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interest 2-fold: ‘\ ] .”me " K. p. I

- charm and beauty quarks are produced in early
hard scattering processes; time scale T = 1/2mq

=~ 0.02 —-0.1 fm 1.e. before QGP is even formed
access to transport coefficient for heavy quarks

diffusion coefficient vs energy loss of heavy quark
do charm quarks thermalize?

do they follow collective dynamics of bulk? / \

beam bhea

(to< 1 fmic)

Y

- need total charm cross section for understanding of charmonia (ccbar states)

- in pp and pA charm physics interesting on it's own right, tests pQCD and
parton distribution functions as well as nuclear effects
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ALICE

- the original idea: (Matsui and Satz 1986) implant charmonia into the QGP and
observe their modification, in terms of suppressed production in nucleus-nucleus
collisions with or without plasma formation sequential melting

- new insight (Braun-Munzinger, J.S. 2000):
QGP screens all charmonia (as proposed by Matsui and Satz), but charmonium

production takes place at the phase boundary,
enhanced production at colliders — signal for deconfinement

production probability from thermalized charm quarks scales with N(ccpar)’

- alternative to statistical hadronization: implementation of screening into space-time
evolution of the fireball continuous destruction and (re)generation
Thews et al., 2001, Rapp et al. 2001, Gorenstein et al. 2001, P.F. Zhuang et al. 2005
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ALICE

reconstruction of hadronic decays: In|<0.5 PID TPC, TOF
DO -Kn D*r—Knx D*—Drnr Di—Kkn A;—AT

semi-leptonic decays:
c,b—e In|<0.8 PID TPC, TRD, TOF, EMCal
c,b—u nl=2.5-4.0 PID muon RPCs

<1,0%

7,9%

beauty from secondary J/y
beauty from e-hadron correlations

11,9%

18,8% >60,4%
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ALICE
ppVs=7 TeV, 1.25 x 10° events, ptD+>2 GeVic
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data are compared to perturbative QCD calculations
reasonable agreement

- at upper end of FONLL and at lower end of GM-VFENS

measure 80% of charm cross section for lyl < 0.5

b (GeVic)

8C1(T100) 10T TddHS

ALICE

FONLL: Cacciari et al., arXiv:1205.6344
GM-VENS: Kniehl et al., arXiv:1202.0439

mid-y cross sections: qgP” /dy = 516 +41(stat.) ¥, 52 (syst.) £ 18(lumi. ) = 7(BR) 7129 (extr.) ub.

doP" /dy = 248 +30(stat.) 32 (syst.) & 9(lumi.) & 5(BR) 57 (extr.) ub.

doP" /dy = 247 +£27(stat.) T3¢ (syst.) = 9(lumi.) = 4(BR) "3/ (extr.) ub.



ALICE
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pp, Vs=7 TeV

— 4+ ALICEc,b—e
—&— ATLASc, b—e
s FONLLc, b—s e, |y] <0.5
FONLLc, b—s e, |y| <2 excl. 1.37 <|y| < 1.52

s ALICE data complementary to
ATLAS measurement at higher pt
(somewhat larger y-interval)
s good agreement with pQCD
s at upper end of FONLL range for

p, <3 GeV/c where charm dominates

3x10"

1

2 3 4567810 20 30 PRD76 (2012) 112007 arXiv:1205.5423
p. (GeV/c) ATLAS: PLB707 (2012) 438
t FONLL: Cacciari et al., arXiv:1205.6344
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K lULS pairs
F = = L5 bkg
F— TrackRe? bkg

ALICE  p-Pb, {5,502 TeV

D" - Kt

and charge conjugate

O<p<1 GeVic
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Event-mixing bkg subtracted

Side-band fit bkg subtracted

PRC94(2016) 054908 arXiv: 1605.07569
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very hard struggle to deal with (irreducible) combinatorial background,
very recently successful in pp and pPb

p-Pb, 5,,,=5.02 TeV]

