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(N Nuclear collisions at the LHC!
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» two successful Pb-Pb runs already some numbers (2011 Pb-Pb run):
— 2010 > ~ 10/ub « ~1.1 108 ions/bunch

— 2011 > ~ 100/ub

« + p-Pb “control” run
— 2013 > ~30/nb

« 358 bunches
— 200 ns basic spacing
e B*=1m
e« L~510% cm2s
- ~ 4000 Hz interaction rate
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C Particle multiplicity

for the most central collisions: ~ 1600 charged particles per unit of n
ALICE: PRL105 (2010) 252301

@ AADS % ALICE 2 pp NSD ALICE log extrapolation fails (finally!)
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Vs\=2.76 TeV Pb+Pb, 0-5% central, |n|<0.5
2 dNch/dn / <Npart> = 8.3 + 0.4 (sys.)
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~)
s Centrality dependence

1 Q :— ® 0 + Vsn=
« model comparisons Nt e 7
. . . < 8- ‘
— DPMJET (with string fusion) =
: § 7t
— HIJING 2.0 (no quenching) 3 b 2% bins
- 3° ~ HUING 2.0 (sg=0.23
o centrallty-dependent gluon = T NS 20 a0
shadowing 3 s o
« tuned to multiplicity in 0-5% € | T Abacetostal.
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— saturation models (N
é 8:— 5 O w® 4 §
- very similar centrality dependence : | s et y 4o 1 %
at LHC & RHIC s Ta
— once corrected for difference in E [+ 4, &
absolute values I 1" 2
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C Azimuthal asymmetry

« to quantify the asymmetry:
—> Fourier expansion of the angular distribution:
1+ 2v, cos(@) +2v, cos(2p) +...

— in the central detector region (~ 90°) - v, ~ 0 & asymmetry quantified with v,

* v, still almost as large as expected by hydrodynamics
— small increase in n/s wrt RHIC?
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s Higher harmonics

* a beautiful phenomenon...

initial state geometrical asymmetries — final state momentum asvmmetries
n=1,2,,45

1015 4 py?2-2.5 GeV/c @
o ++ pissec 1,52 GeVie L
® + Pb-Pb 2.76 TeV, 0-1%
\'J
ERC R
\' . ‘L,/\‘ ++
I AN AN, N
S VY PR
z
2 0.995- ’
099 +4 +
« wonderful tool to study response ., ., . sustcalemoronly
of medium to initial fluctuations 40 1 2 3 4
- infer medium properties A¢ (rad)
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C It shines!

direct photon spectrum
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* “temperature” ~ 300 MeV - largest ever man-made
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o Asymmetrically...?

» direct photon v2 in 0-40% Pb-Pb

X | 0-40%, Pb-Pb, Vs, =2.76 TeV ]
0.2\~ VZERO Event plane % ]
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Particle yields

« thermal model fit * some tension...
— now including 3,H! — especially p and K*
s 3b| = Data:ALICE 0-10% Pb-Pb |y =2.76 TeV
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« different particles have different mass - info on collective expansion

|dentified particles

positive particles — 0-5% most central

Ken'K'p
we e e ALICE, Pb-Pb,\s,, =2.76 TeV

Curves: Hydro (arXiv:1105.3226)

[ ALICE Preliminary
+ 0-5% most central

negative particles — 0-5% most central

[ ALICE Preliminary
+ 0-5% most central

ALICE, Pb-Pb,\ S = 2.76 TeV

Curves: Hydro (arXiv:1105.3226)

* py distributions can be predicted assuming expansion is
“hydrodynamical” (i.e.: one common velocity field)

- OKfor mand K, but p seem to “misbehave” (less yield, flatter spectrum)
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INEN Azimuthal asymmetry
L of identified particles

« comparison of identified particles v,(p;) with hydrodynamic prediction

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

centrality 10%-20%

@n*, v,{SP, |an|>1}

@K, v,{SP, |an|>1}

[ @P. v,{SP lanj>1}

0.2 —hydro LHC " '
(CGC initial conditions)
(/s=0.2)

0.1+

ALI-PREL-2448

—> again, protons are off...
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s Strong quenching!

 Pb-Pb significantly below scaled pp + RAA:

for central collisions (filled points) s
o
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) S R R R A A — minimum around 6-7 GeV (R, ~ 0.14)

P, (GeVic) — clear increase at higher p;

F Antinori - GSI - 23 October 2013



INFN
(%

 significant effect, even at 20 GeV and beyond!

Raa(9)

0.5

Strong angular dependence

Centrality 10-20%

OF ]

ALICE Preliminary

Pb-Pb at \ sy =2.76 TeV

® In plane

o Out-of-plane

—> sensitivity to path length dependence of energy loss
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o Di-jet imbalance

Pb-Pb events with large di-jet imbalance observed at the LHC

S Experifent at|LHC, CERN
=< wDatarécorded: SuniNoy 14 19:31:3
~ 5 7Run/Event:.151076 | 1328520

=" Lumi.section: 249...-4-...

Jet 0, pt: 205.1 GeV

- recoiling jet strongly quenched! CMS: arXiv:1102.1957
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o Di-jet imbalance

imbalance quantified by the di-jet asymmetry variable A, :

J

Centrality 0-10% * Centrality 20-30% |

<

T ¢ /-1 B
G asi ATLAS Preliminary E; > 100 GeV CJHUINGPYTHIA] A= E,—E;, E,>100GeV
i E.,>25GeV ® Pb+Pb Dala —_—

< : RT=2 ;4 O p+p Data ET1+ ET2 ET2> 25 Gev

R=04 |y<28

3 N | ] |

— —— T t
1 Centrality 40-60%

I with increasing centrality:
| > enhancement of asymmetric di-jets

with respect to pp
— & HIJING + PYTHIA simulation

PR I L L L
62 04 086 08 02 04 06 08

PR IR — | —
02 04 06 08
A,

ATLAS: PRL105 (2010) 252303
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s Di-jet A

* no visible angular decorrelatlon In Acp wrt pp collisions!

