a wealth of results from LHC Runl and from RHIC

(see recent QM 2014 conference in Darmstadt

31 plenary and 180 parallel talks, 300 posters

a personal selection of just a few observables
with thanks to my colleagues from

ALICE, ATLAS, CMS, PHENIX, STAR ~—

where are we and where do we go from here?

the objective:
study the phase diagram of
strongly interacting matter
properties of the quark-gluon plasma matter
nature of the QCD phase transition

Johanna Stachel — Universitdat Heidelberg
11th ICFA Seminar on Future Perspective in High-Energy Physics, Beijing, Oct 2014



LHC: PbPb at Vsyy =2.76 TeV  ALICE, ATLAS, CMS

2010 about 9 ub-l
2011 about 150 ub-1 =109 collisions
pPb at sy =35.02 TeV  ALICE, ATLAS, CMS, LHCb

2013 about 30nb-1 =5-1010 collisions
total of about 12 weeks in 3 years of running

RHIC: AuAu at V snN =7.7 - 200 GeV BRAHMS*, PHENIX, PHOBOS*, STAR

from 2000 77 nb?'  about 60% of it in 2014
other nuclei 71 nb’!
dAu 510 nb™

total of 132 weeks in 15 year of running

*completed
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Pb-Pb, 2011 run, ys,, =2.76 TeV negative particles -
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statistical model of hadronization employing full QCD statistical operator (partition function)

model: J.S., A. Andronic, P. Braun-Munzinger, K. Redlich, arXiv:
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reproduces hadron and nuclei yields over 9 orders of magnitude
protons 2.7 sigma low — is it an indication of incompletely know baryon spectrum?

Johanna Stachel
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T =156 MeV and U, < 1 MeV, very close to 20

ALICE (prelim., QM 2014)
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hadron yields for Pb-Pb central collisions from " Thermal fits (central collisions) Dﬁ]
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L naronic et al.
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predICtIOHS from latthe QCD for TC oL Ll Lol Lol > L1111 ||i_;'
. - . . 1 10 10 10
multi-hadron collisions in dense regime near Tc
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___bring hadrons into equilibrium
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@ in lattice QCD dip near critical point expected because
X4 negative, Y, positive (preserved for chiral cross over)
@ could lower point(s) near 20 GeV be due to fluctuations

Phys. Rev. Lett. 112 (2014) 32302
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Au + Au Collisions at RHIC

- STAR net-proton

@ 0-5% O 70-80%
(ly|<0.5; 0.4<p;<0.8(GeV/c))

4 BESII error

UrQMD (0 - 5%)
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near a critical point? intriguing
@ such studies will be priority for BES-II at RHIC
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moments of (p-pbar) distribution can
be linked to quark number
susceptibilities from lattice QCD
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Azimuthal anisotropy of transverse spectra

Fourier decomposition of momentum distributions rel. to reaction plane:

“elliptic flow”
effect of expansion (positive v,) seen

quadrupole component v,
dN =N, 1—I—22vi(y,pt)cos(ic|>)
dp,dyd ¢ =1

from top AGS energy upwards

the v,, are the equivalent of the power spectrum of cosmic microwave rad.
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figure modified from B. Muller, J. Schukraft, B. Wyslouch, arXiv:1202.3233v1
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hydrodynamic regime
v, driven by pressure gradient
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P (GeV/c)

jet fragmentation regime
vy driven by energy loss
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elliptic flow (vy) as
function of py:

- excellent agreement
between all 3 LHC
experiments

- same for v3

?;‘:I 1 -8
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Luzum, Romatschke PRC 78 (2008) 034915
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Viscosity suppresses vy
higher moment suppressed more strongly

in hydro regime v, driven by initial condition
and properties of the liquid
— ratio of viscosity to entropy density 1/s

Schenke et al. Phys.Rev.C85:024901,2012

1.4 , | | |
V,(n/s=0.08)/v(ideal) ~m- o
— 12 [y (n/s=0.16)v,(ideal) 20-30%
CU -
R
i 08 B * i |
wn
= 0.6 - i |
3 04} |
=
= 02+t _
-
ol . . . _
n

Johanna Stachel

?;‘:I 1 -8
BN RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




v{SP,lAn > 0.9}

0.4

0.3

ALICE 10-20% Pb-Pb |s,, = 2.76 TeV

t beyond v, for charged
e particles, data available for
"pip 1405.4632 identified hadrons
*A+A - mass ordering observed

- characteristic feature of
hydrodynamic expansion
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the quest to extract the ratio of shear viscosity over entropy density n/s
note: minimum value of 1/41 = 0.08 predicted with AdS/CFT correspondence

calculations: (2+1)-D hydro plus UrQMD (VISHNU)
H. Song, S. Bass and U. W. Heinz, Phys. Rev. C 89, 034919 (2014)