DY -0.96<y  <0.04
cms

—=— Inclusive

—=— Prompt

o
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data: Nucl. Phys. B871 (2013) 1 PROSA NLO FFNS fit
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for a recent summary of data and pQCD predictions see:
Guzzi, Geiser, Rizatdinova, 1509.04582 and Beraudo, 1509.04530
additional constraint of gluon PDF in particular at low x (down to 5 10-6)
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Data/FONLL
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ALICE
PLB763 (2016) 507
— ALICE pp, \s =7 TeV, JLdt =2.2nb"
L N eb(oc) e electrons from charm and beauty decays:
vCcC—>e
3 TR separation via impact parameter distribution

measured separately from 1-8 GeV/c

beyond 4 GeV/c beauty larger than charm

good agreement with pQCD, data lie in
upper half of FONLL band

s |

[ total uncertainty i
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ALICE
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@ cross sections in good agreement with NLO pQCD
(at upper end of band but well within uncertainty)
@ beam energy dependence follows well NLO pQCD
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ALICE
use shape of FONLL to interpolate to proper s and y-interval
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Entries / 12 MeV/c®

measurement:

reconstruction of hadronic decays of D-mesons (ALICE, CMS)

semi-leptonic decays into electrons (ATLAS, ALICE)
into muons (ATLAS, ALICE)
J/y from secondary vertex from B-decay (CMS)

13

_II|IIII|IIII|IIIIII ]
—2*:pt-:3 GeVic —

1000
[ D' = K =
AO0 and charge conj. —
EUU_—
[ Pb-Pb, {5, = 2.76 TeV
“0C  Centrality: 0-20% ]
00l u=1863+ 0003 GeVic* |
- o=0.017 = 0.003 GeV/c?
i (30) 533 34
o |

T R A [ 1 I 11
175 18 'IES 19 195 2

Invariant Mass (Kx) (GeVic?)

data: ALICE JHEP 1209 (2012) 112 arXiv:1203.2160

Entries / 10 MeV/c?

450
400
350
300
250
200
150
100

50

TTrrrTTT TTT It
6 p BGeWc

D" =Knrn'n*
and charge conj.

||||||||||||||||||||||||||||4:

Pb-Pb I|_I5 =276 TeV
Centrality: 0-20%

u = 1.868 + 0.003 GeVic?
o =0.010+ 0.002 GeV/c>

S (30) = 167 + 43
1l Ll

1?‘\- 18 185 19 195 2

Invariant Mass (Kx) (GeVic?)

Johanna Stachel

raf
;:,-L|||||||||||||||
=

Entries / 0.57 MeV/c®

— o
15[]_4 p 6 GEVJ’C _:
14[1:— Pb-Pb
1205 VS = 2.76 TeV A
C Centrality: 0-20% + ]
100 vy o ]
8o -
r D" =D n*
60 and charge conj.
40 P
b = (14530 + 0.15) MeV/c™
20F- o =(600+ 190) keVic? 3
g S(3c)= 60 + 18 ]
-l 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 |
EES 0.13 0145 015

M(K=x)-M(Kr) (GeVic?)

;,&*m% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG

ALICE



(1/NADY G2 NAA Jdnd pr

AA(PT) - . au PPN 12 N PP
(Neott) (1 /NGy )d=NLT /dndpr
é 2:[ T I ' T TT1 | T T 17T | T 1T I T 17T ' T TT | T 17T T |: .
o - ALICE 4L
1 .8j 0 — m
- 0-10% Pb-Pb, \s\, =2.76 TeV =D - g
1.6~ AD* lyl<05 &
1.40 D" 13
- 12
1.2 Filled markers : pp rescaled reference — ©
C Open markers: pp P, -extrapolated reference E
Ao .
0.8F =
0.6 m =
0.4 i =
0.2\ - ﬁﬁﬁ;@; I .
0:| [ 11 | 111 | [ I | | I I | | | I I | ‘ | I I | | | I | | 11 |_

0O 5 10 15 20 25 30 _ 35 40
pT(GeV/c)

energy loss for all species of D-mesons within errors equal - not trivial
energy loss of central collisions very significant - suppr. factor 5 for 5-15 GeV/c
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strong energy loss of charm quarks
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PRL 111 (2013) 102301, PRC 90 (2014) 034904
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models capture various relevant aspects leading to thermalization of charm
— serious need to put together a coherent picture
- a difficult theoretical challenge, that is being addressed

- recently an EMMI rapid reaction task force took up the issue
(Andronic, Averbeck, Gossiaux, Masciocchi, Rapp)
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- mass ordering between charm and beauty observed
- for more central collisions, electrons from b-decay show suppression for p; > 3 GeV/c
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ALICE
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DO production measured from 2-100 GeV/c
strong suppression and shape very similar to charged particles and pions
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ALICE
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models: predictions before run2 data

« PHSD (Parton-Hadron-String Dynamics model[2])
» S.Caoetal. ( Linearized Boltzmann transport model + hydro ) arXiv:1605.06447v1
» M. Djordjevic [ acD medium of finite size with dynamical scattering centers with collisional and radiative energy loss ) Phys. Rev. C 92 (Aug, 2015) 024918
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charmonia
ALICE
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expectation for LHC data on decision of regeneration vs.