(a)CMS IL dt= 351 pb (b) IL dt = 671.1b --(c)
T 50-100% T 30-50%
. —+—pp V5=7.0 TeV —s— PbPb \5,=2.76 TeV P,,> 120 GeVic
10 =3 = 3
5 - PYTHIA ——— PYTHIA+DATA Py, > 50 GeVie 3
B Antik, R=0.5 -+ Iterative Cone, R=0.5
©
—
e
=42
= L
510
>
w
10°
AL L e S B |
~(d)

20-30%
107ECcMS, arXiv:1102.1957

Event Fraction

= bl i Ly 1
0 0.5 1 1 0 5
A¢ (rad§

—> large imbalance effect on jet energy, but very little effect on jet direction!
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JetR,,

JetR,,

F Antinori -

1.6
1.4
1.2

-

0.8
0.6
0.4
0.2

2
1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Jet Ryn

GSI - 23 October 2013

T T T | T T T T | T T T T | T T T T | I I T T T T I T T T T [ T T T T l T T T T 1 I T T T T I T T T T I T T T T I T T T T I 1]
(a) EaL) I (@ 3

- CMS Preliminary Bayesian e PbPb \/Syn = 2.76 TeV T ]
- 70-90% Ed 50-70% j Ldt=120ub" I 30-50% E
;.. ........... %%%ﬁ .......... JJI ............ ﬂ ........... _ ........................................................... _ ...........................................................
S _r .§_ - 4
i Y + T eeeoee ‘%‘ —§—+ ] + ]
3 L H H + R e E
- Anti-k, Particle Flow Jets R=0.3 = ES E
S T T T [N TN Y Y SN A TN TN TR TN NN SO SO S | |: Lo v b v v b b o | }' Lo b v v b v by o | ;
100 150 200 250 300 100 150 200 250 300 100 150 200 250 300

Jet P, (GeV/c) Jet P, (GeV/c) Jet P, (GeV/c)
E | T T T T | T T T T | T T T T | T T T T | l: I T T T T I T T T T l T T T T | T T T T | T | T T T T | T T T T I T T T T I T T T T I E
:_(d) Uncertainties =+ (e) _::_ (f) 3
o In|<2 TAA + Lumi e I @ E
- === Total statistical : o ] . 3
3 10-30%  ___ yncorr statistical =3 5-10% E3 0-5% E
- Total systematics —f Ea E
3 - —— e —
3 et .~ S, e . Teee, e, E
E I T T TN N TN SN SN TN AN T TN TN TN NN SO SO S N | |E: Lo v b v v b by o | ;: Lo b v v b v by o | i
100 150 200 250 300 100 150 200 250 300 100 150 200 250 300
Jet P, (GeV/c) Jet P, (GeV/c) Jetp_ (GeVlc)

CMS PAS HIN-12-004

17




~)
s Jet Ry, low pr

« change of behaviour at low p;? it seems to decrease further...

- 1.5 Pb-Pb {5, = 2.76 TeV
o 0-10% Centrality
I Charged+Neutral Jets
Anti-k; R =0.2 |<0.5
Leading charged track p_ > 5 GeV/c
p.  >0.15GeVlc '

1+ " Biased pp reference

CMS RAA R=0.2 0-5%
Read from HIN-12-004-PAS

Sys. Unc. not included {
0.5¢ %‘ crBitL ]
ot
e
ALICE
llllllllllll lllIllPlRElLIIMIlNRIRTI
2 50 100 150 200 250 300
pi';;e'“ (GeV/c)

e caveat: orange and mandarin...
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C Near-side broadening

a) Correlation
4 GeV/c < Priig < 8 GeV/c — 0.8 _"w Can
1GeV/c < P:assoc < 2 GeV/c é ' ” Pb-Pb [Son = 2.76 TeV e —2< P < 3-1< P, < 2 GeVic
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S 18 o, and o, with centrality:
e 1.6%" *+."PRELIMINARY .
= 14% e Strong o, increase for central
s 17 1 g
3 ool collisions
3 o06i
5 o4
z 00 Interestingly: AMPT describes
2 -0.4%
Z s the data very well
1. . .
4 Influence of flowing medium?
N.Armesto et al., PRL 93, 242301
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s Particle composition

* peak excess particle composition similar to pp!

Pb-Pb, \'s,, = 2.76TeV — Peak |

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

ALTGE 0-10% central — Bulk | ’ \ NN ’

i 2.0 << 2.5 GeV/c, [n| < 0.8 .

ay , o BUIk " $ 1 4 __ . Bulk Ratio (-0.52 < A¢ < 0.52,+0.6 < A1) <+1.5)
c . -l ] S R +, 1. :
1.5 o maE n 28000 5 -
- E = B 0 Peak - Bulk Ratio (-0.52 <A¢ < 0.52, -0.4 < A7 < 0.4)
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. —127000 =X 1.2 PRELIMINARY
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ALI-PREL-15474 T,assoc
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J/Y suppression at LHC

.+ LHC:2.5<y<4,p;>0 (ALICE)

g 1.4 - ALICE Preliminary, Pb-Pbys,, = 2.76 TeV, L, = 70 ub"
m % m Inclusive JAy, 2.5<y<4, 0<pl<8 GeV/c global sys.=* 14%
1.2 PHENIX (PRC 84 (2011) 054912), Au-Au|s,, = 0.2 TeV
““H! ALICE O Inclusive Jiy, 1.2<y<2.2, p1>0 GeV/c global sys.=+9.2%
PRELIMINARY
1 L
0.8}
- L2 ]
0.6| s
i @ ] = =
0.2F @ @ @ R:] [a
O-l||l||lll|l|ll]IlllIIllIIlllllllllIlIlI
0 50 100 150 200 250 300 350 400
LI-PREL- Npart

- less suppression than
RHIC: 1.2 <y < 2.2, p; > 0 (PHENIX)

-> centrality dependence is much
weaker! what’s going on?

