# 4o Q

__ O& @) —&— Charged particles (0-5%)

N N I BT

0 20 40 60 80

p.(m,) (GeV)

CMS (30-120 GeV)
Full (q/g) jets (0-5%)

T | T | T | T
CMS PRELIMINARY
PbPb\/S,, = 2.76 TeV

j L dt=7-150 ub™

T I T I T I T | ]

—&— q/g-jet (0-5%) n|<2

T ] T I T I T I T

1 I 1 | | | | | |

_ 200 250
jet P, (GeV/c)

| |
100 150

® Jet Raa ~ 0.5 above 100 GeV/c, consistent with hadron’s Raa.

T. Chujo (U. Tsukuba)
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Energy loss, jet Raa

ALICE (30-120 GeV) CMS (30-120 GeV)
Full jets (0-10%) Full (q/g) jets (0-5%)
[ ' I T [

CMS PRELIMINARY
PbPb\[S,, = 2.76 TeV

3 L | Pb-Pb s = 2.76 TeV
e | 0-10% Centrality
Charged+Neutral Jets
L Anti-k; R =0.2 n|<0.5
1+ Leading charged track p; > 5 GeV/c
e 0.15 GeV/c
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Biased pp reference
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FETI FRERI FERTE FRET1 RN | |
%9 40 50 60 70 8 250 300

® |et Raa from pt = 30 - 300 GeV, consistent with
hadron’s Raa.
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Di-jet energy imbalance
N
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5 4 Centrality 60-80% 1
%3.5 [CJHIJING+PYTHIA] p7.1: leading jet
s 3 ® Pb+PbData 4 ',sub-leadin jet
% o5 O p+p Data _ PT.2: g
12 Large A, : low momentum
B ] particle (< 4 GeV/c) emitted
0.5 at large angle on away side.
|

02 04 06 08 A
J
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[ ] . [ ]
Y-jet: jet tomography
CMS, Phys. Lett. B 718 (2013) 773 | < 227, >= p)S' /p). Ryy :fraction of photons with jet
partner
L o B B LR i LI I _
1.05 ;—A(a) . Sw=276TeV - ATLAS
L > . - -]
1524 8" o Poro Daa E
- < PYTHIA + HYDJET -
0.95F s ppDak : Q O O O
A 09F © PYTHIA = +
5, M O o) E _
5085 E o 0 ; 05 o
0.8F + = - @ R=0.2 Data
0.75E + = | O R=0.2 PYTHIA+Data
- + ] ATLAS Preliminary
0.7 3 ¢ E Pb+Pb L _=0.13 nb™
0.65F = |5 =276 TeV
O 6: I 1 | 1 1 I 1 1 | 1 I 1 | 1 1 I 1 1 1 1 3 0 - — I I l A I —
0 100 200 300 400 0 100 200 300 400
Npart
® Y as a calibrated probe of jet energy.
® ssignificant change in Rjy, <xjy> compared to PYTHIA and pp.
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ALICE y q Va—
5 LI LI LI LI L LI LI LI
2 T L T T T T T T T 1T 1T 4 < : I l l ] l l ]:
> e . 0 F Pb-Pb,|s,=2.76 TeV .
oC . of ALICE E = 45 > =
1.8 _ ] < - Centrality: 0-20% ]
C 0-20% centrality ] C[’f: - . . arTeE
1.6/ Pb-Pb,\ S, = 2.76 TeV 4F Average D”,D",D ", y|<0.5 Biri M
C ] - from JHEP 09 (2012) 112 ]
1.4 o Average D°, D*,D", |y|<0.5 3.5 Charged pions, In|<0.8 E
n o Charged particles, |<0.8 ] N E
1-2:_ = CMS non-prompt J/y, |y|<2.4 B - ]
12 ] — + 7', i<0.8, Preliminary = 25 ;_ =
0.8F = oF 1 3
0.6 - 150 4H7 + :
0.4[ = 1 I_J
0.2 e 050 e
Odtl : l2Il : l4|. = l61I : ]811 : l1|01 : 1112l ! I1I4.I : 11161 : 1;8 OEI L1 l | - l | - l | - l | I l | l | - l | - g
D (GeV/C) 0 2 4 6 8 10 12 14 16
t P, (GeV/c)
® D mesons are also strongly suppressed.
[ D 1T .
® A hit of Raa” > Raa™ (not yet conclusive).
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<1,21]]1]]1][]]][[[]]]ll]l]lll]ll[ll]ll[llf
<
oC Pb-Pb, \ s, =2.76 TeV
1 P
n m ALICED mesonR,,, 6<pT<12 GeVle, ly|<0.5
- [] Uncorrelated syst. uncertainties N
0.8 __ Correlated syst. uncertainties __
L $ JHEP 09 (2012) 112 |
0.6 + H H —
0.4 v o -
0.2 Read from CMS-PAS-HIN-12-014 * —
@ CMS Preliminary Non-prompt J/y R,, 6.5<p <30 GeV/c ly|<1 2]
- [ ] CMS Preliminary Non-prompt J/y syst. uncertainties |
0 N I N VN N T T T I | | I - 1111 111 l 111 1| l 111
0 50 100 150 200 250 300 350 400
(N ?

