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Nuclear Modification Factor
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—> In the absence of nuclear modifications,
hard processes expected to obey N, scaling 2 R,, =1
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SN Binary scaling for EW bosons...

* and indeed...
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L’ﬁ”‘ Strong suppression for hadrons...

* Raa(py) for charged particles
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L Strong angular dependence

 significant effect, even at 20 GeV and beyond!
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o Baryon/Meson effect

-> sensitivity to hadronisation in medium
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(Collision of Nucleon with Nucleus)
Breaking News
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INFN ' :
G Breaking News: R

* measured on the small data sample from the September pilot run
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L Breaking News: p-Pb dN/dn

T I T T

v
___________
....

{

HIJING:
« ALICENSD ----2.1 no shad. [6]

—2.1s=0.2
Sat. Models: % 0.28 [6]

| T 1T T 1 ] T I T I

at BB2.0 no shad. [4] 1

kN BB2.0 with shad. [4]-

- 1GBK [7] DPMJET[32] |

| | | ! ! | | | I | | !
0= 0 2

Tllab
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« essential model constraint
* too much p/Pb asymmetry in saturation models?
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CMS pPb \[S,, = 5.02 TeV, NI > 110

Breaking News: p-Pb ridge

ridge structure observed in p-Pb by CMS!
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Di-jet imbalance

Pb-Pb events with large di-jet imbalance observed at the LHC
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Reconstructed Jets
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L Di-jet imbalance

* Imbalance quantified by the di-jet asymmetry variable A;:
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- large imbalance effect on jet energy, but very little effect on jet direction!
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Di-jet Ag

no visible angular decorrelation in Acp wrt pp collisions!

%

(R

Event Fraction

107

—_—
Q
ma

—_—
<
[#3]

(a)CMS _‘-Ldt 351pb

——pp Ys=7.0 TeV

=== PYTHIA
Anti-k;, R=0.5

:(b) ILdt ETJ.Lb |

50-100%
—a— PbPb v5,=2.76 TeV

—— PYTHIA+DATA
Iterative Cone, R=0.5

p,,> 120 GeVic

p,, > 50 GeVic

-
<

—_—
<
o]

Event Fraction

-
S
[#5]

e

- R

- 2012#10* 23%

1 rad?




L v-jet imbalance
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C Z-jet imbalance

« similar story...
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v-jet Ao

e again, no visible decorrelaton...
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« substantial azimuthal asymmetry up to highest jet energies!
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Jet Rep

substantial suppression, out to very high jet energy!
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Jet RM

Jet RAA

Jet Ry
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« change of behaviour at low p;? it seems to decrease further...
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R (radius) dependence

ratio of R for different jet radi
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L Jet FF is modified

 visible modification in high lumi sampleI
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L Even more at lower z...
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L Near-side broadening
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G Particle composition

» peak excess particle composition similar to pp!
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NN J/y @ LHC: central y, high py

* LHC:|y| <2.4,p;>6.5GeV/c (CMS) LHC Iy| < 2.5, pT > 3 GeVic (ATLAS)
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N Jlg @ LHC: forward y, low p;

« LHC:25<y<4,p;>0 (ALICE)
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12 PHENIX (PRC 84 (2011} 054912), Au- -Au| 5, = 0.2 TeV
L ‘p:zl:e'LIEEICuEw O Inclusive JAy, 1.2<y<2.2, p>0 GeV/c  global sys.=+9.2% RHIC 12 < y < 22’ pT > O (PH EN'X)
i
0.8 it —> centrality dependence is much
: weaker!
0.6} % -
: @ g - =
o4r o o - c-cbar coalescence?
a 2 @
0.2 : & v &
ol o b b b Lo Lo Lua
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N Jlg Ry, pr dependence

e consistency between CMS and ALICE

< 1.4 _
< q % ALICE Preliminary, Pb-Pb {5, = 276 TeV, L = 70 b
u: 1 2 B Inclusive Jiy, centrality 0%-90%, 2 5<y=4 global sys.=+ 7%
21" ALICE i .
- RELEMINRRY CMS (JHEP 1205 (2012) 063), Pb-Fb |5, = 2.76 TeV, L= 7.3 ub"
5 @ Inclusive Jhy, centrality 0%:-100%, 1.6<|y]<2.4  global sys. =+ 8.3%
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N Jlg Ry, pr dependence