Pb+Pb 2.76 A TeV jé

B ALICE VISHNU ]

mass dependence is a genuine prediction

of hydrodynamics

calculations with /s = 0.20 reproduce

data very well

but: uncertainty due to initial condition

color glass 1nitial condition <> Glauber
N/s = 0.20 < 0.08
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data: ATLAS JHEP 1311 (2013) 183
calc: B. Schenke, R. Venugopalan, Phys. Rev. Lett. 113 (2014) 102301
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very well reproduced by viscous hydrodynamics (MUSIC) ideal n/s =0.16

with fluctuating IP Glasma initial condition

(including initial quantum fluctuations of gluon fields)

for LHC /s =0.18 for RHIC n/s =0.12
indication of temperature dependence of 1n/s?
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n/s

E. Molnar, H. Holopainen, P. Huovinen, H. Niemi, arXiv:1407.8152
(3+1)-D viscous hydro, initial cond fixed to dN/deta, freeze-out to spectra, EOS from lattice QCD

CH-LQ —m— ] . c.
1.0 FTH-BQ o ) while RHIC data show no sensitivity to QGP n/s
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=0
Vo, V4, as function of rapidity and py
fix hadron gas 1n/s(T) with RHIC data : X 1 £
000 X N Tee=100MeV  I£ LHC 2760 AGeV
then proceed to extract 1/s(T) for QGP T e s S P

) . 0 1 2 3 0 1 2 3
with LHC data as well as minimal value or [GeV] oy [GeV]




0.034 _ —— |P-Glasma
;— =zz:: Glauber
0.03 F
i
0.026
(|
>

) L
“?fSNTAR Preliminary

o ©

o o

— M

o [
mlllllllll

* U+U
= Au+Au

Top 0.1% ZDC
P I T T R T T S

' T T
1.0
Mult/<Mult>

T P
0.9

1.1

Hui Wang (for the STAR Collaboration) Quark Matter 2014

0%
el

-0.025

s

STAR Preliminary

XX
I
DQQQQQQQQ
KX XK

collision centfality (ZDC)

@ for tip-on-tip collisions expect 20% increase in energy density
@ selection of near-complete overlap via (absence of) forward neutrons in ZDC,

then look for highest multiplicity events

@ reveals sensitivity to initial condition - color glass initial condition (IP Glasma) ok

Johanna Stachel
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A {3<pT<4GeV}

[ ATLAS Prefiminary Genwaity 070§ 10T @ given collision centrality (impact parameter):
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STAR Phys. Rev. Lett, 112 (2014) 162301

10-40% Centrality

—

a) antiproton-

b) proton —

c} net pruton—

\ o e Data
Ili‘__,f’ ©_UrQMD | -

2
10y Syn (GeV) 10

@ v (sideways kick) considered sensitive to

equation of state
@ a softest point (very strong minimum in vy)

predicted 20 years ago (D. Rischke et al.)
@ now an effect observed for the first time,
albeit much weaker

could it be a signal of a first order phase transition?
= study this in smaller centrality bins in BES-II

T T T LN S |
net proton |

¢ BES-I(10-40% centrality)
BES-I (10-15% centrality)r

B BES-II (10-15% centrality
1 1 T T LT T T 1

10°

GeV
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- suppression of leading particles first

leading particles
observed at RHIC

I I T T TT | I [T T I| I
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dE/dx o /)G’ l ) L
density of color charge carriers

transport coefficient ¢ oc p o (ki)

7 JET collaboration, arXiv:1408.3519
T T T 1 | T 1 T T | T T T 1

we—e MARTI — McGil-lAMY]

¢ [E== HT-BW --- GLV-CUIJET]
s HT-M |

5 F -
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2 F .
5 Au+Au at RHIC, i
RN _Pb+Pb at LHC, ]

0 ._I — T R \' R R S N |:
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T (GeV)

Eprrrfa.n — 00, loss AF

mean free path A > 1/p .. range of screened gluon inferaction

determine transport coefficient from comparing
transport model calculations to R 5 data

at center of nuclear fireball at Tp=0.6 fm/c
obtain for RHIC and LHC

¢ — 12403 GeV2/fm at T = 370 MeV
1.9+0.7 GeV2/fm 470 MeV

2 orders of magnitude larger than in
nuclear matter (from DIS)!
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PbPD Y5276 TeV 150ub" |
0-30 % CMS Preliminary | asymmetric dijet

PbPb 0-30%

S —— = Ay>0.22

& measurement of the
2 » radiated energy up to
VI20

m|.n,<0.50,A >0.22 | AR=2.0 !
M, |<2.4, Ad, >5n/6 ]
p, >120, p_ >50 GeV/c
] I1 ] I ] ] ; ] ] I 1 L 1 1
T T T | T T T T | T T T T

enhancement of low
» D¢ particles in PbPb

p™(GeV/c): L.
' out of cone radiation
[ Ins.10

[1.0-20 - 1s carried by a third
[ 12.0-4.0 T y

EN40-80 - et 1in
[ 8.0-300.0 - J pp
® =05

----pp cumulative

= PbPb cumulative

CMS-PAS-HIN-14-010 0 0.5 1 1.5 2
AR

Johanna Stachel @fﬁ% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




Event Fraction

0.2

15

0.1

0.05

0

photon-jet
CMS Projection
T T T | T T I T T T T ‘ T T T T
| Pythia VSan = 5-5 TeV )
| estimated statistics for PbPb 0-100% |
— p!>120GeVrc, pf‘ > 30 GeVi/c —
I 7 ]
L A9, > g" ]
- 10 nb™ §
= ++. =
L U i
L . i
| “ o _|
L . . i
N 4 e®e . ]
. s® .\ AT T A NN T MR N .|. 99,00 4000, -\-:
0 0.5 1 1.5 2