- c-cbar coalescence?

F Antinori - GSI - 23 October 2013



~)
N Jlg Rya: pr dependence

* consistent with coalescence models

< 1.4
m 3 ALICE Preliminary, Pb-Pbysy, = 2.76 TeV, L= 70 ub™

1.2 ALICE
| PRELIMINARY  m  Inclusive Jiy, centrality 0%-80%, 2.5<y<4 global sys.=+7%

R S

Transport Model (X. Zhao & al., NPA 859 (2011) 114)
—— Total with shadowing
0 8 B == = Primordial J/y
Y Regenerated Jhy
— Total wilhout shadowing
=== Primordial J/y
~oe. Regenerated Jiy

0.6

0.4 _ _____________

L TR L~ & & HppRpp

",
.

..........
L tuiuhainhe

0 RN B SN EN BRI T ST TN I M e 10 102 (0 0 22 o AR TR T SOOI T Y

0 1 2 3 4 5 6 7 8
P, (GeV/c)
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S JIy flow?

« some hint for a modulation...?

~— 1200 5 0.3

2] B I - =c. i % - %
® _ 25 <y <4, 20 S p <40GEVe i Pb-Pb | 5, = 2.76 TeV, Centrality 20% - 60%
c i { - Jy:25<y<4.0, p_>0GeV/c
> 1000F oYTCE > ben 0.2 ALICE ;
y L S i a1 m ALICE preliminary: 6-A¢ method with VZERO-A EP
2 | PRELIMINARY Fit | PRELIMINARY P Y
A !
g. 800 N
e L
© I
4001
| Transport model: R. Rapp et al. (priv. comm.)
200 . 5 78 ToV. coniralite 209600 -0.1 —— Transport model: P. Zhuang et al., b thermalizedL(priv. comm.)
[ O Sy = .76 16V, centrallty 07-00% e Translport moldeI: P. Zhuang et al., b n?t thermlalized (plriv. comm.)
[ 1 1 1 1 l 1 1 1 1 I 1 1 1 1 [ 1 1 1 1 l 1 1 1 1 I L 1 1 1 ] 1 0 1 2 3 4 5 6 7 8 9 1 0

0 0.5 1 15 2 2.5 3 p. (GeV/c)
A =19 - Wep, (rad) !

ALI-PREL-16179 dimuon
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s What about y’?

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

Q10_|llllllllllll]ll]llllllllllllllllllllll_
—s - . Qo 9 [
= [ PbPb |5, =276 TeV . 3‘1 - ALICE inclusive J/y and y(2S), 2.5<y<4
2 9F o 3<p_<30GevVic 16<lyl <24 E S [ PoPbisy=276TeV, L~ 70ub’ .
: ] T lobal : o [T " ALICE
- uncertain oba — C PRELIMINARY
Q 8; PP e ) . N 7 - @ ALICE, 0<p, <3 GeV/c, 2.5<y<4 ’ '
= N ] > | @ ALICE, 3<p_<8 GeV/c, 2.5<y<4
~_ 7F = S J , I
e 'L . 2 6 @ CMS, 3<p <30 GeV/c, 1.6<lyj<24 )
,_'f 6 = £ [ (CMS-HIN-12-007) o
-—:" C — 'g_ 5 - .
= N 7 C
S - . ) - 1
=~ 5 — Y T
» F 3 @) S
o F - - o T [
= 4:_ — . 2 SF o
: x - e
3 3 2F [~ 1 95% CL
2k / = T L{ """"""""""""""""""""""""
1: - : O_llllIllllIIlllIllllIllll[lll]IIlllllll
- CMS Preliminary ] 0 50 100 150 200 250 300 350 400
O-llll[lllllIllllllllllllllllllllllllllll- <Npart>
0 50 100 150 200 250 300 350 400
Npart

- a suivre...
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R Y (1S)

* Y(1S) Raa (compared with J/y Rya)

<14
< - _ ; : -
n: A0 ALICE: Pb-Pb) s, =276 TeV, L = 69 ub”, 25<y<4

A Inclusive Y(1S), p >0 GeV/c [ Uncorrelated syst.
Vv Inclusive J/y, 0<p_<8 GeV/c ‘: Correlated syst.

1.2

PRELIMINARY

0.8
.M gh

- I R
0.4 m
0:"""n-u|....|....|....|....|....|,,,,
0 50 100 150 200 250 300 350 .,
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14 fm

s Heavy Flavours ".'

a very promising tool: probe the system with 1 fm
heavy quarks: ¢ (charm) and b (beauty)

« these are produced in pairs in the initial impact —
between the two nuclei ...

« ...they propagate through the quark and gluon
soup...

« ... and finally emerge carrying out information on
the system properties

F Antinori - GSI - 23 October 2013 26




C Theoretically...