* consistent with coalescence models

1.4

<< L
EEC - ALICE Preliminary, Pb-Pbys, = 2.76 TeV, L= 70 ub’

1.2 ALICE
| PRELIMINARY o nclusive Jhy, centrality 0%-90%, 2 5<y<4 global sys. =+ 7%

1 - Transpart Model (X. Zhao & al., NPASSS (2011) 114)
—— Total with shadowing
0 8 —_ = = = Primordial J/yr

i wenee: Reganerated Jiy
—— Total wilhou! shadawing
== = Primordial J/yr
weeees REgenarated Jiy

0.6

L Tl e —

_________

memmssEscssmmamassesa U mam e samamamn T

0 ‘I Cao o Lo o by v Ly ;"‘1“HII“|"";-'"I'|I':.-'-|'-'-'.:{'".Z'|'-'.:T-'.-.1-.-.r1m|...|.| PO T UK W I

0 1 2 3 4 ) 6

7 8
P, (GeV/c)

Fro- 2012#107 235



)

&% J/y flow?

« some “hint-ication” of a modulation...?

— 12007 v 03

'_E)__"J 25<y<4.0,20 < p <40 GeVie I Pb-Pb \ s, = 2.76 TeV, Centrality 20% - 60%
c : - Jy:25<y<4.0, p_>0GeVic
= 1000 ¢ Dam [ ALICE o8 |
el : PRFELI;EEERY —  Fit 0.2/ ALLLL ~ m  ALICE preliminary: 6-A¢ method with VZERO-A EP
o 5
o 800F
2 600 -
®] i + I
400j
200_. Pb-Pb ¥ 2.76 TeV. rality 20%-60% -0.1_— Transport model: P. Zhuang et al., b thermalized!(priv. comm.)
[ O S S ABIBN MR SR T e Transport moldelz P. Zhuang et al., b n?t thermalized (priv. comlm.)
[ 1 1 1 1 I 1 L 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 J 1 O 1 2 3 4 5 6 7 8 9 1 0
0 0.5 1 1.5 2 2.5 3 p. (GeV/c)
AQ=9¢ - Wep, (rad) T
ALI-PREL-1617% dimuon ’
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L What about y’?

« ' less suppressed than J/y? (CMS) -+ not confirmed by ALICE...

E ALICE inclusive J/y and y(2S), 2.5<y<4
g [ Pb-Pb, |8, =276 TeV, L= 70 ub” )
- pp, \s=7 TeV ALICE

PRELIMINARY

1':' IIII|IIII|IIII|IIII|IIII|IIII|IIII|||||
PbPb |s,, =276 TeV
e 3<p <30GeVic, 16<lyl<24

[ | pp uncertainty (global)

9

7 [ @ ALICE, 0<p_<3 GeV/c, 2.5<y<é
@ ALICE, 3<p_<8 GeV/c, 2.5<y<4
" @ CMS, 3<p <30 GeV/c, 1.6<|yl<2.4
. (CMS-HIN-12-007) o
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C Bottomonia