—jet p. ¥
XJ'Y_pJT /pT

upgraded Level 1 trigger system for jet triggers
high statistics photon-jet, Z-jet measurements

Z-jet

CMS Project

on

0_35 L T T T | T ]

T Pythiays,, =5.5TeV ]

037 estimated statistics for PbPb 0-100%
£0.25 _ pZ > 50 GeVie, pf‘ > 30 GeV/c _
S L a0l :
S 02k -
@ =L 10nb™ :
L C ]
T0.15F —
) r ]
> B . ]
W94k . ]
0.05 =
07\ |-|.| | 1 ] | 1 1 1 1 |.|.\n\ |-ﬁ

0 0.5 1 1.5 2

Xiz=pyIp;

first measurement of top production in PbPb collisions
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_gluons, charm and different color factors in o3 4 6 "8 10 13 14 18 1a §
S
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c 1 8:— ALICE Preliminary
S ) Pb-Pb, \jsN =2.76 TeV, 0-10% central
- 1.6+ &  with pp ref. from scaled cross sectionat fs=7TeV ]
8 ' *  with pp ref. from FONLL calculation atVs = 2.76 TeV ]
° 14L - BAMPS el.
- BAMPS el. + rad.
© . --- TAMU
O 1.2 — POWLANG
3 - - MC@sHG+EPOS,Coll+Rad(LPM)
— '1 A
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o
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(o]
(0 ¢}
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P, (GeVic)

ot
[

ALICE Preliminary
—=— ALICE, v{EP, |An| > 0.9}
[ systerror
----- BAMPS el.
........... BAMPS el. + rad.
—  POWLANG
------ MC@sHQ+EPOS, Coll+Rad(LPM)
----TAMU

o
N

7 I I Y S

b A e T e e

Heavy flavour decay electron v,
o
Y
!

- Pb-Pb, |/s,, = 2.76 TeV
i 20-40% Centrality Class, lyl < 0.7

_0'1 L1 1 I L1 1 l L1 1 I L1 1 I L1 1 I L1 1 ]. L1 1
0o 2 4 6 8 10 12 14
[ (GeV/c)

models constrained by simultaneous fit of R 5 and v,

Johanna Stachel
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STAR DO production in Vsyny=200 GeV AuAu

PRL 113 (2014) 142301
I measurement down to p; close to O !

2 T ‘ T ‘ T ‘ T |

} e STAR data 0-10%

+ D" therm (T,,=170 MeV) with shad
— POWLANG-HTL + in-medium frag

-— POWLANG-HTL + vacuum FF
+
-+

Au-Au coll. @ 200 GeV

~ -

< 1 0-10% centr.class (b=3.27 tm)

———

=]
—
[S%]

Pr (Ger‘c)

current LHC data start above 2 GeV/c

but elliptic flow of D mesons
reproduced by the same approach
WO new parameters

calc: A. Beraudo et al. 1407.5918, 1410.6082

calculations with charm quark energy loss in
QGP using Langevin equation with weak
coupling transport coefficients and hadronization
in an expanding medium lead to enhancement in
low p; region

04

e ALICE data D aver. (stat. err. only)

+ D' thermal spectrum (T, =155 MeV)

— POWLANG-HTL + in-medium frag

03— —=- POWLANG-HTL + vacuum FF
+
+
* Pb-Pb coll. @ 2.76 TeV |
30-50% centr.class
SN02 - —

2 4 6 8
py (GeVic)

ALICE PbPb SNN=2.76 TeV D mesons
PRL 111 (2013) 102301

Johanna Stachel
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data: PHENIX 1405.3301 calc: Rapp, Fries, He 1409.4539
3.5 — ———

. e:lect'roné, 0-20% ]
3.0F o .
25t ] @ an indication of Rya>1 and elliptic flow
: for electrons from heavy flavor decays

15f I _ @ do charm quarks thermalize in the

N AIRR. - e ] medium at this low energy and get dragged

along by the collective expansion?

20f

Raa

0.5

. Au+Alu, 62 A(I3eV

0.0 R — -
0 1 2 3 4 5 6
P’ (GeV)
. . 0.25 [ j L i T " T T T T 1 0.35F T T T T T
calculations suggest that coupling of 1~ eecions.020% { oo} }
charm quark to expanding medium | 1025¢ %
ol 1020 electrons, 20-40%
could be strongest near T 010} ! Lol e E
drives interest in AuAu and pp 005} {010} 1 ;
o : T = 005} ]
collisions at \/ sNN = 62 GeV for 0.00} e TN % _:
E Au+Au, 62.4 AGeV] - fl . AutAu, 624 AGeV
2016 RHIC run s 5% 1 2 3 4 5
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pA

so far in PbPb only measured in CMS via J/y from B-decay above 7 GeV/c
CMS recent result: first B-meson direct reconstruction in pPb collisions!