sequential suppression

=y
—
E
£
:
[«8
Z
=

statistical regeneration

sequential suppression

Picture: SPS RHIC LHC
H. Satz 2009

Johanna Stachel



little excursion from my ALICE talk to phenomenology
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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
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2 free parameters: T, mug

N ET T U L L L L L L L L
T 10°LT Pb-Pb |5 =276 TeV ]
agreement over 9 orders of = 107 5. | St
, . o o bl K 0-10% centrality (N =356) ]
magnitude with QCD statistical 3, 107 pA Par E
. . O C ]
operator prediction > 10F Rl 1
(- strong decays need to be ° L ﬁl i
added) 1071 ? ’I"d <
= I.'.’ E
102 A 3
10°E -
: Hes :
~ 104 ".(‘ E
works equally well for nucler and - m Data (ALICE) ;
loosely bound (anti)hyper-nuclei 10'5? Thermal model, T=156 MeV (V=5330 fm"°) H_?
prediction P. Braun-Munzinger, J.S., J.Phys. 10°F total (after decays) ”‘!eé
G28 (2002) 1971-1976, J.Phys. G21 (1995) L17  f """ primordial =
strong indication of isentropic 6c 05 1 15 2 25 3 35 4
expansion in hadronic phase Mass (GeV)
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@ assume: all charm quarks are produced 1n 1nitial hard scattering; number not
changed in QGP
Ndreet from data (total charm cross section) or from pQCD

o hadronization at T, following grand canonical statistical model used for

hadrons with light valence quarks (canonical corr. if needed)

technically number of charm quarks fixed by a charm-balance equation
containing fugacity g.

Néléirect _ _gCV(Z ntherm + ntherm) 4 ch(Z ntherm

|

the only additional free parameter

Johanna Stachel @Iﬁ% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




>~
LS : :
g °F do,/dy (mb) 128 .|  open charm is natural and essential
AR | normalization
S precision measurement needed
E 0.85. .
2_31.25
)
x 1
8
=075/ 0.43
05| h 0.32 } LHC 2.76 TeV including shadowing
(more below)
0.25

50 100 150 200 250 300 350
N

part

A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel Phys. Lett. B652 (2007) 259

Johanna Stachel @Iﬁ% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




Back to experiment
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ALICE

PLB 718 arXiv:1209.3715 % ALICE EPJ C73 arXiv:1305.1467
PbiPbo PoePbully (S, =276Te Sk F’b+F’b—>F’b+|P|b;*g‘w Sy =2.76 TeV
& F I B R ] S - yI<0.
2 40 — > -
> ¢ : O 70 W T :
g g ALICE E S - | Opposite sign electron pairs
o B o - F N, = 265140
N ) ] = T 60— = 3.092+0.036 Ge‘Wc
S S Y I o2 25.0 = 1.9 MeVic?
£ - = S T
S - 1 9 50¢ :
T 20F — O -
c 19 1 T 4of
E 107 = % -
Q  E = K
L | SRR BRI
0 I I L [ bR GBI 2 S N | :1 1y, ——

25 3 35

.h
(.J‘I

M., (GeV/c?)

photoproduction in ultra-peripheral PbPb
collisions — excellent §1gnal t.O background DY SEY-SRY R W ot -S4 i
very good understanding of line shape M. (GeV/c?)

(probes nuclear gluon shadowing, not discussed
here)
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Counts per 50 MeV/c?

Counts per 50 MeV/c?

300

250 f

200
150
100

50

25000

20000

15000

10000

5000

forward y=2.5-4.0

ALICE Pb-Pb, |5y, = 5.02 TeV

L =225 ub™

Centrality 0-10 %
x?/ndf = 1.10, S/B, =0.10

0 MeV/c?

i<

+

Centrality 0-10 % E
x2/ndf = 0.93

Mixed-event background
subtracted ]

entries

P T T P IR

25

4 45
m,, (GeV/c?)