/<

average energy loss dlsTance travelled in the medium

Casimir couplmg factor
transport coefficient of the medium

— R.Baier et al., Nucl. Phys. B483 (1997) 291 ("BDMPS")

Energy loss for heavy flavours is expected to be reduced:

i) Casimir factor

— light hadrons originate from a mixture of gluon and quark jets,
heavy flavoured hadrons originate from quark jets

— Cgis 4/3 for quarks, 3 for gluons
ii) dead-cone effect

— gluon radiation expected to be suppressed for 6 < My/Eq
[Dokshitzer & Karzeev, Phys. Lett. B519 (2001) 199]
[Armesto et al., Phys. Rev. D69 (2004) 114003]
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C Reconstructed D mesons!

- - ™ T
CR s ottt T %
; 0°—=Kx+ i * ; pointing angle® . .
g vl ndhageoony. ! 950 E o I 1
L H i ,
E - .E - E ,1K \Doreconstructed momentum
[ POPD, Gy = 278 ToV 19 “
“":' Contrality: 0-20% ‘ -t g K
s w1088 1 0,008 Owve? 5w 1588 0.002 QeVE w1582 2 0,005 Qe
- o w0017 £ 0.008 Gevie® wr ow 0017 £ 0.008 eV -] o w0083 2 0.005 Qevie?
C S(d)mSst28d ] S(k)nde2z e ] S (3o} m87 215
Pl -t . -ty 1 ,
) t Mass (Kx) (GeVic?) impact parameters ~100 um
% T T T T T T T ‘k
5> o E 8ep<12 GoVio 2
2 [ 2 — 300
e o = = S -
3™ 3 = C . ALICE Perfarmance .
E B - - R 02/06/20 -
e - S 2500 .
5 ¢ - .
1475 £ 0.008 z w1878 0.008 o) L A _
o 0022+ 0006 GeVE? o= 0,002 0,005 Qevie? 3 ®» 200
S()n132238 3 o L _ . . i
- B ¢ :Pb-Pb Data (2.76: T.eV; min. bias) _|
e i : 4iPb-Pb MC {(Hijing;min. bias) i
\ < 150 -
2 3 C 3 ’
3 = ° _
5 8 100 .
L ° _
! . : il ]
3 | 50_ !:zg. |
= (14530 W' - . = (14530 2 L4
:-mz"ﬂ‘:’ﬂ _:, . :-muﬁ:’m‘ B .:‘ x ::“ :’,. T
E %) w83 £ 16 C “*‘ﬁi:: e
0 11
o 1 10
D°, D* and D™ signals in pt bins for 0-20%CC p, [GeVic]

F Antinori - GSI - 23 October 2013




~)

s Heavy Flavours Ry,

< 2_I LI I LI L | LI | LI | | LI L | LI | 1T 1T LI l_ . . . .
<< - . ° +
T 1 gl PbPby sy =276 TeV E indication of less suppression for
16 Bk, beauty?
1 45_ ° Average DO,D+,D*+, |y|<05, 0-750/0_5 1.2_! TT T [T T T T[T I T T[T T T T [T T T T[T T T T [T T T T [TT1 |_
C o with pp p_-extrapolated reference ] 03 - Pb-Pb, {/5, =2.76 TeV
1.9 o Charged hadrons, n|<0.8, 0-10% _1 B
- = Charged pions, m|<0.8, 0-10% : m ALICE D mesonR,, , 6<p <12 GeV/c, |y|<0.5
1 ]- ---------------------------------------------------------------- D Uncorrelated syst. uncertainties

Correlated syst. uncertainties
JHEP 09 (2012) 112

A
EHHE :

0.8

II|III|III|III|IIII

T
I|III|I[I|III|II!#I

06

0.4
O:||||||||[||||||||1||||||||||||1||||||||_ : B
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 J/y RM, 6.5<pr<30 GeV/c |y|<1.2

[] CMS Preliminary Non-prompt J/y syst. uncertainties _
llIlllllIIlllIlllIlllIlllllIIllllIll

50 100 150 200 250 300 350N 400

part

(=]
O

* pr<8GeVic:

— hint of less suppression than for 1 ?
« p;>8GeVic

— same suppression as for ...
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o The D,

« HF in-medium hadronisation!

~ 160
S [ Po-Pb2011ys,=276 TeV, 3.15 x 10° events, p_* > 5 GeV/c
(0] -
2 _I 1T l T T1T l LI I L I LI l LI I T TT l T ]_ E 140 —
e C 0 ] L ALICE
— — 2] - PERFORMANCE
£ 18 .0 B £1200 07/02/2012
S [ "D o5 : i
= C " ALICE ] B
Q 1.6~ @D PRELIMINARY ] 100%
$ [ +D; 0-7.5% centrality ’ i +
@14 Pb-Pb, | 5, = 2.76 TeV soF
B ] C . .-
1.2 — Filled markers : pp rescaled reference ™| 60— D; - ,K K n: +
- Open markers: pp p_-extrapolated reference -] C Centrality 20-40% Mean = 1.983 + 0.004
1 ]_ ........................................................................... _ 40— 2011 run Sigma = 0.014 + 0.005
- & N - Significance (3c) 4.1+ 1.2
0.8 - 20— S (30) 130+ 39
- . - S/B (30) 0.15 + 0.04
I~ . O_III||IIII|||||||II||II|||I|II|||I||III|||||||
0.6 » ] 188 1.9 192 194 196 198 2 2.02 2.04 2.06 2.08
N ] Invariant Mass KKn [GeV/c?]
0.4+ —
0.2f U %;ﬂ::ﬂ: -
O C | | I | .| I | .| | L 111 | | .| I | .| | | .| I | .| N
0 5 10 15 20 25 30 35 40
P, (GeV/c)

* a hint of strangeness enhancement?

