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Ultrarelativistic AA Collisions

basic idea: " Pb = bl
compress large amount of energy in small volume
—> produce a “fireball” of hot matter:

temperature O(10? K) -

— ~10%x T at centre of Sun
— ~ T of universe @ ~ 10 ys after Big Bang

Y
-

 extreme conditions: how does matter behave?
—> study the fireball properties

— QCD predicts state of deconfined quarks and gluons
(Quark-Gluon Plasma)

— evidence for deconfinement already at lower energy
(CERN-SPS, BNL-RHIC)

— LHC: controlled probes - properties of QCD medium
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Nuclear collisions at the LHC

« large cross-section for “hard probes” S I
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Heavy lons in Run 1

2010/12/06 2135 LHC 2011 HI RUN (3.5 Z TeV/beam)
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day of year 2010 26 27 28 29
Week in 2011
(generate d 2011-12-20 08:08 including fill 2351)
» two successful Pb-Pb runs already some numbers (2011 Pb-Pb run):
— 2010 > ~10/pb « ~1.2 108 ions/bunch

— 2011 > ~150/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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Geometry of a Pb-Pb collision

« central collisions
— small impact parameter b
1b — high number of participants = high multiplicity
v 5 « peripheral collisions
b

— large impact parameter b
— low number of participants - low multiplicity

for example: sum of the amplitudes 2 F oo
in the ALICE VO scintillators ——> &gl
reproduced by Glauber model fit (red): N
— random relative position of nuclei in MW%M B 5‘5" bl
transverse plane 151 T =
— Woods-Saxon distribution inside ol § § E § é _
nucleus N Y B -
— simple model of particle production 1079 5000 10000 ';/'Z;El'ggoio;‘;;it'u'd;'%gogo)
— deviation at very low amplitude peripheral central
expected due to non-nuclear @
(electromagnetic) processes @
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Azimuthal asymmetry

... In the transverse momentum
distribution of produced particles

. N . . ’? :'
why is it important” Reaction

 non-central collisions are plane

asymmetric in azimuth
azimuth = angle in the plane of the screen

— transfer of this asymmetry to momentum space provides a measure of the strength
of collective phenomena

» Large mean free path

— particles stream out isotropically, no memory of the asymmetry
— extreme: ideal gas (infinite mean free path)

« Small mean free path

— larger density gradient = larger pressure gradient - larger momentum
— extreme: ideal liquid (zero mean free path, hydrodynamic limit)
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Azimuthal asymmetry

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

— in the central detector region (8 ~ 90°) - v, ~ 0 & asymmetry quantified with v,

« experimentally: v, ~ as large as expected by hydrodynamics

~ 0121777

> - ]
0.1 —— I ~
0.08F 4#-#*%5} h‘}' I E
T iy B U % :
006 i -
I S I RN T )
- & v,{q-dist} _
0.04 - ;‘-’ L V,{LYZY .
" S [ Luzum 1¢s=0.08 (Glauber) i
0.02 __& -------- Luzum 1/s=0.16 (fKLN) ]
s Heinz 1/s=0.20 (fKLN) 7]
o-‘a...l....l....I....I....l....l....I....-

0 10 20 30 40 50 60 70 80

centrality percentile

F Antinori - SEWM 14 - EPFL - 15 July 2014




Higher harmonics

e a beautiful tool...

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

10157 4 py'?2-2.5 GeV/c @
o ++ pissec 1,52 GeVie L
® + Pb-Pb 2.76 TeV, 0-1%
\"
:1;1.005—— ‘ +
- VN +
\'"/ “ ‘L,/\‘ ++
N VANV ), TN N 4
S VY PR
z
< 0.995— ’
. o 0991 +¢ +
« connects final state distribution ., ., . sustcalemoronly
to initial state fluctuations, via 40 1 2 3 4
medium transport A¢ (rad)
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The QGP shines!

* p7 spectrum of (direct) photons emitted at LHC
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« “temperature” ~ 300 MeV (- largest ever man-made, btw...)
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Particle yields

« ~thermodynamic equilibrium
— T~156 MeV
— now including 3,H!
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eeie T=156 MeV, " =1 MeV, V=5400 fm’
_ T 164 MeV u _1 MeV v 4499 fm3
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Data-Model in units of ¢

'
W

e ... but with some tension
— especially p and K*

= Data: ALICE, 0-10% Pb Pb \/EN_ = 2 76 TeV =

A.Andronic et al. Thermal model . z
T=156 MeV, V=5400 fm®, W= 1 MeV '

- A
A 01 PreawmaRvy
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=3 —_—t
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« origin of deviations?
— feed down from resonance decays?
— sequential freeze-out?
— non-equilibrium freeze-out?