3

mid lyl < 0.8
60000:_ centrality: 0% - 10% 8000'_ centrality: 10% - 40%
E ¥2/NDF (1.5,5.0) = 1.4 ¥2/NDF (1.5,5.0)=1.3
50000
: 6000} -
40000 -~ . [ S, ALICE
1 - E k. [ ...-"""“ ', Pb-Pb |s,,=2.76 TeV
1 & a0000p" =y 4000fes® .
20000 — " ! "'-__‘_
s 2000}
10000 - | — SE opposite-sign T
L ﬁ\‘\ [ - - ME opposite-sign \
1 1 1 " " 1 M M " L 1 i " M M 1 L M " M
r signal: 3486 + 448 [ - Data signal: 1271+ 157
1000f S/B:1.8+0.2% 400 __ e S/B:56+0.7 %
: + S\S+B: 7.8+ 1.0 ! SNS+B:8.2+1.0
s00f- *# ¥2/NDF (1.5,5.0) = 1.4 | 200} ¥%/NDF (1.5,5.0) = 1.2
¢ [
ot the B + ¥
0 | iwgiﬁt;ﬂ- 04— ¥y ﬂ*—'%— - Q#W
? b ¢ b
+ t
-500 200 + {
1 1 1 i N 1 M s 1 1

most challenging: central PbPb collisions
in spite of formidable combinatorial background

(true electrons, not from J/y decay but e.g. D- or B-mesons) resonance well visible
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ALICE

T T 1 | T T 1 | T T 1 | T 1T 71 | 1T T 1 | 1T T T
E ALICE, inclusive J/vy, 2.5<y<4 3
B —e— 100 x 1s=13 TeV (prelim), L =3.2 pb™ £ 3.4% |
—8— 10x1s=8TeV,L =13pb'+5%
B —e— 1x\s=7TeV,L_ =14pb'+5% ]
E —e— 0.1x\s=5TeV,L =0.11pb'+2.1% E
C int ]
_i':"a'i.g 0.01x1s=2.76 TeV, L =0.02 pb'+1.9% N
- o -
i.j @ |:| Systematic uncertainty 3
- * —
=, - BR uncert.: 0.6 % )
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i - N = ]
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- good systematics of spectra now available
- pQCD modelling now close to data

IIIIIIIIIllIII|III]IIIIIIIIIIIIIII]III

S 10%E [ Prompt J/y CS+CO@NLO 7
8 oL (M. Butenschoen et al.) a
> —e— ALICE, inclusive J/vy, 2.5<y<4 3
2 1 Ly o [ ] Systematic uncertainty N
%.— : BR syst. unc. not shown
S 107¢ E
% :
© 10% ¢ E
107 = E
10_4;pp\s=7TeV !_;

= L, =1.35pb"+5%
10-5_...|...|...|...|...|...|...|...|...|..._

0 2 4 6 8 10 12 14 16 18 20

[ (GeV/c)
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do/dy (ub)

L I L B I IR I B I LR
1oL —®— ALICE p*w, L, = 1.35 pb'1 + 5% _
- ALICE u*w, L, =156 nb'+5.5% 1 i
" = ALICE e'c" Lintt _56nb+ 4% 1 nice agreement between
10 —— LHCb, L, = 5.2 pb’ i 10% . experiments
L [ Systematic uncertainty - .
g[ BR syst. unc. not shown - good baseline for AA
collisions
6 -
4} ]
5 _ - pp \s =7 TeV, inclusive JAy - _
O_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
5 4 -3 -2 -1 0 1 2 3 4 5

Y
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Rus(pr) =

(1/NADYd2NAA Jdnd pr

(’w‘

(;’\”COH) (1/NZP) d?f B2 Jdndpr

1.2
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>
5

0.8
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0.2

@ PHENIX (1.2<y<2.2, 9% syst.), | 5\=0.2 TeV

mALICE (2.5<y<4.0, £15% syst.), | 5\=2.76 TeV

forward rapidity

g
H*w

- forward rapidity

IIIIIIIII|III|III|III|III|III|

| — I | — | | — | | — I | —

O

200 400 600 800 1000 1200 1400 1600
dN,fdn | _,

energy density -->

2 < L2 ALIcE (Iy|<0.8, £13% syst.), | 5,,=2.76 TeV

o [ @ PHENIX (]y|<0.35, +12% syst.), | 5,,=0.2 TeV
1 L e ]
- mid-rapidity i
0.8 ; —
- EI =
0.6/ H H -
0.4 H m EI —
ool U -
I m|dr|ap|d|ty | | | | | I:
0o 200 400 600 800 1000 1200 1400 1600

dN,,/an |

statistical regeneration

major new discovery at LHC: enhancement with increasing
energy density points to new production mechanism!