T. Chujo (U. Tsukuba)

* Note: not same kinematic range.

Charm vs. Bottom

Raa for charmed
meson (D) vs.
bottom meson
(J/P from B
decay).

First indication
of a mass
dependence of

RAA.

RaAAB > RaaP

RHIC & AGS 2013 annual users‘ meeting, BNL ( Jun. 27, 2013)

31




ALICE

% JIW (color screening vs. regeneration)

mid-rapidity Raa for |/

S( 1.4,
<
1.2F
[
1» .............
0.8

------------------------------------------------------------- LHC.

® |/ measured at
ALICE, Pb-Pb \s,,, =2.76 TeV

® 1yi<0.9,p >0 GeVic, L~ 15 ub'" = m|d-rap|d|ty |)’|<

PHENIX PRL 98 (2007) 232301), Au- AU\S =0.2TeV +
O 1yl<0.35,p >0 GeV/c  global sys.=+ 12% 0,9, by e e at

® Compared to

0.6 E RHIC mid-
[ @ rapidity data.
0.4_— @ .@.
ool 4 ® Significant
: o o larger Raa than
%0 200 400 600 800 1000 1200 1400 those at RHIC.

T. Chujo (U. Tsukuba)
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ALICE

1.4

< L
<,

ALICE

I~ PRELIMINARY

0.8 f;.
0.6
0.4

0.2

0_111‘

% JIW (color screening vs. regeneration)

forward-rapidity Raa for J/L|)

ALICE Preliminary, Pb-Pb ys, =2.76 TeV, L _ =70 ub’
m Inclusive Jiy, 2.5<y<4, O<p <8 GeV/c global sys.==+ 14%
PHENIX (PRC 84 (2011) 054912) Au-Auys,, =0.2TeV

[ Inclusive Jhp, 1.2<y<2.2, p]>0 GeV/c global sys.=+ 9.2%

PN TN A T T S A T U T N T TS N NN N S T N TN SO T N WY S

0 200

T. Chujo (U. Tsukuba)

400 600 800 1000 1200 1400

dN/dn|o
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J/W measured at
forward-rapidity
25<y<4,by uu
at LHC.

Compared to

RHIC forward
data.

Significant larger

Raa than those at
RHIC.