CMS: HIN-11-011

e LI ‘ LU ‘ TT 17T ‘ TT 17T ‘ T T 17T I TT 17T ‘ LU ‘ TT T
< i
o — imi = —
pp CMS-HIN-11-011 PbPb 1.4~ CMS Preliminary, PbPb ys,, = 2.76 TeV -
:—Soiwww‘Hwn‘uwuu‘wHw‘wmn‘wuwuwnmi ;-8007\\l‘\\\ll\l\l‘\l\\‘\l\\l\l\ll\\\7 : QT(‘]S) L=150|.1b_1 :
L - Preliminary CMSppfs=276TeV - L E Preliminary CMS PbPb {s,, = 2.76 TeV 1 1.2 nt =
> L 4 > r . = . -
© i ] © 700 R r *Y(29) ly| < 2.4 7
o [ lyl <2.4 ] 0} Cent. 0-100%, [y| <24 i l |
s o p:>4GeV/c - S 600 o' >4 GeV/c E 1 ] y
E i L, =231nb’ ] E - @ ] C 30-40% ]
= L - + 500— = — —
& 30— - S n ] 0.8 40-50% 20-30% |
o[ ! * dita ] @ 4008 * dala R [ 50-100% ’
i — total fit 1 — total fit 1 06 4 10-20% -
oo b background | L L} e background A C + 510% 0-5 /°:
r ] 1 0.4/ ¢ 4
10F i ] B + :
0.4 IL\\\IJI\II‘LJ\\*J\\I}\Illltl\4_ 0:\Hl\LJ\ll\l\n\\lHMl\\IJl\lIHJ\: : | I | | I+ I +J :

7 8 g 10 11 12 13 14 7 8 g 10 11 12 13 14 0 | I . I . 111l | . L1l L1l L1 1 1111

0 50 100 150 200 250 300 350 400

m,, (GeVic?) m,, (GeV/c?) N

part

CMS-HIN-11-011

e Y (2S) strongly suppressed

e Y(3S)not visible...
» a crucial confirmation: quarkonia dissolve in the medium...
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Heavy Flavours




C Reconstructed D mesons!

pointing angle 6
~
-
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Cor Heavy Flavours R,,

< 2_| LI | LI I I | | LI | | LI B B | | LI I | | LI I | L | T I_ . . . .
< - 1+ +indication of less suppression for
T 18 Pb-Pb,\ sy =276TeV = PP
- ALICE - beauty’?
1 -6 j PRELIMINARY i
1 4:_ ® Average DO,D+,D*+, |Y|<055 0-75‘%:_: 1.2_| TT T [T T T T[T T T T[T T T T[T T T T[T T T T[T T T T [TTT11
T o with pp p_-extrapolated reference - n.:i - Pb-Pb, |5, = 2.76 TeV
{1 oF o Charged hadrons, n|<0.8, 0-10% Y
- = Charged pions, m[<0.8, 0-10% E m ALICEDmesonR,, . 6<p <12 GeV/c, |y|<0.5
1 ]— ---------------------------------------------------------------- — [] Uncorrelated syst. uncertainties n
- N 0.8 Correlated syst. uncertainties N
.8 —: L H JHEP 09 (2012) 112 ]
= 0.6/ E H EI -
- E 0.4 B -
O: 111 | 111 | 111 1 I 1111 | 1111 I 111 1 | 111 1 | L1 1 I: : E :
0 5 10 15 20 25 30 35 40 0.2— Read from CMS-PAS-HIN-12-014 El —
p. (GeV/c) " @ CMS Preliminary Non-prompt Jiy R__, 6.5<p, <30 GeVic |y|<1.2]
T L |:| CMS Preliminary Non-prompt Jhy syst. uncert.:-iinties | -
* pr<8GeVic: % 50 100 150 200 250 300 'és?h'l'imo
part

— hint of less suppression than for 1

* p;>8GeVic
— same suppression as for ...
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C A new entry: D¢

 HF in-medium hadronisation!

«_160
S [ PoPb2011ys, =276 TeV, 3.15 x 10° events, p* > 5 GeVic
(] -
= I
D 2 [T T 1T T T T T 17T T 17 LI L L L L I B B p 140 B
"5_ B A DO 4 E C Psgrggf:nsc:
£ 180 mp* E 120 07/02/2012
e B . ly|<0.5 ALICE ] w B
Q) 1'6j ep~ PRELIMINARY ] 100¥
S [ oeDt 0-7.5% centrality 1 i +
14 Pb-Pb, | sy, = 2.76 TeV sor
n ] B " -
1.2 — Filled markers : pp rescaled reference ™| 60 T DS - .K K n: +
= Open markers: pp p_-extrapolated reference -] C Centrality 20-40% Mean = 1.983 + 0.004
.......................................................................... - 401 2011 run Sigma = 0.014 + 0.005
1 - 9
r ] C Significance (3c) 4.1+ 1.2
0.8; ] 20— S (30) 130+ 39
- 7 L S/B (30) 0.15+£ 0.04
_ n _III\\ILI\lIIIII\IIIILI\I\‘III‘III‘\II'\II‘J\I
06? ] 01.88 19 192 194 196 198 2 2.02 2.04 2.06 2.08
B ﬂ - Invariant Mass KKn [GeV/c?]
0.4 — ]
0.2 U #:ﬂzfgf U n
O B | | | 1111 l 1 11| | L 111 | 1111 ‘ | .| | L 111 1 11 | B
0 5 10 15 20 25 30 35 40
P (GeV/c)

