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Cahier des charges

e Comparaison des meérites des difféerentes manips, dans une
optique de perspectives... (Thomas)

e My biases:
— Putting in perspective of what is done at LLR
e Electroweak bosons, quarkonia, open heavy flavours, jets...

— But still trying to cover the rest
e Collectivity, particle identification

— Reviewing observing capabilities, probe by probe

— No time for debating the physics cases
e Wait for Elena

— Betting on the future
— lllustrating with the past
— Not forgetting RHIC is still running...
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Some definitions

e Centrality
— Related to impact parameter
— Measured via final multiplicity
— High centrality = hotter plasma

e Azimuthal anisotropy v,
— Initial lenticular shape ’ ’
— creating a pressure gradient T e
@ o—,
— more particles in the reaction plane
* Nuclear modification factors R,,

v, = <cos 2¢p>

— N_,; = number of N+N collisions ~ o ~
— Hard probes supposed to scale with RAA —
N_, in absence of medium effect dNPPX N,
- y,
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Complementary programmes

RHIC, up to AuAu @ 200 GeV LHC, up to PbPb @ 2.76 TeV

-

2001-09 AuAu, dAu, CuCu...

2010-11 AuAu, pp Scan Dec. 2011 Pb+Pb 2.76 TeV 150 pb™?
2012 UU, CuAu, pp Top Mar. 2011 p+p 2.76 TeV 230 nb™*
2014 AuAu, He3Au Scan Jan. 2013 p+Pb 5.02 TeV 35 nb™?
2015 pp, PAu, pAl Top Fev. 2013 p+p 2.76 TeV 5.4 pb™!

(*CMS numbers)
@ RHIC, varying the species and energies

@ LHC, getting higher energies and luminosity
— Same N_,, scaled luminosities for pp, pPb, PbPb
(as many Z’s and W’s, modulo the Vs dependence)
— Lacking a pp reference for the pPb 5 TeV run
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Recorded luminosity

Period Energy CMS or ALICE ALICE LHCb
ATLAS central muons

Dec. 2011 Pb+Pb 2.76 TeV 150 pb! 26 pb~1(a) 69 pb! 0 (b)
Mar. 2011 p+p 2.76 TeV 230 nb™! 15 nb™1(c) 20 nb71(c)

Jan. 2013 p+Pb 5.02 TeV 35 nb™? 12 nb™! 12 nb™! 1.6 nb™!
Fev. 2013 p+p 2.76 TeV 5.4 pb™! ?(c) (120 nb™?) ? (d)

a) Alice central : difficult to quote, really depends on the observable (26 ub-
is the maximum | found for 2010+11 data, either through a dedicated
signal trigger, or through a top centrality 0-10% trigger)

b) LHCb expects to collect 50-70 ub~" of PbPb collisions this year

c) Alice pp samples are limiting (instead, use of 7 TeV, FONLL, LHCb...), the
2013 being for now unused...

d) LHCb pp should not be a problem (rare decays...)

- We shall expect that ALICE and LHCb will keep
on recording lower luminosities than ATLAS and CMS
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Complementary detectors

LHCh — Concrete complementarity example
—— Published J/y coverage in pPb
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Complementary detectors

LHCh — Concrete complementarity example
——— Published J/y coverage in pPb
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acking . . .
lumi counters terminated ERC ®) + FA associated theorist

* LHCb (FF, via LAL, welcoming an ERC ©)
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The LHCb special case (1/2)

Pb+Ne @ 54 GeV
— SMOG aka System for =10 Jiy

Measuring Overlap with Gas
— p (3.5 TeV) on gas = 69 GeV

— Possible gas: He(4), Ne(20),
Ar(40), Kr(84), Xe(131)

dN/dM
30

72950 3000 3050 3100 3150 3200 3250 3300 3350

— Pressure 10®to 107 mbar August 2015: 12 hours
— Competition: keep an eye on p+Ne @ ~110 GeV
upgraded STAR... > =300 J/yp
Expectations (for 2015): S
— 3 days p+Ar (20 000 J/ ) o
— 21 days Pb+Ar (15 000 J/y) o
20£—+ »FI"“ |

M(uu) (MeV/c?)
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The LHCb special case (1/2)

Pb+Ne @ 54 GeV
— SMOG aka System for =10 Jiy

Measuring Overlap with Gas
— p (3.5 TeV) on gas > 69 GeV

— Possible gas: He(4), Ne(20),
Ar(40), Kr(84), Xe(131)

dN/dM
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Pressure 107°to 10~/ mbar August 2015: 12 hours

— Competition: keep an eye on p+Ne @ ~110 GeV
upgraded STAR... N =300 J/y

Entries 601

Expectations (for 2015):
— 3 days p+Ar (20 000 J/ )
— 21 days Pb+Ar (15 000 J/U)
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The LHCb special case (2/2)

PbPb collision mode
Starting in 2015

50-70 pub~!expected (half
what CMS already have)
Cautious and gradual start

Can lead to parasitic collisions
near ALICE and degrade beam
lifetime

Key question: can LHCb cope
with the most central
collisions?