* more stats needed!
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INFN
C D meson v,

* Hint of non-zero v, » theory must describe
— consistent with strong coupling of simultaneously v, and R, ...
c to medium
6\ _IllllllllllllII]III]IIIIIII]IIllllll_ a 2_""[""[""|""I""I""I""I""_
a 0'42_ Pb-Pb  ys=2.76 TeV] E’_ 1.8 :_ Average D°,D* D™ _E
= 0aF ALICE Centrality 30-50%  J S - ly|<0.5 ALICE .
8 F . < 1'65_ 0-7.5% centrality 3
> 0.2F = o -45— Pb-Pb,\ S=2.76 TeV
E N E 1'2:r— _E
0.1— = o D =
C .5 ] 1 ﬂ Filled markers: pp rescaled reference |
0 2_¢_" ] . :_ Open markers: pp pT-extrapoIated reference _:
- e D’ EP2A¢bins +- ) e .
0.4 Aichelin et al, Coll+LPM rad T {07 ]
o = Beraudo et al, Langevin HTL . > ]
- WHDG rad-+coll - . TR =
-0.2[~- - - Rappetal. Empty box: syst. from data | C .
=== I BAMP|S I | | Filled tl)ox: syst.I from B fleed-dowF: ' -
0O 2 4 6 8 10 12 14 16 18 % 510 15 20 25 30 35 4C

pT (GeV/C) ~——— NLO(MNR) with EPS09 shad. pT (GeV/C)

Rad+dissoc (0-20%)

WHDG rad+coll

w= + POWLANG (Beraudo et al.)
BAMPS

----------- BDMPS-ASW rad §=25

- = =« Rappetal.
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 tricky, but can be done...
* 2-in-1 design...
—> identical bending field in two beams
- locks the relation between the
two beam momenta:
p (Pb) = Z p(proton)
=> different speeds for the two beams!
 adjust length of closed orbits! b i
— to compensate different speeds = T L
 different RF freq for two beams at injection and ramps ..
* short low lumi pilot run (a few hours) on 12/9/2012 !
e first run in Jan-Feb 2013! .;::::j.,, s
> ~30/nb ) |
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L'ﬂw chh/dn

T I I T l—

4

8 15 :
% 10 HIJING: -
-+ ALICE NSD g} no Shéegj. .
- —2.1s=0. -
- Sat. Models: I -
5 —- |IP-Sat BB2.0 no shad. ]
[ --- KLN — BB2.0 with shad. i
[ rcBK e DPMJET i
1 I 1 1 1 l 1 1 1 I 1 1
0 -2 0 2
T]Iab

« saturation predictions seem to have too steep n dependence...
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/) arXiv:1307.1094

INFN : o,
C P> V8. Ny G i
» pp: weak s dependence
06 Iii u_. pp collisions
* p-Pb follows pp for N, < 15 o Hesmw
- 90% 0} In pp 048y =576 15 20 25 .3‘0 35 40

— 50% o in p-Pb - _NCT
— 18% in Pb_Pb 0sF ALICE, charged particles 1

 for N, > 40, p-Pb ~ // Pb-Pb

~ 1% 0 in p-Pb
- 70% |n Pb'Pb f":::;' epp\s=7TeV

05k mp-Pby\s, =5.02TeV ]

APb-Pb\|s =2.76 TeV
0 45 ||||||||||||||||||||
70 20 40 60 80 100
Nch
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ALICE, arXiv:1307.1094

INEN pp,p-Pb,Pb-Pb
< > VS N g Fpp Vs=7TeV 4 ]
. 0 1F ALICE,charged particles
L-/ pT Ch g p ¢ Data 43’ PP Inl<0.3, 0.153;T<12.o GeVic ]

Colour
reconnection! ]

PYTHIAS, tune 4C ]
¢ without CR
& with CR

« Color reconnection very
important to describe
<pr>In pp

« DPMJET, HIJING,

AMPT fail to describe ~ m D,
<pr> in p-Pb and Pb-Pb |
* SUperOSition Of ' 4 i O DPMJET :
independent pp awer
collisions (Glauber L abec

approach) fails in p-Pb
and Pb-Pb

« EPOS (1.99, v3400,
collective effects by £ .
parameterization) in the B/ Pb-Ph P° \Su-276TeV
right ballpark (p-Pb) . vl

Ney

Nch

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

S SR R SR ST TR
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o Gluon shadowing...

 different parton distribution functions in protons and nuclei

14
12+
1.0
0.8 F
06 F
04|
02}

x = fraction of
nucleon momentum
carried by gluon

(2,Q°=1.69 GeV?)

R

L4
121 i
10 om0
08 F -

06

0.4 |—= This work, EPSO9NLO_|_
L s HKNO7 (NLO)

£ 02 ——— DS (NLO) T

100 GeV?)

@.Q

R

00 _41llllllll3lllllllll 2lIIIlIlII llllll -4.Illl I3Illl Izllll ] llll[
10" 107 107 10 ) _ _

T T T

e a priori, large uncertainty [K J Eskola et al: JHEP04(2009)065]
- measure p-Pb collisions!!!
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o Control experiment: R p,

« measurement of nuclear modifications in initial state

1.8F p-Pb |5, = 5.02 TeV =
1.6]- @ ALICE, NSD, charged particles, fn, | <0.3 .
1.4 -
12 :

IlllllllllllVll]lllllll]lllllllllll[lll

ALICE, charged particles
e p-Pb \s, =5.02TeV, NSD, | ncmsl <0.3
= Pb-Pb \s,,, =2.76 TeV, 0-5%central, | n|< 0.8