25

0.5}

"CMS Preliminary

pPDb \s, = 5.02 TeV

ly,, | <1.93 L=34.8nb"

N FONLL

i E HpA B+
- [ ]Syst. L+BR

1.5

Syst. err. from FONLL pp ref.

4t +

25
"CMS Preliminary  pPb |s,,=5.02 TeV
-1
i IyCMI <1.93 L=348nb
21 (=] F{:fNLL 50
- [ ]Syst. L+BR
1.5 Syst. err. from FONLL pp ref.

N

Johanna Stachel

25

0.5}

CMS-PAS-HIN-14-004

rCMS Preliminary

pPb \s, = 5.02 TeV

ly,,| <1.93 L=348nb"

N FONLL
i E HpA B
- [ ]Syst. L+BR S

Syst. err. from FONLL pp ref.

important baseline for PbPb data - to be repeated in Run2 for PbPb
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arXiv:1408.4674

ATLAS

Pb+Pb |[5,,=2.76 TeV

- w, 0-80% J Ldt=0.14 nb"
® Data 2011

[ JW—-uv

EEW—rtv

Z—uu

] QCD multi-jet

30 40 50 60 70 80 90

100

P! [GeV]

7| T | T T | T TT T TT ITT T T T T T TT T |7
- ATLAS .
- .
- , v .
F;-Y:——=-=2=___=\-y %_Y =
- ®N \\* Data —=-W* POWHEG CT10 -
- \ RVVN —-W ]
C W —-W -
~ | Ldt=0.14-0.15nb" Pb+Pbys,, =276 TeV 1
L1101 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L]

50 100 150 200 250 300 350 400

(N )

part

data compared to a NLO pQCD calculation: agreement at all collision centralities
more on electroweak probes to come from Run2 and Run3

Johanna Stachel
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prepared by D. d'Enterria for ICFA2014

| — | T T T T T T T 1 | T T T T T T T T | T T
"g 2'5 — Central Pb-Pb, y=0, {s,, =2.76 TeV -
(48] - |
a . —+— Charged hadrons [ALICE] —e— Isolated photons [CMS] ]
S 2[ —=— Charged hadrons [CMS] ~=- W boson [ATLAS] ]
‘N - —e— Charged pions [ALICE] |
a2 ~ D" mesons [ALICE] 9~ Zboson [CMS] -
5 1.5— —¥ B-mesons —» J/W X[CMS] —
o - —4— b-jets [CMS] -
T ~ 4 Jets [CMS] ]
5 AT, T — -
o N % :
A N g - s _
0.5 !g.r'.i-'..'.!!%_. A X N \\*&\\ ﬂi—“&ﬁﬁi 111
A
- M%*”"i’i ]
0 L1 L | l

1 2 3456 10 20 30 100 20
P, m, , (GeV)

photons, Z and W scale with number of binary collisions in PbPb — not affected by medium
— demonstrates that hadron and jet suppression is medium effect: energy loss in QGP
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the original idea (Matsui and Satz 1986): implant charmonia into the QGP and
observe their modification (Debye screening of QCD), in terms of suppressed
production in nucleus-nucleus collisions; larger states are suppressed at lower T
— sequential melting

new insight (Braun-Munzinger, J.S. PLB490(2000)186): QGP may screen all
charmonia, but charmonium production takes place at the phase boundary,
enhanced production at colliders

— signal for deconfinement . [ picture: H. Satz 2009
E statistical regeneration
:
o
g
‘a
Tl
=
-
=
o . |
:—} *-.l.'.-"flllt"l'l’flq'il .‘E-II}'.'I}I"EH.‘-HI.'I'I'I
..:"

Johanna Stachel BHER Rur Energy Density




1.2

1.2

4 < °| WALICE (2.5<y<4.0, £15% syst.), | 5=2.76 TeV =4 < | WALICE (Jy|<0.8, £13% syst.), \s\y=2.76 TeV 4
OC | ePHENIX (1.2<y<2.2, 9% syst), s,,=02TevV | & [ @PHENIX (|y|<0.35, +12% syst), |5 =0.2 TeV
e — 1 —
forward rapidity : i mid-rapidity i
0.8 — 0.8 — ; .
+ N i - $ I ]
0.6 — 0.6 -
m 8 F ® LI i H H ]
02 L ¢ @ B . 0.2+ ! -
. forwlard raﬁ)idity | l l | | il - midr|apidit)1 | | | | | I:
% 200 400 600 800 1000 1200 1400 1600 % 200 400 600 800 1000 1200 1400 1600
dN/dn | dNg/dn |

energy density --> _
‘% statistical regeneration

- . . g

enhancement with increasing energy density! £
. . 4o g
(from RHIC to LHC and from forward to mid-rapidity)
deconfinement and stat. hadronization at phase boundary =~ 5 | ot
Johanna Stachel giﬁ?‘% RUPRECHT-KARLS-UN Energy Density