50-100% should work (eq.
PbNe)

But 10 times more multiplicity
in the most central...

21/10/2015
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The LHCb special case (2/2)

PbPb collision mode

— Starting in 2015

— 50-70 pb~!expected (half
what CMS already have)

— Cautious and gradual start

— Can lead to parasitic collisions
near ALICE and degrade beam
lifetime

— Key question: can LHCb cope
with the most central
collisions?

— 50-100% should work (eq.
PbNe)

— But 10 times more multiplicity
in the most central...
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Fleuret @ CSLLR, Manca @ QM’15

Fleuret & Massacrier @ Etretat’15
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Summary

ALICE ATLAS LHCb

Charmonia

Charm OO

Jets 00O cooMoNl @0
©000 o

A probably-biased and certainly-simplistic view of experiment potentials

Conclusion: Complementary programme, all experiments will be useful
in the future (but see what LHCb can really do...)
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Insensitive to the QGP
standard candles of
heavy ion collisions

ELECTROWEAK
BOSONS
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Z & W bosons in PbPb scale like N
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W* and W~ in pPb collisions

pPb 34.6 nb Sy = 5.02 TeV
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CMS, 1503.05825, accepted by
Alice Florent PhD thesis
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EWK bosons

Rarest objects seen in heavy-ion collisions so far
Acceptance and luminosity matter a lot

- ATLAS and CMS leading the show

Same reasoning applies to high-p; photons, jets...

And will apply in the future: higher-p;, Z+jet and top quarks
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Are they melting in the Quark-Gluon Plasma?

QUARKONIA...

21/10/2015
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Raa(1S) = 0.425 + 0.029 + 0.070
Raa(2S) = 0.116 + 0.028 + 0.022
R,A(3S) < 0.14 (95% CL)

Three bottomonia Y(nS)

CMS, PRL109 (2012) 222301 and HIN-15-001

Ordered suppression of the three Y states > Sequential melting
(and half of the Y(1S) is coming from higher state decays...)
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ST i ] Three bottomonia Y(nS)
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CMS, PRL109 (2012) 222301 and HIN-15-001

ALICE, PLB738 (2014) 361

Ordered suppression of the three Y states > Sequential melting
(and half of the Y(1S) is coming from higher state decays...)
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Upsilon kinematical dependences

PbPb 166 ub™, pp 5.4 pb™ ISy =2.76 TeV V'Syn = 2.76 TeV
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The Y(1S) suppression seems flat with p; and rapidity
Simple, different than J/y, constraining models...

CMS, HIN-15-001, Nicolas Filipovic PhD thesis

ALICE, PLB738 (2014) 361
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J/W from RHIC to LHC = ALICE @ low p-

Raa

Inclusive J/y — u*u’, Pb-Pb ys,,=2.76 TeV, Au-Au \s,,=0.2 TeV
global syst.= + 15%

B ALICE, 2.5<y<4, pT<8 GeV/c
| O PHENIX, 1.2<lyl<2.2, pT>0 GeV/c global syst.= + 9.2%
I |T@
i I
Sl
- & s -
9 centrality S . = i
_lIIIIII I llllllll IIIIIIIIIIIIIIII
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<Npart>

PHENIX, PRC84 (2011) 054912

ALICE, 1506.08804, already in
PRL109 (2012) 072301

J/p are less suppressed at LHC than at RHIC
An indication that they are formed again from
uncorrelated cc pairs (about 100 in a central collision)
> Regeneration = reconfinement, hence deconfinement
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J/U from RHIC to LHC=CMS @

high p;

Raa
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J/y are less suppressed at LHC than at RHIC at low p+
J/y are more suppressed at LHC than at RHIC at high p-
(where regeneration is unlikely)
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What is going on with the lesser bound {’?