Suppression is
stronger than that
at mid-rap.
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(B

ALICE

Low pr: Raa at forward y, J/Q— pt+p-

G:<.E

1.2 aLICE

PRELIVINARY

Inclusive Jhp, 2.5<y<4
Pb-Pb |5,,=2.76 TeV, L= 70 ub™ X zhao et al, NPA 859(2011) 114
global sys.= +6% « == primordial

- — regeneration

X
.
- . . -
0.6 % . } f t
- . “~ = (] -
L \‘. [ R
0.4

0.2

Il‘ll'lllllllll'll“ll

0 o e b

0 50 100 150 200 250 300 350N 490
part
®
z_g J)“ o ¢ ;J;Q_, 3‘: o
06 L=

08 PR S Y
0 02 04 0608 1 1214 16 18 2 22
r [im]
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JIW (color screening vs. regeneration)

RHIC & AGS 2013 annual users‘ meeting, BNL ( Jun. 27, 2013)

High pr: Raa at forward y, J/Y—= pt+y-

<14
o L Inclusive Jhp, 2.5<y<4
’ 2: Pb-Pb |s,,=2.76 TeV, L= 70 ub™ X. Zhao et al, NPA 859(2011) 114
: JREL';}IERERV global sys.= +6% === primordial
L — regeneration
L
08 .
0.6 ? R -
-l ¥ 7
04r Dy v
o2
O—|||||1||||1>||-‘|.JA.AA| %
0 50 100 150 200 250 300 350N 400

pan>

J/U Raa is enhanced at low pr.

Compatible with models including
regeneration.
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(®)  Charmonia flow (Inclusive J/ v2)

ALICE: arXiv:1303.5880

- @ ALICE (Pb-Pb \%: 2.76 TeV), centrality 20%-60%, 2.5 <y <4.0

: = Y. Liu et al., b thermalized ¢ J/l'lJ prOduced Vla
i 2— ------ Y. Liu et al., b not thermélized regeneration Of
. ==+ X.Zhao et al., b thermalized .
- thermal de-confined
c-quarks should

show a non zero vo.

e First hint of non-

! Zero Vo.
-0.1  global syst. =+ 1.4% _ .
L e Gonsistent with the
0 1 2 3 4 5 6 7/ 8 9 10 .
p_ (GeV/o) transport model with
regeneration.
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Highlights from
P'P.'? 12Uy (Y13,

Sep 43, 2L12 (ALICE)
p+Pb testirun
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® dN/dn, Raa in p-Pb

ALICE
ALICE, PRL 110 (2013) 032301 ALICE, PRL 110 (2013) 082302
| T | I |_ _l LI I L I L I LI I LI I L I LI I LI I L I LI l_
- Pb \/ 5 02 TeV - 1.8  ALICE, charged particles -
251 p St . o p-Pb Sy, =5.02TeV, NSD, [n_|<0.3 :
- 1.6 Pb-Pb (5 =276 TeV, 0-5% central, | 1| <0.8 E
2o . -
Q i -
8 | E
g 152'/" e ] E """""""" —
5 - =
% 100 HIJING: - : " f I I E
"« ALICENSD ---2.1noshad.[6] Iy gy E
B __21s=028[6] - Y @ -
- Sat. Models: =9 ] 0.4 . ]
= BB2.0 no shad. [4] 7 : q 3
5 —— IP-Sat [5] B2.0 nc S8 8]
- KLN [3] BB2.0 with shad. [4]- 0.28 i aw ®
[ mmmmnee rCBK [7] DPMJET [32] N 111 I L1l I | - I 111 I 111 I | - [ L1 I 111 I 1 n

o— L v L 1 0O 2 4 6 8 10 12 18 20
-2 0 2

GeV/c
ab P )

® dN/dn: most models reproduce data <20%. CGC: steeper rise on shape.

® Raa~ | in pPb: suppression in Pb-Pb central is a final state effect.
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Di-Had

nr»r-p

ron Correlations in p-p & p-Pb

p-p (N =110)

CMS N =110, 1.0GeV/c<p _<3.0GeV/c

R(AN,AQ)

ATLAS

p-Pb (ZEt Pb) < 20 GeV

T. Chujo (U. Tsukuba)

CMS pPb \s, = 5.02 TeV, NI 2 110
1<p <3GeVic =

[L=1ub" 05<p<aGev

p-Pb (N =110)
* First observation of
ridge structure in

L[ 1e high multiplicity p-p
‘”o%:-; ' (CMS).
'_f .

high multiplicity
p+Pb \s,,=5.02 TeV eventS.