= < k B ALICE (2.5<y<4.0, £15% syst.), \S=2.76 TeV - - B ALICE (Jy|<0.8, +13% syst.), \ s =2.76 TeV -
oc 14 @ PHENIX (1.2<y<2.2,+9% syst),\5,=02Tev 1 1"*L @ PHENIX (ly|<0.35, +12% syst), \s,=0.2 TeV 1
— SHM, \s,,,=0.2 TeV (do_, /dy=0.030 mb) i . —— SHM, \s,=0.2 TeV (do_, /dy=0.065 mb) i
2 SHM, \s=2.76 TeV I L= SHM, \ 5, =2.76 TeV ]

1 =4 1B dogs/dy=0.4mb

0.8l \ e d GCE/dy=025mb —: 0.8 _+ """""""""""""""" &I ]

- ] - 3mhb

0.6 - [ | 0.6 :-_ ____________________________________ —
s . 905 /Y015 MO ] 0.4 E
0-21 @ 1 02f =

- forward rapidity ] - midrapidity .

O S | SE— | S | S | L | L | L1 | L1 _I 1 1 1 | 11 1 1 | I I | | 11 1 1 | 1 11 1 | 111 1 | 11 1 | | 1 1 1 I_

0 50 100 150 200 250 300 350 400 95 ""50" 100 150 200 250 300 350 400
Npart N

@ production in PbPb collisions at LHC consistent with deconfinement and subsequent
statistical hadronization within present uncertainties

part

@ need to view this relative to shadowing from pPb collisions:
forward y: Raa = 0.76(12) mid-y Rap =0.72(15)

@ main uncertainties for models: open charm cross section
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JHEP 1207 (2012) 191

—@— ALICE (total unc.)

[ ALICE extr. unc.

—&— ATLAS Preliminary (total unc.)

[ ATLAS extr. unc.

—A— LHCb Preliminary (total unc.)

PHENIX

STAR

HERA-B (pA) e
E653 (pA)

E743 (pA)

NA27 (pA)

NA16 (pA)

E769 (pA) '/
NLO (MNR)
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Johanna Stachel

1 @ good agreement between ALICE,

ATLAS and LHCb

@ Jarge syst. error due to extrapola-
tion to low pt, need to push
measurements in that direction

@ data factor 2 + 0.5 above central
value of FONLL but well within
uncertainty

@ beam energy dependence
follows well FONLL

| @ soon more accurate 47

extrapolation at 7 TeV
@ aim for 10% syst error with Run3
data
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new high performance ITS plus rate increase (TPC upgrade)

Upgrade Upgrade
:EE_""I"I"I"I '|"|'_i;'94' T T YT T YT ™
= 1.8-ALICE Upgrade ~ Pb-Pb\s =5.5TeV - g 35 Pb-Pb, ys.,,=5.5 TeV
1.6 L, =10 nb', centrality 0-10% _j 5 35_ rarcunacr Centrality 30-50% _E
1‘42 D" K j - D% Kot 1.6x10"% events
(ob4ts,  NonpromptJy—eve e 3 025 — ;
Upgrade of the - b e — . =%g
. 'I_ .......... .+_ ............................................................. _i EI_E - o = from B
ALICE Experiment - + 1 f ’ ]
Letter of Intent E,Bﬂ = 0.15F -
. e———————————— - + -: : o -
oeft, v, R Heoe
Ud; -B-E-E—B—_u_ E': G'DS—_ ... ‘..‘.‘.-;'*"Fi!i%
DEI_ _:i. ﬂ:'- |*..|...|...... L e R
Uﬁlé |-1|1’JII 1|5 ”2'& | EISI I-Slﬂll e T {éer.I}E
eV/c
AUCE. CERNALHOC-2013-:024 P (GeV/c) ALICE, EEHN-LHCGZUH-UZJPT

Input values from BAMPS model: C. Greiner

Charm and beauty R, , down to et al. arXiv:1205.4945

p,~0 using D° and B-decay J/{ Charm v, down to p;~0 using
prompt and beauty v, down to B
p;~0 using B-decay D°
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~ 0.3 PRL 111 (2013) 162301

MM

@ ALICE (Pb-Pb \ls— = 2.76 TeV), centrality 20%-40%, 2.5 <y <4.0

charm quarks thermalized in the QGP

0.2 should exhibit the elliptic flow generated
: in this phase
ol H somewhat surprizing: nonzero v, also at
T high p; observed by CMS
I . 0
D""EF I 1s it path length effect on energy loss?
- 0_25_III|IIIIIIIIIIIIIIIIII|III|‘I{IIIII!II1_
L L PbPb \s,,, =276 TeV CMS Preliminary i
- g :
I 0of = 100ub = Prompt Jhy -
-0.1— global syst. =+ 1.3% i W24, 6.5p,<0 GeVic -
L B -# Prompt Jiy =
L1111 | L 111 | 1111 | L 111 | 111 | 1111 | 1111 | 1111 | 1111 | 1111 0'1 5 _— il E;SZYE‘TE4= aq]‘l":m GEV’C__
0 1 2 3 4 5 6 7 3 9 1 : 2_ﬁ___y(4_ﬂ“"‘*"| qu“ vtk "":
p_ (GeV/e) ” - BESTAR Inclusive Jhy, 10-40%
T > 01 ‘ # lyl<1.0, p <10 GeVic ]
first observation of significant J/y vy 0,05 + + =
in line with expectation from statistical o ]
.. h O )
hadronization e oy :
- _0‘050|1|21|| |4|.1| 1E|3| ,EI}I |11|0| II'|12I“‘||4IH'|I6]II1£C_]II12O
Johanna Stachel i p. GeV/c