Q.5.0_IIII|IIlIlIIIIIIIII|IIII|IIII|IIII|IIIIII___ ]
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N
Much lower S/B for the g’ (ALICE = CMS) i

Expected to be more fragile, a lower suppression is a surprise...
But large uncertainties, new data is necessary!
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Charmonia & Bottomonia

ALICE ATLAS _ LHCb

Charmonia OO

Bottomonia © © OO _

Charmonia: Alice published landmark publications on J/y down to p; =0
Caveat: low statistics at midrapidity, no separation of the non-prompt at forward
LHCDb has a potential to do this much better (best resolution, vertexing)

Bottomonia: CMS is the best (resolution, acceptance, luminosity, p; inclusive,
manpower...) LHCb has a great potential (but luminosity...)
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How sensitive to energy loss
and medium collectivity?

CHARM & BEAUTY
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Charm @ LHC = ALICE ! EpALICE preliminary also
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Alice measures D mesons, almost down to 0 GeV/c
Thanks to Pid (D° > K1, D%, D*, Dg)

21/10/2015 raphael@in2p3.fr - lons lourds - Prospectives LLR 26



Beauty @ LHC =CMS ! versus charm from ALICE, 1506.06604
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[ Flavour dependence
0.6 of jet quenching?
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b quarks of much higher p-: b-jet

PPb {5 = 5.02 TeV PbPb {5y = 2.76 TeV
llIIllllllllIIIIIIIIIIIllllllllllllllll 2.5 7 T Tr—T71 1T T "17T""7T 7T T "1 ""T"
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Jets coming from b (second vertex), looks like inclusive jets...
— as suppressed (R,, = 0.5)

— not suppressed in pPb (RpA ~ 1) CMS, PRL113 (2014) 132301 (Matt’s)
(but more coming from gluon splitting) CMS, HIN-14-007
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Open heavy flavours

ALICE ATLAS _ LHCb

Charm OO

At this point, open heavy flavours is lead by ALICE (charm, thanks to PID)
and CMS (beauty, thanks to vertexing)
LHCDb, with PID + vertexing, has the potential to do both
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Jet quenching: first LHC surprise in PbPb
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ATLAS, PRL105(2010)252303

CMS, PRC84(2011)024906
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ATLAS & CMS are after jets since day 1

Looking inside |ets

Jet fragmentation (longitudinal)
ATLAS-CONF-2015-055

E r T T Trrrry] ] -. T L 2 ™ 1.5
< , fATLAS Preliminary I
Pb+Pb 0-10%
1.6 Ml <2.1 %,:
g
1.4 Jet pT > 100 GeV g 1
1.2 =
e -
1 ........................... 4.. .......
—I—I-I-.' 05
0.01 004 0.1 0.2 0.5

V4

11 Zﬂ?dtse(r.rb)p%‘mk

p(r) - ;Njelszins p’;‘

Jet shape (transverse)
CMS PLB 730 (2014) 243

_'];ms POPY, &y =276 TeV | |

L dt = 150 pb” ]
- anti-k; jets: R=0.3 1
+

++
+

P > 100 GeV/c |
0.3 < <2

p‘T’“" >1 GeV/ic

02
r

PR I S T T S AN TR T S S
0.3

+ Excess at low p; and large angle clearly a feature of jet quenching
« Modest modification of jet structure at small angle & medium to high p
« To what extent is this due to quenching changing the g/g fraction?
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Jets
ALICE ATLAS | CMS |  LHCb

Jets ©OOO OO +©

Since the first and early observation of di-jet imbalance,
reconstructing full jets in heavy ions is a playground for CMS & ATLAS

Little sister ALICE also playing, and the only to do hadrochemistry in jets
(K’s, Lambda...)

Future: Repeat all jet measurements in a less biased way with gamma-+jet
Also Z+jet, trijets... Disentangle quark/gluon, and heavy quarks...