High p+ suppression

« production of particles at high p-
— above 2-3 GeV/c, say

* is expected to scale like the number of
binary nucleon-nucleon collisions:

dN dN
d— = <Ncoll >d—
pT AA pT pp

« can be modified by nuclear effects

— e.g.: particles can lose energy when traversing
the QCD plasma fireball (“jet quenching”)

—> suppression of particle production at high py

« define a “nuclear modification factor” Ry,

dN

de AA

)N
dp; o

in the absence of nuclear effects > Ry, = 1

RAA =

(N

coll
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Strong quenching

« Pb-Pb significantly below scaled pp * Rua
for central collisions (filled points)
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L B — minimum around 6-7 GeV (R, ~ 0.14)
P, (GeVic) — clear increase at higher py
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Strong angular dependence

Raa(9)

0.5

significant effect, even at 20 GeV and beyond!

Centrality 10-20%

Pb-Pb at \'$

OF ]

ALICE Preliminary
=2.76 TeV

NN™#

® In plane

o Out-of-plane

—> sensitivity to path length dependence of energy loss

F Antinori - SEWM 14 - EPFL - 15 July 2014

1 11 1 l L1 1
16 18 20
P, (GeV/c)



Dependence on particle species

» particle mass / type (baryon/meson) dependence of quenching
— e.g.: proton enhancement

{ T T
. 1355,4 o 5/ Pb- Pb \sNN_ 276 TeV -
l x'ﬁ% o T+ _
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—> sensitivity to hadronisation in medium
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Raa for vector bosons

» electroweak probes, on the other hand, are unmodified
—> (essential cross check!)
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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
~S—/Hun/Event:.151076 | 1328520

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

Jet 0, pt: 205.1 GeV

- recoiling jet strongly quenched!
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Di-jet imbalance

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

J

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

<

T ¢ /-1 B
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g : . 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
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PR N T -
02 04 06 08
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ATLAS: PRL105 (2010) 252303
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Di-jet Ag

* no visible angular decorrelatlon In Acp wrt pp collisions!

L L L L L

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

JetR,,
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Jet v,
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ATLAS-CONF-2012-116

« substantial azimuthal asymmetry up to highest jet energies!
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Jet fragmentation is modified

» ratio of Pb-Pb and pp Fragmentatlon Functions
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Where does the energy go?

* look at missing p; projected on leading jet axis

V "|1|" — Z _P?ad( COs ((PTrack _ (PLeading ]et)

Tracks
LANNLINNL LR (L DL DL BN L ANL N BL N INNLINL BN B N L BNL B B L L I UL UL L I L L
:(c) In-Cone : @ Out-of-Cone
- CMS0-30% AR<08 | AR=0.8
<U. R
401~ Pb+Pb \'s,=2.76 TeV I )
- f Ldt=6.7ub" + =
. 20 -+ , 5
G R 1
> B [ v + P ) | T
() L ” . E
S o ;
A . .
- 9'"- n ® >05GeV/ic iy
20 ] 0.5-1.0GeV/c 2
- 1 1.0-2.0GeV/ic -
_ [ 2.0-4.0 GeV/c ]
40 [ 4.0- 8.0 GeV/c -
C BN > 8.0 GeV/c ]
T BTET R EE S B SN B R B A NN ENE SN EE SN SN TS EN A A B A B A A
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
A, A,

[CMS: PRC 84 (2011) 024906]

» the energy reappears, degraded, outside of the jet cone...

F Antinori - SEWM 14 - EPFL - 15 July 2014



Particle composition

* peak excess particle composition similar to pp!