~ 0.3

ALICE

Jhy v

Centrality 20%-60%

02 [ PRELIMINARY

0.15F
0.05

-0.05[-
-0.1§—

o.1§—

III|IIII|IIIIIIIII|lIII[[IIIII]IIlIIIIIIIIllIIII

m ALICE Pb-Pb |s,, =276 TeV,25<y < 4.0

~ 2% relative syst. error from 6, correction

presently 3 sigma

meaningful

-0.15%

0
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4
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muon arm

9 10

P, (GeV/c)
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Jiy
2

Absolute error on v

observation of flow with muon arm

future statistical errors

central barrel

needs statistics to make model comparison

D'OBZ full: TPC PID, open: TPC+TRD PID (]y|<0.9) ]
0.07E centrality: 10-40% =
E R ——
D'OB:_ ® L =1nb", current readout|
r _ -1
0.0sE- mL.-10nb ]
- —O— ]
0.04— —
E ]
C —{ ]
0.03F 3
= — ]
0.02F- - 3
- - —f 11— b
0.01= O .
e S e SR W :
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/N

[ Nw{ES}INJW ]Pbef [ Nwizsy Jiy ]pp

5IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

CMS Preliminary PbPb & pp\s, =276 TeV

) _ _ -Cent. . . . .

AT -0-100%7 for statistical hadronization expect

m65<p <30 GeVic, |y| <16 . . .

T

__g5% CL suppression of higher charmonia due
[ ALICE Preliminary PbPb\S [ =276 TeV & pp 15 =7 Te to Boltzmann factors, so for '

VP =3GeVie,25<lyl<4 relative to pp factor 3 reduction

¢ 3<p_<8GeVic,25<|y| <4
3 —95% CL

CMS sees value larger 1 for pt>3 GeV
ALICE for pt 0-3 only upper limit for
central collisions

IIII|IIII|IIII|“|::III|IIII_
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|
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Npart

not yet conclusive
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2025 (R
2
\b. @ pA
= Data A pp(p)
0.2} L4 ®m PbPb
0.15 A
iy | B
data
average
0.1
0.05 Statistical model
ol |
10 102 10° 10°
Vs, (GeV)

=z g 1 r ]
ﬁ[t C — 'q!(zs) ]
= 09 " —
< r Y, T Ko ]

< r 3
C 0.8 -\ =
06F ~
055 =
0.4F :
0-3;_ statistical model ‘ _;
c2p —
01E . =

- Pb-Pb ys,,=2.76 TeV, y=0 .

CL11l | L1l | L 111 | L1111 | L1111 | L1l | L1111 | L1l | 1]

OO 50 100 150 200 250 300 350 400

Npart

for statistical hadronization need to see suppression by

Boltzmann factor

Y even bigger difference

expected ALICE performance s
muon arm Run2 and Run3

Johanna Stachel
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Rel. stat. error on N"#

in factChereone can

distinguish between the
transport models that
orm charmonia already
in QGP and statistical
hadronization at phase
boundary!

- y(2S) statistical model scenario

3 2.5¢y<4.0 and p >0
o [l =1
07 lwL,, =10nb’ .
0.6F
CI.E_—
s S
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+JF
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D 1[' II2CIIIIIEG:III4DIIII5C:IIIEDIIII?DII.IBOII gl:}
Centrality (%)




c:-*- 800 LA LA LI LA I L B L B BN N
0 — —_
= ~ Preliminary % CMS PbPb s, =2.76 TeV 3
o 700— _
Q - = data Cent. 0-100%, |y| < 2.4 7
S g00F-—— PbPb fit Ly = 150 ub” -
= e pp shape pi >4 GeV/c .
%) L _|
T 5001 g =
(5] - 1 i _
> - e ]
LL - i a

400 A ]
300 —
200 - —
100[— ]

1 11 1 | 1 11 1 | 111 1 | 11 1 1 | 11 1 1 | 1 1 1 1 | I
07 8 9 10 11 12 13 14
2
My, (GeV/c?)

centrality integrated:

3S/1S a <0.1 95% C.L.