21/10/2015 raphael@in2p3.fr - lons lourds - Prospectives LLR 34






All running after collectivity in all systems

Summary (1/4) collectivity

pPb looks a lot like PbPb, and as hydro predicts!
Strong v, from multiparticle correlations

Similar mass ordering

v, depending on n in pPb

Same v, versus multiplicities

Same factorization breakdown [e. &u-soetevL-1wt =
Similar HBT radii (5 fm) .
and the spectra are better

reproduced by generators incl.
hydro (EPOS) >

-
o
-

NO Ok~

—_— EPOS LHC
== Hijing 2.1

1/Ng, N / dy dpy [(GeVic) ']
aa

High-multiplicity pPb

-
<
-

o
Q
)
o
()
(&)
(&)
W
©)
)
o
L
(\I“
v
v
N
N~
(@]
(90)
Y.
=
x
@©

collisions show collectivity!

pr[GeVic]

C
Y | Raphael Granier de Cassagnac 21 Qu RGAC, CMS overview, QM'14
Larger part of the talk...
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Collectivity

CMS “ridge” in pp @ 7 TeV in 2010, found back by ATLAS et al @ 14 TeV in 2015...
Signs of collectivity in pPb collisions (CMS a bit ahead...)
Here also, acceptance matter, and ATLAS and CMS go down to low p...
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Alice in wonderland

Gunji, ALICE overview, QM’15

A Large lon Collider Experiment

ALI

b AT @0 1

e
%_.

CE

@

Vs e
—r ==

—r e

QM201

L T et

{

and more and

1

more....
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One example: Anti-atoms in the TPC

S = 2.76 TeV

negative particles

Pb-Pb, 2011 run,
1000 T

TTTT
_—

]/IIIIIIIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIII

@113,

1
1.

T LI I
H)

T
He ALICE
PERFORMANCE
July 4™ 2012

15225335 4
%‘: (GeV2ict)

o
Y
ol
N
o
w

m, (GeV/c?)

: -8 ALICE .
b %HeTis === CPT prediction 1

» d-d

,
P (T TR ST N .
-0.002 -0.001 0 0.001 0.002

A(m/Izl)/(m/1zl)

*He-He

——

——+6—— DOR65 d-d .

——6+— DEN71, KES99 |

-0.1 005 O 0.05 01 -1 -0.5 0 0.5
A(m/lzl) _ Ae _
— _ AA AA
(m/izl), €a

Testing CPT invariance - Publishing in Nature
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ALICE, Nature Physics 11 (2015) 811
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Particle Identification...

e B

ALICE in Wonderland...
- Hadrochemistry, exotic nuclei, charm...
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Summary

ALICE ATLAS LHCb

Charmonia

Charm OO

Jets 00O cooMoNl @0
©000 o

A probably-biased and certainly-simplistic view of experiment potentials

Conclusion: Complementary programme, all experiments will be useful
in the future (but see what LHCb can really do...)
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BACK-UP SLIDES...
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Counts (per 10 MeV/c?)

Keep an eye on STAR...

Particle Identification

x10”
e F
- Au+Au sy, = 200 GeV = FSTAR preliminary AutAu @ 200 GoV 0-60%
TPC PID 2 ,‘,', Goomn
F Y W'
ZJ/LIJ uu lyl<0.5, pY>1 GeV/c
= S/B=1:226
N, = 4004

MTD

Significance = 11.5¢

+

TTTT[TTTT[TTTT]

s

: ) 0
I : STI‘\R Preliminajry - RHIC Y?ar 2014 - +R'+M3 (274)
‘_‘3‘ L ‘_\2 _‘1 g . : Le s ‘2‘ L .3‘ . 0.50 05 1 15 > 25 3 _'2!6' . '218' . 'é' . ‘3.|2‘ A .3.|4. . ‘3]5‘ A '318' )
Charge x |Momentum| (GeV/c) [Momentum| (GeVi/c) M,, (GeV/c?)
P B 7 < 180F S A N R et R R 120F T T —T1
- STAR Preliminary E 160F D +- Au+Au sy, =200 GeV - N STAR Preliminary 1
AutAu Ysiy =200 GeV 2 = 3 .t Au+Au sy, =200 GeV
600 RHIC Run 2014 = S 140F M. Lomnitz (493) 5 <o 100[ RHIC Run 2014 2
= . F 7 > n 2l
500 H FT — 2 120 — g 801 750 MinBias Events 1
4005_ —E g 100F- + . ._g E S/\S+B=8
= = =
300~ i 8 eof ¥ e t9 3 .
g . E 60 = <
2001~ G. Xie (523) = E 3 3 407 + +
r . 125M MinBias Events =] 40— - — (&) t y
100~ M. Lomnitz (493) : —] E S/\S+B = 8 E L il
= S/NS+B =18 = E 3 S H =
..v. ST 20F HFT e 20~ HFT M. Nasim (221) ¢+
. 17 1.75 18 1.85 19 1.95 205 1 0:1...,|.‘..|....1‘...|....|.H.|....|....: e ——
Invariant mass, m__(GeV/c?) 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 1.9 1.95 2 2.05 2.1
Kn m,.(GeV/c?)