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

* QGP signature proposed by Matsui and Satz, 1986
-+ QQ potential screened in QGP for r > A, (Debye length)

—> binding suppressed for states with r > A,

04 [

E T
. . R0.6
» substantial suppression at SPS & RHIC -
— effect similar at the two machines
J/y nuclear modification factor R, ,
g -t L
®1.21-; 02 |
I v #  NAS50 normalized top+p|
Ul i35 o iz [ 0.1 |
ey S Curu 08
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0.8 5::‘ . O d+Auy|<0.35 0 P B
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J/Y suppression at the LHC

« LHC (ALICE, 2.5<y <4, p;>0)

g 1.4 : ALICE Preliminary, Pb-Pbys,, = 2.76 TeV, L, = 70 ub" .
o - m  Inclusive J/y, 2.5<y<4, 0<p.<8 GeV/c global Sys.=* 14% - |less suppression than RHIC
1 ok PHENIX (PRC 84 (2011) 054912), Au-Auysy, = 0.2 TeV
B pRFe'L';EICNgERY O Inclusive Jiy, 1.2<y<2.2, p>0 GeV/c  global sys.=+9.2% (PHENIX, 1.2 < y < 2.2, pr > O)
1 il foenessnaisaasnnitasisassntnassnainnssnnssasisasionnnassnaisnstanstasssassanssasioaienatacsinasanssanssatisatenetnet snasanasansradseaisantrad soad
0.8 - weaker centrality dependence
o.6F LI _
HEM_ = e > new regime wrt RHIC!
0.4 B & o - c-cbar coalescence?
3 ¢ @
0.2 : & R;] &
O -l 11 I I 11 1 1 | L1 1 I ] 11 1 1 I 11 1 ! I 1 I 1 l L1 1 1 I | I -
0 50 100 150 200 250 300 350 400
ALI-PREL-16347 Npart
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J/Y Rpa: pr dependence

* decreases with p « at RHIC: opposite behaviour

1.6F..Liuetal - O PHENIX

1.4 ——— S
mé A ALICE Preliminary, Pb-Pbysyy = 2.76 TeV, L= 70 pb" 18" —.Zhao, Rapp (a) 0-60% [O® STAR  (b) 0-20% |
1.2 aLICE 145 ] I

[ PRELIMINARY o |nciusive Jiy, centrality 0%-90%, 2.5<y<4 global sys.=% 7% 1.2
1 s iisiianisainniinnisanisaisaininainisinissnisiniiiaisaisiisiniinaisasianiseiieisteitnsinaisaiisaisnisusissasidsiniissassaieinaisinisniiniionainissniy 1
i Transport Model (X. Zhao & al., NPA 859 (2011) 114) 0.8
— Total with shadowing 0.6
0.8 [ - - - Primordial Jiy 04w
M E ~oe Regenerated Jiy
R — Total wilhou! shadowing 50'2
0 6 —_ === Primordial J/y m 1.8
or «.ne. Regenerated Jiy 1.6
5 1.4
0.4 .....-a---..u......m---.. A 1.2
:"“'"""'""" o =1l 1
R SRR R anLTrTTIT 0.8
0.2 f 0.6 o EFH

0.2

0 "l T T lllll‘.‘{"r" beatostanon Lo 1

0 1 2 3 4 5 6 7 ¢
P, (GeV/c)

[STAR, arXiv:1310.3563]
* consistent with coalescence models!
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JIp flow?

« some hint for a modulation...?

% 1200 s 09 Pb-Pb 2.76 TeV, Centrality 20% - 60%
E i % 2.5<y<4.0,2.0 < p <4.0 GeV/c i § -. ) ;S:N = 4-06 e > OZ‘S/:Y 0% - 60%
= I ® Data I y:25<y<40, p >
P 1000 aITCE — Fit 0.2 ALICE g ALICE preliminary: 6-A¢ method with VZERO-A EP
el | PRELIMINARY - PRELIMINARY
5 i
o 800F
3 |
© I
4001
[ Transport model: R. Rapp et al. (priv. comm.)
R 0.1 — rt model: P. Zh t al., b thermali iv. .
200r Pb-Pb {8y, = 2.76 TeV, centrality 20%-60% ! rensport model 7 Zhuang et al, b fhermalizec (priv comm)
i l Translpon moldeI: P.Zhuang et al., b n?t thermalized (priv. comm.)
[ 1 1 1 1 l 1 1 1 1 I 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 I L 1 1 1 ] 1 O 1 2 3 4 5 6 7 8 9 1 0
0 0.5 1 1.5A 2 2£ 3d pT (GeV/c)
= - r
ALI-PREL-16179 (P ¢dimuon EP2 ( a )

 more statistics needed!
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Bottomonium suppression