= III|IIII|II

o .4:— CMS Preliminary, PbPb ys,, = 2.76 TeV

1.2 T(1S5)
C | aT(23)
ﬁ 30-40%
0.8 40-50% | 20-308%
- 50-100% | i |
0.6/ ,
r |
0.4-
0.2 + + '
U. | i | | | 1
0 50 100 150 200

N

part

CMS-HIN-11-011

L. =150ub"
lyl <24

10-20% |
5-10% 0-5%_

|
|

|

| 4= ¢=m consistent with
excited state

44 $- suppression
250 300 30 40 (50% feed-down)

higher upsilon states expected to melt earlier
2S/1S PbPb relative to pp 0.21+-0.07+-0.02 because of larger radius
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SHM/thermal model: Andronic, Braun-Munzinger, Redlich, J.S.

> :EE 14 B @® CMS, Y(15) (ly|<2.4, £14% syst.),| s =2.76 TeV N 0.45

o - — Statistical Hadronization Model g N - A Pp \s=2.76 TeV, |ycmS|<1 .93 .
: 1 = 04f CMSdata Pb\s. =502 TeV, |y |<1.93]
1.2 — P : P \Sn=>- » Woms! <1997
- i 6\3\0.35 = @ Pb-Pb\s,,=2.76 TeV, |ycmS|<2.4_:
1 1 - $ ]
i ] > 0.3F . —
. do . /dy=13.8 ub ] > . ]
0.8— — - ‘Fﬂ ]
- ] 0.25 - | % =
0.6 B ] 0.2 $ =
i : 0.15F =
0.4 — ] - 1
i dcsbl5 /dy=9.2 ub ] 0.1 E
0.2 _ C thermal model (T=159 MeV) ]
B ] 0.05 — —— with corona —
O_I 1 11 | 1111 | L 111 | L 111 I L 111 | 1111 | 1111 | 111 I_ E ----- W/O corona | -----—--l— --------- E

0 50 100 150 200 250 300 350 400 O L 111 | 1 | T | 2 | 1 I T | 3 | | L1 1

10 10 10

Npart N nl<2.4

tracks

in this picture the entire Upsilon family i1s formed from deconfined b at hadronization
but: need to know first — do b-quark thermalize at all?

- total b-cross section in PbPb
— | future measurements in Run2 and Run3, focus for ALICE, ATLAS and CMS
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arXiv:1405.3940

——— Linnyk er al
"""" vHees er al
= == Bhen e al (KLN)

Xg ¢ dicay

i Au+Au ]
A Vi = 200GeV

-+=+ Shen e al. (MCGIb) ¥ i

data: S. Mizuno, PHENIX, QM2014
calc: van Hees et al: PRC 84, 054906 (2011)

and Linnyk et al.: PHSD model (priv. comm.)

0-20% 20-40% 40-60%
Vz * o COnVErs ions) i v [ N
0.3 * o dcalorimeter) __ PH {‘/E. le __ a
= mm w1 van Hees et al. PRCE4,054906{2011) (b) r pre“mlnary F M

wanr van Hees et al, PRCBA4,054906(2011) {a)

Linnyk et al, private communication
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new measurements using photon conversions
extend data to significantly lower p;
confirm earlier measurements, different

systematics
the challenge for theories remains

Johanna Stachel
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T L B9 o40% Pop, j5py=276Tev . g 0-40% Pb-Pb, {5 =2.76 TeV
g 2 - g 1o ALICE
.:.."*E - "““‘"”“““T | 1 o ﬂ-i_ 1 —4— Direct photons PRELIMINRRY
- i g[gmpf;ﬁmg"ftf‘w“‘; Ny - < —— Direct photon NLO for . = 0.5,1.0,2.0 p_(scaled pp)
2‘0:_ forp = 05,1.02.0p, el QIBAppLE decey E FE 10" — Exponential fit: Ax exp(-p/T), T = 304+ 51 MeV
. ’ 102 e
1.5— — L4
C ; ] 107
- ++ —
1o +M++++ ] 10
B ] 10°
ol:_l 1 | | 111 | 1 1 1 | 1 11 | 1 11 I 1 11 | 1 11 |_ -1
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0= v v oo o b b b Ly
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ol TR (D)
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spectra and elliptic flow high as compared to
models — a real challenge
but: systematic errors largely correlated
and error in v, dominated by error in direct

photon yield

R. Chatterjee, D.K. Srivastava, T. Renk

arXiv:1401.7464

R. Chatterjee, H. Holopainen, I.

Helenius, T. Renk, K. Escola PRC 88

(2013) 034901

it helps to introduce fluctuating
initial conditions, but barely enough
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1. for hard probes proper normalization to include nuclear effects on parton distributions

(shadowing)
example:

Hpr

0.8

0.6

0.4

0.2]

J/psi production

1.4}

LI L B I |

p-Pb | 5, = 5.02 TeV
ALICE arXiv:1308.6726: inclusive J/w—pyu’, ﬂcp,rﬂ 5 GeVie
Ly, (-3.46<y__ <-2.96) = 5.8 nb™, L, (203<y__<3.53) =50 nb”’

ALICE Preliminary: inclusive J/y—e'e, pT:-lJ GeVle
Ly (-1.37<y__ <0.43) = 52 b

[(J[Juncorr. systematic uncertainty
part. corr. systematic uncertainty
common T, uncertainty