Invariant mass, m, . (GeV/c?)

Excellent long-lived hadron and electron identification

Secondary vertex reconstruction with HFT — Full kinematics reconstruction of charmed hadron
Muon/Quarkonia identification using MTD

@W@AR ¢ Mustafa Mustafa - QM15 - Kobe, Japan 7
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Keep an eye on STAR...

STAR Future Plans

_- d;:a;?n - QCD phase structure
4 - Critical Point

sQGP properties

p e .
(2014 \ 2015 2006 2017\ 019 2020 | 202 | 2023 |

\ \
‘ HF-1, (e, ), spin \ | BES-II \

physics

e-Cooling, iTPC, EPD AI HF-II, p,+p/ A

Forward tracking/calorimetry, HFT+, TPC speed-up

iTPC proposal: drupal.star.bnl.gov/STAR/starnotes/public/sn0619
BES-Il whitepaper: drupal.star.bnl.gov/STAR/starnotes/public/sn0598

Polarized p+p and p+A drupal.star.bnl.gov/STAR/starnotes/public/sn0605 )

upgrade A
&wém'
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Mt Rkt 3 Bl QL S QR e R

raphael@in2p3.fr - lons lourds - Prospectives LLR 45

42



Data/Model
o

Z in pPb collisions

Data / CT10 (NLO)

++ﬁ+l+ Ilﬁ

— T T —
C ATLAS -
- p+Pb2013,L =29 nb?' O
- 4 e \'Syy = 5-02 Te E
- =4 3
- —--Data  |e==s -
= — CT10 (NLO) 3
— — CT10+EPS09 (NLO) —
- JT. ---- MSTW2008 (NNLO) + -

l
:

| | |
! I I

Data / CT10+EPS09 (NLO)

|4

I
i__
t

—— ——

—— ¥ ++ * ==

Data / MSTW2008 (NNLO) . E
I 1 | 1 | 1 1

-2 0 2 y*

N

ATLAS, 1507.06232, also CMS, HIN-15-002

21/10/2015

rapidity 3;
'\ H
Z@y<0
large x

Hints of a backward /
forward asymmetry

Shape is better fitted with
nuclear PDF (EPS*09)

* Not the European Physical Society
but Eskola, Paukkunen, Salgado
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W in pPb collisions, full picture

oPFD 346 nb” Sy = 5:02 TeV L) Sy = 5.02 TeV
- R e — — — —r—— — T — T —
g - Luminosity uncertainty: 3.5% CMS 1 28 - Lulminosity Iuncertain{y: 3.5% | CIVIIS .
120 - 1200 i
_g‘—" - . gﬂ N _ i
© 1001 1 B 100F TR TR
~ F < 1 =~ F AR \%\\\\\\
2 80pS & OO 1 & 80F — W
[ g0l WL ] eop W .
z % AN 3 :
o 40 W -1 +v « Data — \g 40P W S ey s Data -
= - p.>25GeV/c  —CT10 ] © - p! >25GeVlc ~ —CT10 .
201 A\ CT10+EPS09 20 AW\ CT10+EPS09
o OF———b g B A
= 127 3 s _ _ -1 = E
KT [ ST DU U - SN Ry .
08k BRI YTE TR AL
R 3 0 1 > 1 5

n n
lab CMS, 1503.05825 lab
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~~  [ETTTT [ TrT1TIT I LI | LI I LI | T T 1T | IIIII
~N
<§1200_— { CMSPbPb s, =276 TeV ]
S T £ Cent. 0-100%, |y| < 2.4
1000 Ly = 150 ub™ o
g pi >4 GeV/c
%) N
£ 800 o -
> | ¢ data
L _
600— S total PbPb fit _|
jig - background ]
400 ‘ :': ‘E, """ pp shape ]
: (R, scaled)

07 8 9 10 1 12 13 14
Mass(u*w) [GeV/c?]