* Alway side ridge
structure is observed in
high multiplicity p-Pb.

C(A¢.An) ~

0 2N CMS, JHEP 1009 (2010) 91
CMS, PLB 718 (2012) 795

p_Pb (ZET Pb) > 80 GeV ATLAS, PRL 110, 182302 (2013)

RHIC & AGS 2013 annual users‘ meeting, BNL ( Jun. 27, 2013)

* Also confirmed in p=-Pb
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ALICE

Double ridge structure in p-Pb

ALICE, PLB 719 (2013) 29 2<p,, <4 GeVic
rig

p-Pb\s,, =5.02 TeV

2< Prig < 4 GeVie
1< [ 2GeV/c

-1
dAo (rad™)

dzNﬂSSOC
dAn
Y

0-20% 60-100%

-2
®  Extract double ridge structure by subtracting p-p jet like - .
. . . . o o 8 0.88]—p-Pb |5, =5.02TeV « Data
distribution in p-Pb (60-100%) from central p-Pb (0-20%). =, ex9-commg  —— srmcostinss oo
§. Tt 1< pT'"' <2GeV/c —— Baseline for yield extraction
§ 0.84F Tassoe @ HWING shifted
® Confirmed that near and away side ridges are almost same o
structure. Foao

® Strong correlation between near and away side
yields, suggesting the same origin.

T. Chujo (U. Tsukuba)

T2
900 gt

1 <P esoe <2 GeVie (0-20%) - (60-100%)

p-Pb | 5, = 5.02 TeV 2<p;,, <4 GeVic P-Pb | s, = 5.02 TeV

0-20% 1< Pyggs0c < 2 GeV/C 60-100%
g o6 ‘
Ao \
2|5 04 I
£lg I
- <
= 02 mmm c
2

3

0.78/ 14"
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S,

ALICE

s

JIY Repo

’ é’romp't J/'psul L!-lC

b-CONF-2013-008

- Lo I L L

ccgj .6;— lli-"r.'eclzi%inary —&— LHCb, prompt J/yy
1.4.._ pA/Ap ',"s; =5Tey — E.loss

------- E. loss + saturation
(Arleo et al.)

1.2
1
0.8
0.6
0.4
0.2
0

lllllllllll'lllllllllllllll

lllllllllllllllllllllllllllllllllll

'
(&)
o
(&)

y

Rpr

1.4 -

1.2

0.8

0.6

0.4

0.2

P PPb {8,=5.02 TeV, inclusive J/ y—yu'K, p >0
~5.5nb™

Backward y

M L ALICE

PRELIMINARY

~49nb7 L

Forward y

\Illlllll]\

[.JEPS09 NLO (Vogt, arXiv:1301.3395 and priv.comm.)
_ [ cGC (Fuiii et al., arXiv:1304.2221)
-~ ELoss with q =0.075 GeV*/fm (Arleo et al., arXiv:1212.0434)
- —EPS09 NLO + ELoss with q,=0.055 GeV*/fm (Arleo et al., arXiv:1212.0434)
e v b v b v b b v v v b v by a0
-4 -3 -2 -1 0 1 2 3 4
ycms

Comparison between prompt and inclusive J/:
* Measurements are consistent within uncertainties, although prompt is ~ 30%

lower overall.

* Provides further constraints on CGC model.

T. Chujo (U. Tsukuba)
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sSummary

® Hottest, largest, longer lived QGP is produced at LHC
heavy ion collisions. - |

® There are similarities, di

newly diseovered properties on QGP at'L

Future

° Run with full energy +/snn = 5.5 TeV Pb-Pb in 2015- 20I7
(Run-2), with upgraded detectors (LS|, ALICE).

during B8§2.(2018) for Run-3 (2019-2022).
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in Detectors Tile Calorimeter Liquid Argon Calorimeter
\ |

Toroid Magnels  Solenoid Magnet ~ SCT Tracker  Pixel Detector TRT Tracker

Thank you for your
attentions!