g 1 .4 T | T | T T T I T I T I T T T | | T T I T T I

0C [ CMS Preliminary 0-100%
1.2 ~ N
= PbPb {5y = 2.76 TeV :
1_ * Prompt y(2S) (6.5 < p, < 30 GeV/c, ly| < 1.6) -
C v T(3S) (|y| < 2.4), 95% upper limit i
08% r(2s) (yl<24) -
= Prompt J/y (6.5 < p, < 30 GeV/e, ly| < 2.4) ]
0.6/ Y(1S) (lyl < 2.4) —_
0.4(- Y{1s) 2
- . J/W _
0.2—y(2S) Y(2S) ]
i Y(3S) & i
0 i 1 1 1 T 1 L1 l 1 1 1 l 1 L1 l 1 1 1 l L1 1 i

0 0.2 0.4 0.6 0.8 1 1.2

Binding energy [GeV]

» stronger suppression for less bound Y states
— very efficient melting: Y(3S) not measurable (upper limit only)
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Charm and beauty: ideal probes

« study medium with probes of known colour charge and mass
— e.g.: energy loss by gluon radiation expected to be:
— parton-specific: stronger for gluons than quarks (colour charge)
— flavour-specific: stronger for lighter than for heavier quarks (dead-cone effect)

« study effect of medium on fragmentation
— (no extra production of c, b at hadronization)

— independent string fragmentation vs recombination
— e.g.: D*,vs DO, D*

* + measurement important for quarkonium physics
— open QQ production natural normalization for quarkonium studies
— B meson decays non negligible source of non-prompt J/Ay
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R,a: Flavour Dependence!

< 2_IIIIIIIII|IIII|IIII|IIII|IIIIIIIIIIII_
< _ ] . . .
T 4 8L Pb-Pb, sy =2.76 TeV 4+ indication of Rys(b) > Raa(C) !
- oy

1.6:_ O . _: }1.4_IIIIIIII|IIII|IIII|IIII|II|||IIII|IIII—
1 ab e Average D",D",D", |y|<0.5, 0-7.5% - o L m  ALICE Preliminary D mesons il
'r o) with pp pT—extrapoIated reference ] 2—_ 8<pT<16 GeV/c, |y|<0.5 ]
1 2:_ o Charged hadrons, n|<0.8, 0-10% —: L & CMS Preliminary Non-prompt J/y 4
- = Charged pions, m|<0.8, 0-10% . B 6.5<p_<30 GeV/c, |y|<1.2 r
] = N CMS-PAS-HIN-12014. |

_ B — - — BAMPS, D
] = e BAMPS, B — J/vy 7
- B — + — WHDG, D 7
] 0.8 o |l| = e WHDG, B — J/y —
] C TR — . — Vitev rad+diss, D 7
e i R s Vitev rad+diss, B - J/y |
. 06— |ff-.. H ''''''''''' B ................ B
:I 111 I 1111 I 1111 I 1111 | 1111 I 1111 | 11 1 1 ] L 11 I: 0-4_— ,' % ...:"...“...............'.'.'.'.'.'.'.'.:':.:':':'-.'-.':‘:"-".115B _—
%510 15 20 25 30 35 40 - 1 Q@ w ]
p, (GeVic) I '~ = S,
0.2~ e - N 1l
¢ pr< 8 GeV/c: ~ Pb-Pb, \ sy =2.76 TeV T —
_IIII|IIII|IIIl|IIII|IIII|IIII|IIII|IIII—

0

— hint of less suppression than for 1 ? 0 50 100 150 200 250 300 350 400
Dr > 8 GeV/c PP (NIoal " weighted with NCO”>
* T

— same suppression as for ...
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D meson v,

—===  Beraudo et al, Langevin HTL

o WHDG rad-+coll T
-0.2=--- Rappetal.

~
'
R )

EERENT

 indication of non-zero v, » theory must describe
— consistent with strong coupling of simultaneously v, and Ry, ..
c to medium

6\ _IllllllllllllII]III]IIIIIII]IIllllll_ D 2:""I""l""|""I""I""I""I"":
ol Pb-Pb  |s\=2.76 TeV4 o ~ Average D°.D* D™ ]
= 1.8F ]
g Centrality 30-50%  J S - ly|<0.5 ALTOE ]
S : Q;K 1'65_ 0-7.5% centrality —E
> = o 145 Pb-Pb,\ S=2.76 TeV
: 1.2%— ]
A E Wy T ———
] . - Open markers: pp pT-extrapoIated reference |
- e D’ EP2A¢bins -¢- I ]
0 1-_- ------ Aichelin et al, Coll+LPM rad -OH _:

II |III III 111

Empty box: syst. from data

e I BAMP|S I | | Filled tl)ox systlfrom B fleed dowI
0 2 4 6 8 10 12 14 16 18 % 5 10 15 20 25 30 35 A4c
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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Parton shadowing...