Raa(1S) = 0.425 + 0.029 + 0.070
Raa(2S) = 0.116 + 0.028 + 0.022
R,A(3S) < 0.14 (95% CL)

Three bottomonia Y(nS)

ISy = 2.76 TeV
T T | T T T T l T

PbPb 166 ub ™, pp 5.4 pb™
RAA 2 LI LA B B B

. | : !
18E CMS STAR AuAu sy = 200 GeV, ly| < 1]
I Preliminary % Y(1S), PLB 735(2014) 127

1.6 = Y(1S), |y <24 STAR U+U s, = 193 GeV, y| < 1—:

” 4: ® Y(2S),ly|<24 % Y(1S) Preliminary

08 4 H | —

0.6:— o

0.4F ? 0 o ‘ F% _:
ST o k|
o.2f—$ T
O:I 1 1 | | | 1 | 1 | I 1 1 | 1 l@ 1 | I:
0 100 200 300 400 N
part

CMS, PRL109 (2012) 222301 and HIN-15-001

STAR, PLB735 (2014) 127 and preliminary U+U

Ordered suppression of the three Y states > Sequential melting
U+U collisions in STAR reaching the same Y(1S) suppression
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A curiosity: J/U at very low pt...

8t L
RAA 7_@ ALICE preliminary RAA ~7 | For pT < 300 Mev
2: Pb-Pb, | Sy = 276 TeV, 25 < y <4 and peripheral collisions
—a— OSpT<O.3 GeV/c global syst=+15.7 %
4 —— 03<p_<1 GeV/c global syst =+ 15.1 %
—e— 1<p_<8GeV/c lobal syst =+ 11.5 %
3r Corlr?rTnon global systii6.8 Z/o PrObany phOtO-prOduced’
from a photon coupling to
2r .
? the large field of the nucleus
1 $ (also seen in “ultraperipheral”
81?3$ ! @ non-hadronic collisions)
osr
0-5¢ ALICE preliminary
04ggh Lardeus @ HardProbes'15
< Npart >
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Two more regeneration hints: low p-and v,

1.4
1.2:— AN TMI
L ////TM2

Inclusive J/y — u*w’, Pb-Pb \s, =2.76 TeV
B ALICE, 2.5<y<4, 0-90% global syst. = + 8%

----- Primordial Jhy (TM1)
===Regenerated J/y (TM1)
= Primordial JAy (TM2)
=:=Regeneration J/y (TM2)

ALICE, 1506.08804
Higher p; in CMS HIN-12-014

21/10/2015

Vs

0.25 L LI LI LB l T I LA I LA I L I UL I T l_
Pbe \/ 2 76 TeV CMS Preliminary
- L.m =150 l‘-b X -= Prompt J/y
0.2 lyl<2.4, 6.5<p <30 GeV/ic |
B -o- Prompt J/y i
_ 1.6<lyl<2.4, 3<p <30 GeV/c |
0.15 m ALICE Inclusive Jiy, 20-60% |
i 2.5<y<4.0, p <10 GeVi/c 1
0.1 $ :
of
Cent. 10 - 60 %
o 05 —l 1L I Ll | Ll I 1 I L1l I Ll I Ll I Ll I Ll I Ll [_
0 2 4 6 8 10 12 14 16 18 20

P, GeV/c

ALICE, PRL111 (2013) 1662301
CMS, HIN-12-001

1/ Less suppression at low py, where regeneration is stronger
2/ Some elliptic flow, probably inheriting the charm quark flow...
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J/LIJ i n P b ALICE, 1503.07179
p LHCb, JHEP 02,2014, 072
ATLAS, 1505.08141
CMS, HIN-14-009

[ ALICE, p-Pb \ s, =5.02 TeV
' [ inclusive J/y—p*u’
r 2.03<ycms<3.53

[ ALICE, p-Pb \ s, =5.02 TeV
' [ inclusive J/y—p*y’
[ -4.46<ycms<-2.96 '

0.6;— y<0
0.4F

backward

C EPS09 NLO (Vogt)
0.2 ELoss with g,=0.075 GeV?/fm (Arleo et al.)
D EPS09 NLO + ELoss with g =0.055 GeVZfm (Arleo et al.)

Some suppression observed in the forward (p-going) direction,
corresponding to low Bjorken x in the Pb ion (also at RHIC)

Approximately reproduced by nuclear PDF + eloss
Higher pPb suppression = higher PbPb recombination
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[Gw(2S) /GJ/w]pr (dAu) / [GW(2S) /GJ/‘V]pp

The fragility of excited states in pPb...