Johanna Stachel

ALICE forward/backward arXiv:1308.6726
good agreement with LHCb arXiv:1308.6729
ALICE mid-y hard probes 2013
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PHENIX arX1V 1404.7461 ALICE Phys. Lett. B726 164 (2013)
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% (0.006-0.06%) - s
ooy | PDPD collisions — spectra show similar features as well
0 2 4 . . . .
p, (GeV) a real surprize and still a matter of much discussion
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results from Runl1 at the LHC and 15 years of RHIC:

LHC has already surpassed luminosity goal at Runl Vs, RHIC has reached unanticipated
luminosities

experiments zeroing in on the properties of the Quark-Gluon Plasma
- transport coefficients
- deconfinement

RHIC will much increase low Vs performance by cooling
STAR and PHENIX — BES-II fluctuations, possible effects of critical point,
heavy flavor with new vertex trackers, MPC-EX for forward photons,
PHENIX new detector proposal, explore regime of possibly strongest coupling
with jet observables
LHC expect continuous increase in PbPb luminosity, 50 kHz for Run3
ATLAS and CMS precision measurements at medium and high py, jets in QGP

ALICE low p; heavy flavor, electron pairs, and photons, upgrade during LLS2
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hadron yields for Pb-Pb central collisions
from LHC runl are well described by
assuming equilibrated matter at

T =156 MeV and U, < 1 MeV, very close
predictions from lattice QCD for T,

Johanna Stachel

o

T

Lattice QCD

Borsanyi et al.
Kaczmarek et al.. Bazavov et al.

Thermal fits (central collisions)
Cleymans et al.

Andronic et al.
Manninen, Becattini

O
L]
Fa
w STAR
ek

ALICE (prelim_, QM 2014)

2
1 10 10

N:
°, L
o L

15 (MeV)




X 0 I<05 STAR: Au-Au at |5 =0.2 TeV
< o S AKS0-5% o AK 0-5% peak in A/K needs no
oo 1.8f e e AK 60-80% —- A/KD 60-80% . :
< 16 %’ “% PR ALICE: Pb-Pb at \s,,=2.76 TeV additional mechanism
- | : - | ONNT < ..
< g4 ﬁ{ / %‘0‘. . 4 /K2 0-5% statistically
- 1 ) .. .
1.2 A Tou ~4- A/K{ 60-808 hadronizing string
= ok ﬁ? S, ematic uncertainty hed
: SRR N . segments get pushe
08F é Mj} & HLTheory 0-5% )
T R SR — Hydro VISH2+1 | by collective flow -
0.6~ 4 i ¢ ---- Recombination .
04l ¢ﬁ i "-HIL == EPOS could be the entire
0.2 §_ %;%;4{;— ______ : ........... ‘. picture
O F 1 | 1 I | | I I _| 1 1 I | I 1 1
0 2 4 6 8 10 12

Johanna Stachel ‘E&ﬁﬁ% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




Lenar
{RHICY
Energy

High
{LHC)
Enargy

Start of callision
_h.
Zo
Ce—=
Laﬁf
}" f —
5P sue ot

Development of
quark-gluon plasma

Hadronization

121
1.0 =0
B %
3 \
S 0.8 l :
E \
: | :
ﬂ ELE' ﬁ\. E
g | | b1
g -
g 044 "ﬁ ---ﬁ e
= ST
5 | HC model @
E 024 - — — — RHIC miodel
-
o @ RHICdata
ﬂ I I I I I I I
0 50 100 150 200 2850 300 380

Number of nuckeons in collision

charmonium enhancement as fingerprint of deconfinement at LHC energy
only free parameter: open charm cross section in nuclear collision

Braun-Munzinger, J.S., Phys. Lett. B490 (2000) 196 and

Andronic, Braun-Munzinger, Redlich, J.S., Phys. Lett. B652 (2007) 659

Johanna Stachel
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A. Andronic, P. Braun-Munzinger, K. Redlich,

J. Stachel Phys. Lett. B652 (2007) 259
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di-electrons statistics limited, 10 nb-1 will have
huge effect -
but also syst uncertainties will decrease with
upgrade:
will also add TRD for electron id - reduced comb
background
thinner I'TS reduced radiation tail
both affect signal extraction
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arXiv:1405.1177

ALICE inclusive J/y—u*u”
® Ryp, (2.03<y  <3.53)x Ry, (-4.46<y  <-2.96), \Syy=5-02 TeV
(preliminary)
A BRpop, 25<y <4, \“sNN= 2.76 TeV, 0-90%)

(arXiv:1311.0214)
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ALICE

PRELIMINARY

at low pt yield in nuclear collisions above pPb collisions
J/psi production enhanced in nuclear collisions over mere shadowing effect
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models underpredict photon yield and even more the photon v2
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* new ITS allows suppression of Dalitz, conversion and charm contributions
* continuous TPC read-out with 50 kHz in run3 increases event rate by a factor 100
* allows detailed investigation of thermal radiation from hadronic phase and QGP
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