« complication in interpretation of Pb-Pb results:
different parton distribution functions in protons and nuclei

1.4 | T T T R
12+
10

0.8 F
06 F
04 |
02}

x = fraction of
nucleon momentum
carried by parton

(2,Q°=1.69 GeV?)

R

14 |
12 |
10

08 F

0.6 I
04 | === This work, EPSOONLO_] | 04
| e HRNOT7 (NLO) 4
£.02 ——=— nDS (NLO) T 7 02
1 I|||||l| 1 ]|||[||| 1 |l|||||| L 1 IIIIIIII 1 |||||l|| 1 |||I|||] L1l 1 |l|||l|| 1 |I]|l|[| 1 l|l|||I| L
0-(10-4 10° 102 107 3 3 . 2 1 . 4 .3 .2 1 00
xr xr xr

[K J Eskola et al: JHEP04(2009)065]

100 GeV?)

(z.Q=

R

—> uncertainty on “trivial” nuclear effects baseline
- measure p-Pb collisions!!!
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- ~30/nb

p-Pb collisions in the LHC!

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

first run in Jan-Feb 2013! o
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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 3
1.4 -
1.2f

1

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

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

0 —: 0.4 ;_ I Saturation (CGC), IP-Sat
o - -
f 1.2 -] 1.8~ I Shadowing, EPS09s ()
m B B H B H E E : 1.6 ;_ LO pQCD + cold nuclear matter
- 1 JL B 5 R 7 I | E """""""" ] - 141
£ 08 g o 2%
Q Y- ] E
0.6 H@MHEH@Q 809 & o ;
: 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. -
TENE INEN IS AN SN AN RSN AN SN AN AN AN SN A AN SN AN NN SNUTEN S BN AT AN AT I: 1.21 ——.,:; e 11 A L g %$¢F
0 2 4 6 8 10 12 14 16 18 20 oof. e, ¥ B
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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High-p; puzzle!

* high-p; R, from CMS: enhancement??
— similar picture from ATLAS (not from ALICE)

2 [ T TTTT I T T T T TTTT | T T T T TTTT _[
.~ CMS, ni<t : . t not for jets?
1.8 e ATLAS, <1 - = but not for jets”
1.6F S — PP /5, = 5.02 TeV PbPb {5y, = 2.76 TeV
. [ _|III|I|I|III[IIII|IIIIIIIIIIIIIIII[IIII_
1.4;— a [ 778 Inclusivejet R (0-100%) [n, | <05
| 12 :_ _E N T *  Inclusive jet RM (0-5%) ml<2 7
o) L
5 MF -
m : — —
0.8 ; -
C P ] o I:]I:I o "oo o 0
0.6 :-_Z - — [Tt Bocoos I 1 O WP |
0.4 - }
B 1 — see, ot . I
0.2F PPbys, =5.02TeV, charged particles ] = o
O:IIIIII 1 I[lIIIIl 1 IIII||I| :I _IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIII
1 0 50 100 150 200 250 300 350 400

10 10
p, [GeVic] p, [GeV/c]
* results rely on interpolated pp reference...
- need pp data at 5 TeV!

a suivre...

F Antinori - SEWM 14 - EPFL - 15 July 2014




R pp for Heavy Flavours

* D mesons « HF muons

I LA B B I 11T I T I L L I I LI

- ALICE p-Pb, {5,,=5.02 TeV

8 ]