1¢

0.9 _ T £ L cMs pPb VS =5.02TeV CMSPbPb s, =276 TeV -
08 E LIJ(ZS) ?,1'4—_ ® |y, l/<193L=31nb" Dy, <24, L=150 ub"
Tk J/LIJ =z ¥ 95% upper limit ]
0.7F el 4% 31_2__ PRL 109 (2012) 222301
0.6 ;— éﬂ 1: o> 4 GeVic
0.5 e — %x E E
04F go.a_— i pr | -
> [ - ]

02F @ ALICE, p-Pb, {Sp=5.02 TeV -
0.1F '™ PHENIX, d-Au, (5= 0.2 TeV 0.4 ~
0 E| 111 | 1111 I | | I | | I | | | 1111 | 1111 I 1111 I | | I | | 0'2__ %\,Jv __
5 4 3 2 -1 0 1 2 3 4 5 - PbPb T ]
ycms ﬂ_ b

ALICE, 1405.3796 Y(ZS) Y(SS)

PHENIX, PRL111 (2013) 202301

Y(1S) Y(1S)

In pA collisions, the excited states suffer more suppression
(but still less than in PbPDb collisions in the Y case)
Highly non trivial dependence on the event activity (incl. pp)
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LHCb

-|||||||.|_|'

JHEP 07 (2014) 094
JHEPO2 (2014) 072

— E loss+EPS0% NLO in Ref [7]

LHCb
pPb 5, =5 TaV

—&— LHCD, Y([15)

[ —— Y15} —E& LHCD, Prompt Jiy

o F'I'I:II'IF]'[J."'F —— LHCD, J/'y from b
B 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
-4 -2 0 2 4
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W(2S) in pPb...

14‘_' L Ty T E@q4'_lnclusiveJ/w,w(2S)—>u*u' ALICE Preliminary
E Global Sys +27.8% ( ) ] G [ p-Pb {s=5.02TeV, -4.46 <y__ < -2.96 (Pb-going direction)
O m J/y Phys.Rev.Lett. 107, 142301 (2011 T [
1'2: Global Sys =+ 14.6% N 1.2 i [I] [!]
| - e L oo e I
T . E ' K
-%E%O.BZ L] . . 0.8F
%% RHIC E osf
0.4:— —: 0.4 _
0.2 — L ooy A
lyl<0.35 |5, =200 GeV d+Au - o2f v LHC, Pb-going
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 =
%22 6 & 10 12 14 16 18 : | . g |
I 80-100 60-80 40-60 20-40 5-20
co ZN Energy Event Class (%)
o 14k ALICE Preliminary
N ALICE y(2S) — p'w, PHENIX y(2S) - e'e’
3 f L @ ALICE p-Pb\s,=5.02 TeV (2.03<ycms<3,53, p-going direction)
EOD- 1.2 m ALICE p-Pb 5= 5.02 TeV (-4.46<y__ <-2.96, Pb-going direction)
r ¢ PHENIX d-Au | s,,= 200 GeV (ly_[<0.35), PRL 111,202301(2013)
TR [ty Ee———— -
0.8fF
0.6
PHENIX, PRL111 (2013) 202301 043_ E %
ALICE, preliminary '
0ok ,
0'...I...I...I...I...I...I...I...I...
0 2 4 6 8 10 12 14 16 18
<Ng;‘:,">, <Ng§"“>

21/10/2015 raphael@in2p3.fr - lons lourds - Prospectives LLR 54



Are the Y(2S) and Y(3S) fragile?

e Excited states less suppressed than in PbPb

e Excited/ground state ratio appears to vary w.r.t. the pPb
and pp(!) event multiplicity (at midrapidity)

— Excited states adding multiplicity?
— Activity suppressing the excited states?

Py 0.5 T T T T 1T T T T T T T LI LI T T T T
g . & 05 | | | | | BEE
@1_4_ C:Asl;ﬂl) \(1_93 ioz; \; cns;; PT:b |V_24 2L761T50Vub §0'455_ CMSpp Ys=276 TeV  CMS pPb s, =5.02 TeV _f
=T Y 95% upper imi . ® F o T@S)r(s) ® Y(25)1(1S)
012 PRL 109 (2012) 222301 < 04F -
< r i ~ O Y(@S)Y(1S) = T(@3S)r(1S) ]
é’ 1_ p:>4GeV/c ] 0 35:_ _:
u:f : = y.|<193 3
SosF + pPb - 03¢ % + M -
o T “ ] 0.25F % * E
=0.6- 7] 02:_ + o L g Y(ZS)
B ] E | ]
2= % pppp g o Ty :
_ T FA 1 Y@3s)
0 0.05: pp pr * B WS)
- L1 1 | L1 1 | L1 1 | L1 | | | I :
Y(2S) Y(3S) % 20 40 e 80 00 0 a0
Y(1S) Y(1S) N Midrapidity activity