1

|Yllllallllv

Saturation (CGC), rcBK-MC
0.6 Saturation (CGC), rcBK

Keo) —: 0.4 I saturation (CGC), IP-Sat . . :

o - E 1

f 1.2 -] 1.8~ I Shadowing, EPS09s () =

m B B H B H E E : 1.6 ;_ LO pQCD + cold nuclear matter =

1 RS, R gooled ~

o 0.8 E g E E o " ;

o Y- N

0.6 H@MHEH@Q 09§ & N ;

: 1 0.4 , . . . . , —

0.4 - 18F HWING 21 oo ]

. 1.6F .. DHC, no shad. E

0.28 (T g m 5 = - 1,4§— "%, ——DHC,noshad. indep. frag. -

o v b by b b s by by s by v by ay | 1.21 ——. ,:; ‘vv", y 11 A A - ‘%E$¢F

0O 2 4 6 8 10 12 14 16 18 20 osf e OH = £

p. (GeV/c)

T 0 2 4 6 8 10 12 14 16 18 20

P, (GeV/c)
* R,a~1forpr>3 GeV/c > confirms quenching is due to QCD medium
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NN R pp fOr charged jets

! e ALICE charged jets pPB 5,02 ToV |
§5 [ anti-k, jets R=0.4, ||<0.5 j
. Charged Jet Spectrum in - sk :efer;nce: Scaled pp jets 7 TeV ]
. . . . ~L e— stematic uncertaint |
minimum bias p'Pb with ant|'k'|' L (Igrgely correlated) Y -
for R=0.2 and 0.4 in |n,,|<0.5
n . " 1
. Reference spectrum for pp  Uncertainty reference +
using 7 TeV data and scaled 0.5
with PYTHIAG (Perugia 2011) [ JALICE
. No sign of nuclear modification % a0 60 5 e oy
. Nuclear modification factor ° —r 1 . -
. . . . . - | —e— ALICE charged jets p-Pb 5.02 TeV
consistent with unity within e [ —o— prHas Perugia 2011 pp 502 v
. . T - anti-k; jets, |17|<0.5 =
Iarge uncertainties g | —— :'I;tli(::ft::htarg:g:d(j)e;s pp 7 TeV
. - < T jets, |n]<0. ]
. Jet structure ratio consistent S ]
with that in pp 8 I
0?:'. 0_5%
- [ Systematic uncertainty
CE
M " M | " N N | o o . |
% 40 60

80 100
peh (GeV/c)

T,jet
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INFN R ey for D

D 2.4: T T T T I T T T T I T T T T T T T T I T T T T :
8 22F ¢Average I, D", D" O =
o, 6000 - g E —pQCD NLO (MNR) + EPS09 shad. E
% :D‘.—> K.n:*n:** and charge conjugate, 2<pT<24GeV/c 8 L . .CGC (Fuji-Watanabe) paFELI;}CNFEq B
= “min. bias p-Pb, \s,,, = 5.02 TeV, 102 M events £1.8F p-Pb, (5 =5.02 TeV
— 5000 <% C JTNN ) ]
3 B 7 C 46 minimum bias e
4000/ 1.4 —
s peﬂkfﬁ,fce Significance (3c) 59.7 + 0.8 12 - =
B 6/07/2013 S (3c) 7166 + 133 “E .
30001— S/B (35) 0.9926 1 - = — — —
N 1 = 1.869 + 0.0003 GeV/c? " J = 'l— T3
N o = 0.010 + 0.0003 GeV/c? 0.8F =
2000|— - J .
0.6 i
1000t g 3 E
Invariant Mass (Knrt) (GeV/c?) 0.2F =
G: 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 :

0 5 10 15 20 GeV/ 25

i ev/c

. Reference constructed using P, (GeVic)

data at 7 TeV scaled by FONLL . Ryp, for D-mesons consistent and
unity (within large) uncertainty

. both CGC and shadowing
calculations describe the data
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NN R pp for J/y

mbg.1 4 g W - p-Pb \s,,=5.02 TeV, inclusive J/y—u*y, pT>0 _'_
\ JALICE
1.2
. Uncertainty on Ry pp, dominated |- s
by uncertainty of pp reference 05
(constructed by interpolation) I o Ty
i sy
0.6 \
O 4 E_ EPS09 NLO (Vogt, ali)(fv:1301.3395 and priv.comm.)
. -- (E:f:s(sF;!:hec;zlog;’s('é;\gl?/:rﬁilo et al., arXiv:1212.0434)
" —— EPS09 NLO + ELoSs with q,=0.055 GeV“/fm (Arleo et al., arXiv:1212.0434)
O. 2 - EPS09 LO central set (Ferreiro et al., arXiv:1305.4569)
EPS09 LO central set + ¢, _= 1.5 mb (Ferreiro et al., arXiv:1305.4569)
EPS09 LO central set + o, = 2.8 mb (Ferreiro et al., arXiv:1305.4569)
0—lllllllllllllllllllllllllllllllllllllllllll
.  Comparison with models 4 8 =2 1 0 1 2 3 4

cms

. Good agreement with models incorporating shadowing (EPS09 NLO)
and/or a contribution of coherent parton energy loss

. CGC model (Fujii et al.) disfavored by the data
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INFN R.pp for Y(1S)