* a hint of strangeness enhancement?
* more stats needed!
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C D meson v,

« “Hint’-ication of non-zero v, « theory must describe
— consistent with strong coupling of simultaneously v, and Ry,
c to medium
a :|||||||||||||1|||\|||||||[||||||||||_ ) 2_,,..|y--.|||.1||.--|--||||y|||-vnu|-.--_
= 0-4:_ Pb-Pb  {s\=2.76 TeV_ S 18 - Average D°,D',D"* =
£ F A Centrality 30-50% 3 § TF o5 ATRE E
S T ] < 1 '6;— 0-7.5% centrality 3
- o 140 Pb-Pb,\ 8,,=2.76 TeV
- 1.25— =
. 1 ﬂ 777777777777 Filled markers: pp rescaled reference |
N . - Open markers: pp pT—extrapoIa‘[ed reference _:
- e D EP2A¢bins + i > .
0.4k Aichelin et al, Coll+LPM rad T -OD —
" == . Beraudo et al, Langevin HTL . f =
C WHDG rad+coll 1 ] T o]
-0.2/~--- Rappetal Empty box: syst. from data | o =
"""" BAMP? | | Filled ?Ox syst| from B fleed dowr - -
C1 11 | 11 1 111 111 | 11 1 111 111 111 111 = _, s oo boeoeovoo bowowow oo b oo by bowosowos by g by .
0 2 4 6 8 10 12 14 16 18 00 5 10 15 20 25 30 35 4C
pT (GeV/C) NLO(MNR) with EPS09 shad. pT (GeV/C)

Rad+dissoc (0-20%)
WHDG rad+coll
= 1 POWLANG (Beraudo et al.)
BAMPS
v BDMPS-ASW rad §=25
- = = - Rappetal
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G b-tagged jets

« jets with high mass sec vertex * b jet suppression!
0.06 o Py o270 TV 2 |
I L dt= 150 ub” | B B
0.05~ ®  PbPbData n 1.8 . -
- Pythia+Hydjet . 16 - B
c 0.04— [ ] Syst uncertainty + ] = |
g T ] 1.4 -
£ 0.03 iy N = 15 B =@ *aigiet (05%) i<z |
-‘°.§- B | 7 L S5 *b-jet(0-100%) <2 |
< 0021 - > T |
L 80 < Jet p, < 100 GeVic i D: L _
0.01— _ 0.8 - _
i 50-100% 20-50% 0-20% i B =
o) TR T WSV RIS IS WS i 06_ ¢¢ + N
0 50 100 150 ﬁlg:: 250 300 350 400 0.4 _fﬁo 0 ge? . . 8
0.2 — -
CMS PAS HIN-12-004 o4 | | . |
100 150 200 250 300

jet P, (GeV)
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Conclusion

« With the advent of the LHC, AA physics has entered a new era!

abundance of hard probes
state-of-the-art collider detectors

« Arrich harvest of data on high-p; probes already!

strong suppression of particle production at high-p;

No suppression in initial state

strong suppression of jet production

angular dependences

“signs of life” at low jet p; (FF, n broadening,...)

strong suppression of quarkonia = but with reappearance at low p;

strong suppression of heavy flavour production - hints of mass ordering?
hint-ication of angular dependencies in suppression of heavy flavour, quarkonia
suppression of b jets

—> very strong set of constraints for theory!

* High p; Physics at LHC is in full swing!

stay tuned!...
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