21/10/2015 raphael@in2p3.fr - lons lourds - Prospectives LLR 55



Charm also flow @ LHC

RAA2_||||||||||||||||||||||||||||||||||||_ V2 e e e [ L | L e e e e e e R e e e b e T e e e e e [
- ALICE Preliminary : [ = ALICED"D",D*average  Pb-Pb, \s,, = 2.76 TeV
= DV s : B e Centrality 30-50% §

1.6[= ®Average D, D", D™, yi<05 e -] Syst. from B feed-down g
& 30-50% centrality Djordjevic = 0.3 =
1.4 = - Cao, Qin,Bass ] = ]
ol WHDG rad+coll ] - —
il F e e e MC@sHQ+EPOS 2 B 5
— - iEse S gaf -
B bbb L T BAMPS el. - B -
¢ H s Dl WA 8 e SULITL D D o )G | L i B N
B : 01 s
0.8 = WY ]
] = Y ot A et & ST T S o
0.6/, ] 0 4= —
B B WHDG rad-+coll ]
0.4 - =« POWLANG i
B -0 1‘_- ----- - Cao, Qin, Bass ]
0.2 B EIEEY MC@sHQ+EPOS, Coll+Rad(LPM) - --- TAMU elastic -
o N LY BAMPS — — UrQMD .
O_l 1] I e e | | | ESsl =i I | e [} | { o ] | I | IS i | )= | { 551 (&S5} | s8] ei] I 1 1 l_ E 1 1 1 l | I 1 | 1 1 1 | | 1 | I 1 = | 1 1 | | 1 | 1 I 1 | 1 | | =
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 1 0 ‘| 2 1 4 1 6
p. (GeV/c) P, (GeV/c)
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ALICE, PRL111 (2013) 102301

Simultaneous and quantitative description of R,, and v,
is a challenge for theorists (here @ LHC, but also @ RHIC)
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Charm and beauty in pPb @ LHC

& /dp_dy* x BR(J/y—puy) [nb/GeV]

RAA i T T T T | T T T T | T T T T | T T T T | T T T T I T T 0
- ALICE —a— p-Pb, | 5,,=5.02 TeV -
160 Average Y, ¥, D" -0.96<y, <0.04 ]|
4 g Pb-Pb, | $,=2.76 TeV-
& |ycms|<o'5
E pr —e— centrality 0-20%
1.2 . = SN centr|e_1iity 40-80% ]
1 LH i u@’ _‘+’_ _i | ||E
0.8 [lI i N .
0.6F —%—_%__ - ]
0.4 - 1 charm -
0.2 H H B u
- Central PbPb
% 5 T e

[ (GeV/c)
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40
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5

lIIIIIllIlllllllllllllll]llll]lllllllll]llll |IRRA

0 1

ATLAS, 1505.08141, also

LHCb, JHEPO2 (2014) 072,

CMS HIN-14-009
2013 p+Pb, 28.1 nb™

VSr= 5.02 TeV

I T L L] 1

8<pT<30GeV

o Data, Nonprompt J/vy
« FONLL

S

_+__

' A ‘ '

llllllllIlllllllllllllllllHlllllllllllllll[lll

N

1

(also: exclusive B meson decays, CMS HIN-14-004) Y*

Large theoretical uncertainty > Need pp reference data @ 5 TeV

But no suppression seen in pPb > final state effect in PoPb
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I:{AA

D versus B, more models

L T T T I LI I L I T 1T 17T I LI I LI I L

1.4— ——=—— ALICE D meson (8<p <16 GeVic, lyl<0.5) —
B =———e—— CMS preliminary non-prompt Jy (6.5<p <30 GeV/c, lyl 1.2)
L | eememaa- TAMU: D mesons .
1.2— e+ === TAMU: non-prompt JAy —
C sisisieieis MC@sHQ+EPOS2: D mesons 3
- s s e M C@ SHQ+EPOS2: non-prompt J/y —
1__ """""" =imimimimim BAMPS el.: D mesons ]
| == == === BAMPS el.: non-prompt JAy -
0.8— —
0.6— —
04— —]
0.2— |
O C 11 1 | I 11 1 I | I | I | I 1 1 1 1 I 11 1 1 I | I I | I | I | B

0 50 100 150 200 250 300 350 400
part
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I:{AA

LI T T T I L I L I L I L I L I LI L
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