) Pb-p | Sy =5.02 TeV ALICE
> e
60 - il o -
S ALICE VA e =270 o T o p-Pb |s,, = 5.02 TeV
o [N Tiorzens -~
S Ny sy = 152£19 "l Iy ALICE
~ o PRELIMINARY]
2 . M, s = 9.45+0.02 GeV/c? X A
3 Oy s, = 0.159+0.022 GeV/c? | ey T S SR ——
@ g N o iy S meeeeaa.
¥3/ndf = 0.80 sl Bl Ll IS
os)— § = TTTTeeeeaalll. S
20 8 %
- ad -
06— o Inclusive Jy—pp, p >0 ek
0‘4:_ o Inclusive T(1S)-p’'y, p >0 .
%7 14 15 L ELoss with q,=0.075 GeV*/fm (Arleo et al., arXiv:1212.0434)
m (GeV/cz) 02__ ....... Y(1S)
iyl <l
[ eseees. I
. Reference constructed by i BT i i s ol
] ) -4 -3 -2 -1 0 1 2 3 4
interpolation -
o (4 pPo (B =502Tev
. . 1 2:_ e Inclusive J/y—u'w, p >0 RLICEY
. combined dataset provides strong 2L o Inclusive Y(1S)ou'i, p>0
constraints to models! e e
0.8} - = =
- :s'—u—'%ﬁ-—‘-*
0.6 Y2
0.4}
N CGC (Fuijii et al, arXiv:1304.2221)
0.2(— Y(1S)
- J

o

1
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s The Ridge

2 < Pryig <4 GeV/c

2<p.  <4GeV/c p-Pb | s, = 5.02 TeV 1< pT,assoc <2 GeV/c

Ttrig

1 P e < 2 GOVIC D\ 020% 20% highest multiplicity

Near-side jet
(Ap ~ 0, An ~ 0)

Away-side jet
— (A¢ ~ =, elongated in An)

1/ Ntrig dz_Nassoc/ dAT]dACP

Near-side ridge
(Ap ~ 0, elongated in An)

PLB719 (2013) 29

* in addition to near side peak and away-side recaoil...

... there’s an additional near side ridge in p-Pb
first observed by CMS [PLB718 (2013) 795]
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INFN The Double Ridge

« Can we separate the jet and ridge components?
PLB719 (2013) 29

— in 60-100% no ridge seen, similar to pp
- what remains if we subtract 60-100%7?

0-20% 60-100% 2<p,,, <4GoVic

p-Pb\s,, =5.02 TeV
| \(0-20%) - (60-100%)

2<py, <4 GeVic p-Pb s =5.02 TeV 2<p,, <4GeVic p-Pb |5, =5.02 TeV 1<p <2 GeV/c
1< rassoc < 2 GeV/C 1< P aesoc < 2 GeVic 60-100% T,assoc
oo ol !
§.§— A § g N A — L)
4 \ — Zu = 0.4- 11 — -
< /’ 3 :
ol e £ 0.85
< / \ ‘-!Z: ) ~
A 0.2+ \ 9Ol o
N\ 8 4 g
2 Z& T 0.80;
oS -
- ) 0.751
2 1 0 pet < 9

» the ridge is doubled!
first observed by ALICE, then confirmed by ATLAS

- the origin of this structure is still unknown!
-2
a similar structure observed in Pb-Pb is attributed to hydrodynamic flow!

CGC-glasma graphs also produce symmetric ridges!
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o Ridge harmonics

* long-range —p-Pb structures can be expressed as harmonics

«0.20
>“ i v, v, p-Pb\s,, =5.02 TeV
>N L ®@ O 05< P i < Prassoc < 1.0 GeV/c
B 1.0< P e <P assoc < 2.0 GeV/c
01 5 '__ + : /<; 2.0 < pT:": < pT:“soc <4.0GeV/c
0.10F + + £ L
e #
| |
0.00—550% 20-40% 40-60%
Event class

—> substantial v, (and even v;...)
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|dentified particles

* how does the correlation depend on the particle species?

0.25

p-Pb |5, = 5.02 TeV

v,{2PC, sub}

02 (0-20%) - (60-100%)
mh AT
0.15
* K eop
0.1
=
0.05 s L

AL LAMLY LAAAS RARL) AL
!
*.
i
T
4
alenely

|An| > 0.8 (Near side only)

lllll

My

L1l

|

|
|

lllllll

* remarkably similar to Pb-Pb...

« whatever it is we are on to something big...

Pb-Pb
o 0.25 — -
> v,{SP, [ani1) 3:{5“",-,1?\?]?;"2';61 Pb-Pb \s,, = 2.76 TeV 10-20%
B [I]K L}x ® o i
(w]p [¢)p+p + o
0.2/ i -
I ‘f‘ '
o8 .
0.15( ...:l..,,‘: .
Lt " . o
B C L
.t o o
0.1_ -..l o Y
"
IS .y o
l. n .
0.05 o " o8
a2 ”n
B
. ‘..‘ PRQLEEICNQERV
| 1 T
% 1 2 3 a 5 6
P, (GeV/c)
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N ...and how about the pp ridge?

« CMS has observed a near-side ridge in high multiplicity pp

(d) N>110, 1 .OGeVIc<pT<3.OGeVIc

» is it doubled on the away-side?

 how about the harmonics?

R(AN,A¢)

« particle id dependence?

[CMS, JHEP 1009 (2010) 091]
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h Centrality in p-Pb*?

e can geometry be related to multiplicity?

TPC+ITS

L LTracks In| < 0.9 m some estimators (ALICE):

« CL1: cluster in 2" pixel layer
pp ° VOM:VZERO-A+C multiplicity

......................... ==1I=" S @ammm - VOA: VZERO-A multiplicity

N
1| VzERO-A '
VZERO Scintillators
2=340cm =-90 cm
28<n<5.1 -3.7<n<-17
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INFN
(%

<N,> from Glauber seems not

Centrality biases!