Q. -
m 1 6—_ . —_ g I_l Ll Ll l Ll L) L} l T T T I T Ll T l T L T I I Ll Ll Ll l Ll T T l_
OF —=— AverageD’, D", D" - <, .F p-Pb \ s, = 5.02 TeV, u*« c,b decays
B -0.96<y _ <0.04 ] 25 -
1.4 cms _] N o 25<ycms<354 N
" ] - ALICE Preliminary .
1.2F - 2r E
0.8- - N ]
Gyl _ o -
0.6 - 3 .
' ] 0.5 —— NLO (MNR) with EPS09 shadowing -
04 . CGC (Fujii-Watanabe) E L systematic uncertainty on normalization ]
- . i PP BT B | 1 vl | IPETET BPRTE B
0.2f- == PQCDNLO (MNR) with CTEQEM+EPS09 PDF % 5 4 5 8 IRV SRR

[ - Vitev: . +k_broad + CNMEI ]
C 1 1 1 1 II e:/ f”iwler ICC)Irr 1 1 TI Irola 1 1 1 l 1 0ISSI 1 I 1 1 ] p (GeV/C)

%Y 5 10 15 20 25
P, (GeV/c)

- Pb-Pb suppression not due to initial state
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J/p in p-Pb

R, pp, CONsistent with shadowing

pr-integrated

0.8

0.6

0.4

0.2}

p-Pb \s,,=5.02 TeV, inclusive NETTZE STV 0<’°r<15 GeVic

- 4 - e
Li¢ (4.46<y _ <-2.96)=6.8 nb”, Lim (2.03<y__ <3.63)=6.0 nb

p-Pb \sy\=5.02 TeV, inclusive J/y—u*u

4
ycms

C e ALICE: 0<pT<15 GeV/c, (arXiv:1308.6726)

e LHCb: 0<p <14 GeVic, (arXiv:1308.6729)
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Ropos Apopo

0.4

0.6F

0.2}

ot

R, pp back to 1 at high p;

— opposite behaviour for Pb-Pb!

ALICE inclusive Jy—p*u

[e—1

® p-Pb: 2.03<ycms<3.53, \ Syn= 5-02 TeV (preliminary)
@ p-Pb: -4.46<ycms<-2.96, \ Syn= 5-02 TeV (preliminary)

A Pb-PD:25<y_ <4, |s,,=2.76 TeV, 0-90% (arXiv:1311.0214)
IIIIiIIIIillllIIIIIlIIIIlIIII

0

1 2 3 4 5

< LHCD joins the Heavy-lon club!

6 7 8
P, (GeV/c)




W(2S) in p-Pb

e surprise: more suppressed than J/y! -

— how can shadowing (initial state) do that?
— at odds with shadowing in Pb hemisphere

Ko}
D:nd 1.8 :— ALICE, p-Pb \s\,= 5.02 TeV, inclusive J/y, y(2S)—u"p
r A Jy
1.6k
1.4
1.2
1r /’ """ e -
: :1%%\\\\\
0.8 \\\\\\\\\\\k\m\\\\\\ =
- \\\\\\\\\\\\\\\\\\\\\\\\\\\&\’\’\( T
0.6 = $ \\\\\\\\\\\\\\\\\\\\\\\\\k\\\%i <,
0.4 —@_&\\f&@
" [ = EPS09NLO (Vogt) \\\\
0.2 77 ELoss with g =0.075 GeV?/im (Arleo et al.)
L \lEPSOQ NILO + ELolss with 7 =0.055 (.IEeVZ/fm (ll-\rleo et aII) | |
OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5 4 3 2 4 0 1 2 3 4

- indication of final state effects?
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mult
pPb

Q

more “active” events - larger effect

— i.e.: effect increases with multiplicity

6 [ Inclusive J/y—u*, p-Pb |s,,=5.02 TeV, 0<p <15 GeV/c
| = 203<y_ <3.53,p-going direction
1.4 o -4.46<y_ <-2.96, Pb-going direction
1.2 . ’ﬂ E]
1 (o] - l
i Fﬂ H ALICE Preliminary
0.8
i [=]
[ : (W]
0.6 (=] (=]
| | | | |
80-100% 60-80% 40-60% 20-40% 10-20% 5-10%

ZN Energy Event Class




Bottomonia in p-Pb

* Y(1S) ~ OK with shadowing « excited states more suppressed
< B B o 8 el

¥ 95% upper limit ]
ALICE PRL 109 (2012) 222301

PRELIMINARY)

i b E‘ p$>4GeV/c ]
.......... Ll b iy sy ssr9999ssssnannmnnnnananannnnann a 1
........... 0oL, > 777, o
............ SRERERRELERRRRERIKKKK K, Gl —_
R rsessersatbireosssssabitesssososuteti 38 %)

—
(¥
LI

T I IHIiN il E 0.8 _+_ p_ P b + ]

N o F ]

- # Zosel -
06" o Inclusive JAp—u'w, p_> 0 (JHEP 02 (2014) 073) =vor ]
o4l @ Inclusive Y(1S)—=u'w, p. >0 (preliminary) 0.4— ]
- EPS09 at NLO (Vogt, arXiv:1301.3395 and priv.comm.) B i
02 EZzZZZA Yas) 02 ¢  Pb-Pb -
- Y JAp - T ]

0 _l 11 I 11 1 1 I 111 1 I 11 1 1 l | I - I [ e B I 11 1 1 I | e e Y | I | I - I 11 1 n L |

4 3 2 1 0 1 2 3 4

Y. Y(2S) Y(3S)
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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 N\ 2% 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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2< g
1< e

assoc (rad")

dAg

1=

d?N,

rig dA

"|z‘

The Double Ridge

Can we separate the jet and ridge components?
— in 60-100% no ridge seen, similar to pp
- what remains if we subtract 60-100%7?
60-100%

0-20%
2<p,. <4GeVic p-Pb | 5,y = 5.02 TeV 1< Py pgs0c <2 GeViC

| 60-100%

[ALICE, PLB719 (2013) 29]

p-Pb\s,, =5.02 TeV

2< P i < 4 GeV/c
| \(0-20%) - (60-100%)

p-Pb \ s, = 5.02 TeV

| 0-20%

1 2d
0 Loued

P < 4 GeV/e
Py assoc < 2 GeVie

1.4+

1.2

1.0+

2 A

» the ridge is doubled!

> the origin of this structure is still unknown! )

similar structure observed in Pb-Pb is attributed to hydrodynarﬁic flow...
CGC-glasma graphs can also produce symmetric ridges?
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|dentified particles

* how does the correlation depend on the particle species?

p-Pb Pb-Pb
o T ket 0.25 -
e : p ;b Vsiulc:oz T;v > 0s(Nearsideony) > V5P, 1) ATREI2055T61 Pb-Pb |s,,, = 2.76 TeV 10-20%
- - - NN = 9+ . - (W= (o]n
%&) 0-2: (0-20%) - (60-100%) _JL : =5 o5 + e * i
= - mh AT B e 0.2 mk +
0.15 -~ ‘zg ’
B * K ep . ®
01f o : T ] 0.15 o Rl
L ]
: * '——lr——: ..:..“ <
C o - ] - 8 .
0.05 — == = .-.. L] °
F R ] 0.1~ S 2
0"....1....|....|....|....1....|....|....|- .y
0.5 1 15 2 25 3 35 4 : "y #
p, (GeV/c) o o
0-05_ It - -.
a2 - ”n
B
B i
. ‘.‘ PRQLEEICNQERV
| 1 s g j
% 1 2 3 3 5 6
« p-Pb remarkably similar to Pb-Pb. p, (GeV/c)

— where particle species dependence is attributed to collective flow!
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Multiparticle correlations

« V2 calculated with higher order cumulants

| T T T T | T T T T l 1 1 I 1 | 1 T I T 1 I I | I I I 1 I I I 1 I I 1 1
- PbPb |s, =276 TeV T pPbys, =502TeV
0,10 03< P, < 3.0 GeV/c; nl ;2é 500 0 ol 03< P, < 3.0GeVic; Inl<2.4 .
o © 1
o) LI
5 . & BT
T 0 0000 ]
N *' 00 ©©° opP
= ¢ T 0=y :
0.051119O O V{2 An>2y o0 i
O
A O v.{4} 1 [lt_| ‘ 'i' i i'l' + [b |
+ v6) 1 [}, ]
| ¢ v{8} 1
Pb-Pb e v i{LYZ} p-Pb CMS Preliminary
| 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 100 200 300 0 100 200 300
offline Nof'fline
Nlrk trk

« again: p-Pb very similar to Pb-Pb
« azimuthal asymmetry is a true multi-particle effect, in both systems!
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Multi-strange baryons

* p-Pb smoothly bridges =, Q abundances from pp to Pb-Pb values!