Multiplicity per N,/ Mean NBD

to be the right scaling variable for®,.. E AR e D
usual centrality estimators %??1.6;_* o PPOVOMIZE <N S5 & (3TN <AT) g S
§ 1.4?""'_._ =
ié' 1.2~ +""'__:.-++—o—_._ —
T 5 F Rl e o S E
MUIt|pI|C|ty per N = 1':'A~A—A—A—A—A—A—A—A—A—A—A—;’_-;‘;-:g_—A-_A_ r
part 0s-(N o L B
- - s£(No bias in 0-80% PbPb) -+ =
strongly biased in p-Pb o.j ° ) T
0.4F- __:__::: =
0.2 s
In HIJING mean NN impaCt 00:' - '1Io' . '2lo' - '310' - '410' - 'slo' - IGIOI - '7|o' - 'elo' - '910' ':'.ﬁoo
parameter increases in peripheral _ R L
collisions Mean NN impact parameter
E . .E
~>softer collisions than average? =~ "“F
g 1.3 L
1_22— T
. . 1.1 :_ I o SR S L
veto for high-p; processes in low 't
multiplicity classes... b3
0.9
0.sE: Peripheral . . central
0 5
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) 0. ( poscent)= d N**/d p,
INFN Qpr (nOt Rpr) pA.pT’ Al Nilflubethpp/de

—— g%l A p-Pb at | sy, =5.02 TeV —— %M% p-Pb at | s, = 5.02 TeV
— Q- ?, nl< 0.3 ( gggf/p nl< 0.3
& CL1 ]

common syst. error ('l r] |_'<_1 4) P‘QLLIEICN:RERY — CO’.'“mO"' syst. error VO M pRHELI;EI?aERy

—
=3 cent 60-80% normalisation err =3 cent 60-80% normalisation error
e~ Sb

_(2.8<n<5.1) & (-3.7<n<-1.7)

n
T T T T T
N
T T

I

—

-
T T T T

. it ++_*_:’: T
T B e e ———
P s
——

Q= IN/0p, / (TS do/dp.)
Qo= IN"/dp_ / (TS do, /dlp.)

- Ll Ll Ll - ll-.—lllllllllll[ | Illl 0|[lllllll‘]lllllljllllll]llllllllllllllllll
4 6 8 10 12 14 16 18 20 =22

O s 10 12 4 16 18 %owzz 0 2
pT( = _ Glauber <dePb/de>cent Pr (ceve)
R g%"ég% p-Pb at | s, = 5.02 TeV QPPb,C@"’_ (N ) dep/de
L —:— ': ? nl< 0.3 I
- gz Z . Not an R p, measurement!
o == B VOA ALICE , g
- . not 1 in absence of nuclear effects!!!

[—] comtrggnsgx/st' omalisati 8 5 T LIMINARY
cent 60-80% normalisation @ < r] < i)(

spread reduces: CL1—-VOM—VO0A

P — S | | _
T == I . jetvetoin CL1, less in VOA
e T

Q= AN/dp, / (TS o /dp.)




)
INFN

C

« add N_,, Pythia events

— Ncoll from Glauber

 slice in multiplicity
— just like real data

* high pT bias ~ incoherent
superposition of pp!

- Glauber Ncoll x pp:
not the proper pA ref.

Toy model: Glauber + Pythia

= [ — }5(1% p-Pb at |/, = 5.02 TeV
S [ s i< 0.3 %
8 [ — g; f
- | —+ 80 %
§ 2 EEE cCommon S)ést error HLICE
g ﬁ - |:-l_£ent 60-80% normalisation error —l— PRELIL‘INRRY
e - - ooootTT—?—+ it _T__l_
[ T e,
= snee ® @ T"""%'*'—?——;
f\ ..'Q‘ll.ﬁft i—.—H—*_ ® ®
°
I
& Banpy »
oa —‘—+_._L_,__?_+—‘— » .
0III|IIl|III|III|IlI|IIII_!T.I_i_l*I_m_1_I.II_III
0 2 4 6 8 10 12 16 18 20 22
T(GeVIc)

—> full dynamical biases must be taken into account!
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C Conclusion

« the LHC has ushered in a new era for ultrarelativistic AA collisions
— abundance of hard probes
— state-of-the-art collider detectors (ALICE, + AA capabilities in ATLAS, CMS)

* Run 1: two major discoveries...
— new regime for J/p production - evidence for recombination!
— double ridge in p-Pb (and pp?) - signal of collectivity? saturation?

e ...+ rich harvest of other results
— heavy flavour: indications of flavour dependence of quenching (finally!)
— jets:
 very strong quenching: R,,, FF “flat” up to highest available jet energies
+ “signs of life” at low p; (Raa, FF, broadening)

— photons:
high “inverse slope” direct photons with v, ?!

* next: dig deeper!
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s ALICE Outlook (i)

« 2013-14: Long Shutdown 1

— complete Transition Radiation Detector
— install Di-jet electromagnetic CALorimenter (DCAL)

« 2015-17: Run 2 - complete approved ALICE “1/nb” programme

— Pb-PDb, pp rare triggers int lumi: Run1 x 10
* high stats jets and di-jets (to 100-200 GeV)
- high stats quarkonia (J/y v,, central J/y, Y)

— PDb-Pb, pp min bias: Run1 x 10
* increase stats for charm, id particle correlations, event shape engineering, ...

— p-Pb: Run1x 10!
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s ALICE Outlook (i

« 2018: Long Shutdown 2
— ALICE Upgrades (new beam pipe, new ITS, high rate, ...)

« 2019 - ...: ALICE 2.0!

— continuous read-out = 10/nb min bias (Run 2 int lumi x 10, Run 2 min bias x 100-1000!)
- heavy flavour: A, D, B, “dream” stats D

—> quarkonia: high stats y’, x., Y(2/3s), ...

—> virtual photons: thermal emission, v,!, chiral symmetry restoration

- jets: detailed study of fragmentation (id. particle, HF tagging, correlations, ...)
- other collision systems (p-Pb, Ar-Ar?, ...)
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Thank You!
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