ALICE Preliminary

GSI model
T = 156 MeV

THERMUS 2.3 model
T, = 155 MeV

Ll 1 1 Lol

A

1] U -

ALICE

p-Pb \s,, =5.02 TeV
VOA Mult. Evt. Classes (Pb-side)

A ppis=7TeV

= Pb-Pb|s, =276TeV

—_ X10-3 —_ X10>3
E . - ALICE Preliminary E -
+ F + 1
E 6 & [
ZF H H H =
—~ | — 0 8 —
' RN Q|- SR | AR S £
I SE i B 0 H IS
o) 4 - H H ALICE o 0.6—
- . PPDys,=502Tev =2 [
3 VOA Mult. Evt. Classes (Pb-side) 04 -
- GSI model Y PP \s=2900GeV o
2r T, = 156 MeV -
C A ppis=7TeV 0.2 B
1= THERMUS 2.3 model L
b T, = 155 MeV = PbPby|s, =276TeV -
0 C ' 1 1 Ll Ll l 1 L 1 ' Ll 1l l 1 1 1 1 Ll Ll I 0 B
10 10° 10°
N _/dn )

ch ™~ Tlab’|n_ |< 0.5

—> onset of collective effects in p-Pb?
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Conclusions

« 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? parton saturation?

e ... One outstanding puzzle...
— is R,p, €nhanced at high p;?
e ... *+rich harvest of other results

— system still very close to thermodynamic equilibrium and ideal hydro behaviour

— strong jet quenching, up to highest jet energies
no evidence of angular decorrelation
angular dependence: sensitivity to path length dependence

— indication of parton mass ordering in heavy flavour quenching
— hints of final state effects in p-Pb? (@(2S) in p-Pb)

« the future looks bright = stay tuned!

— Run 2: O(10) increase in statistics, int lumi
— Run 3: O(100) increase, ALICE 2.0 upgrade!
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Thank you!
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Particle yields

« ~ at thermodynamic equilibrium... <« at RHIC?
— now including 3,H! — some tension too?
— higher precision needed...

10°

f

Pb Pb ﬁ ~2.76 TeV

dN/dy

102

dN/dy

R  \[5y=200 GeV

1021 » ] BEE

PRELIMINARY

10
| Fgo

107

102

T o sTAR , ?
. ; ; 1 b g

O PHENIX
s BRAHMS

10} | % BN
-—— Model, x*/N,=31.6/12 P P ]

T=164 MeV, p,= 24AMeV v—1 950 frep ©

Data AL!CE 0- 10% |

: AAndronlc et al.: Thermal model ,
i T=156 MeV, = 1 MeV, V=5400 fim
_ T=164 MeV, K, _.1 MeV, V=4499 fm’

1073
10

10°

._.
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S i Ili'i'.'.';d"'I';'i}'{gjj'”}"}'i'{.'.'.}l"'"."}'i'{.'{.'.l'"'}"}'i}'{ujj""{'}'i}'{uj'"}"}]I{Lul

/3\H —> § He + 7:) as;sum!ng BR=25%

10

rn KK KK pp AT E QQd 3H : ._ '
(B.R.=25%) nt K Kpp AA = E Q ¢ d d K*Z* A* *He/°He

F Antinori - SEWM 14 - EPFL - 15 July 2014




The D,

« HF in-medium hadronisation!

D 2 B TTTT I T TTT I LI I T 1T I T TTT I T TT I T TT I T TT ]
= B 0 :
g’ 1.8~ AD —
- mp* -
S [ "D |y<05 ]
O 1.6 — @D * PR@LEETSERY ]
$ [ +D; 0-7.5% centrality ’
@14 Pb-Pb, \ sy =2.76 TeV
1.2 :— Filled markers : pp rescaled reference —:
- Open markers: pp pT-extrapoIated reference ]
L ]
. ]
0.8 =
0.6 =
04 — ]
02 o %zwzzﬂz -
O : 111 | I 111 | I 1111 | 1111 | | - I 111 | 111 | I 111 | :

0 5 10 15 20 25 30 35 40

P, (GeV/c)

* a hint of strangeness enhancement?

* more stats needed!
F Antinori - SEWM 14 - EPFL - 15 July 2014

2
—_ —_ -
n B [e2]
(=) o o

Entries / 8 MeV/c

—_
o
o

T I+|

80

60

40

20

o
—_

Pb-Pb 2011s,,=2.76 TeV, 3.15 x 10° events, p," > 5 GeV/c

ALICE
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+
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Significance (3c) 4.1+ 1.2
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