sequential suppression

Johanna Stachel
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B ALICE (2.5<y<4.0, +15% syst.), \sy,=2.76 TeV
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lines: Statistical Hadronization Model
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forward rapidity
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dN/dn | _,
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B ALICE (ly|<0.8, £13% syst.), /s, =2.76 TeV
® PHENIX (Jy|<0.35, +12% syst.), 5,,=0.2 TeV

midrapidity; lines: Statistical Hadronization Model

0
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dN,/dn | _,

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

transport models also in line with R 5 5 but different open charm cross section used
(0.5-0.75mb TAMU and 0.65-0.8 mb Tsinghua vs. 0.3-0.4 mb SHM) more below

— main uncertainties for models: open charm cross section, shadowing in Pb



arXiv:1606.08197 [nucl-ex]

q: LI IIIII IIIIII IIIII IIIIII IIIIII IIIII IIIIII
<
44 ALICE, inclusive J/y — putu
2.5<y<4,pT<8GeV/c
1.2
1
0.8} ]
- E@@@m@ UNCRUR
06 m m .
0.4F .
i ® Pb-Pb |s, =5.02TeV ]
02r B Pb-Pb |5, =2.76 TeV E
O-II IIIII IIIIII IIIII IIIIII IIIIII IIIII IIIIII-
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(N_)
part

Ran” "(5.02 TeV) / Ran” 2 *(2.76 TeV) = 1.13 + 0.02(stat) + 0.18(syst)

increase of J/yy Rp A for all centralities and over large range of p; (but within 1 ©)
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ALICE, Pb—Pb, inclusive Jiy — p*w
25<y<4,03< P < 8 GeVlic

Transport, pT::>D.3 GeVic (TM1, Du and Rapp)
[ ] Transport (TM2, Zhou et al.)

Statistical hadronization (Andronic et al.)

Co-movers (Ferreiro)
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ALICE

1.4

| ALICE (PLB 734 (2014) 314) Pb-Pb | s, = 2.76 TeV

RAA

1.2 @ Jw— e'e,centrality 0%—90%, p.>0 GeV/c

B Jv - pty, centrality 0%—=90%, O<pT<8 GeV/c global syst.= + 8%

yield in PbPb peaks at mid-y
where energy density is largest

0.4 L Cold nuclear matter effects in Pb-Pb | s, = 2.76 TeV E
i —— EPS09 shadowing (PRC 81 (2010) 044903)
02 — nDSg shadowing (NPA 855 (2011) 327)
O_llllllllllll|||lllllllllllllllllllll||||||

o 05 1 15 2 25 3 35 4
y

for statistical hadronization J/y yield proportional to N2 - higher yield at mid-
rapidity predicted in line with observation (at RHIC and LHC)
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RAA

ALICE

1.4

0.8}

0.6

1.2F

0.4F

0.2}

L L L L L s
Inclusive J/y — p*u, 0-20% centrality
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B ALICE, Pb-Pb\s,, =276 TeV,25<y <4
m PHENIX, Au-Au\s,, =02TeV,1.2<|y|<2.2
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softer in PbPb as compared to pp

a qualitatively new feature as
compared to RHIC where the
trend 1s opposite

in line with thermalized charm in
QGP at LHC, forming charmonia
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Zhou, Xu, Zhuang, arXiv:1309.7520
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1.8 Pb-Pb, \s,, = 2.76 TeV -
- ALIcE 1
1.6] . , B
- eAverage D", D*, D" lyl<0.5, 0-7.5% ]
1.4~ owith pp pT-extrapolened reference — < 14¢
I =Charged particles, nl<0.8, 0-10% 1 o [ PEPD Yo 2 276TEV
1.2 Charged pions, nl<0.8, 0-10% a 1.2 m ALGEJy - wi, 25<y<4, centraliy 0% —90% global syst. = +8%
» ] ® CMS Jy - p'w, 1.6<|y|<2.4, centrality 0% —100%  global syst. = +8.3%
Ao - 1
0.8} | 0.8 H
0.6f ” — 0.6 H "
: = 0.4 LI ¢ $ $
: :
- 02-
Olllllll IIIIlIIII Illllllll IIII_ O_II|I*III ‘ ‘\\\\‘II ‘
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p. (GeV/c) p. (GeVic)

1s high p; part indicative of the same charm quark energy loss seen for D's
out to what p; 1s statistical hadronization/regeneration relevant?
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ALICE

PRL 111 (2013)162301 arXiv:1303.5880

~ 0.3
: @ ALICE (Pb-Pb *‘I'% = 2.76 TeV), centrality 20%-40%, 2.5 <y <4.0 ChaI'IIl quarks thermallzed IIl the QGP
0ol should exhibit the elliptic flow
T generated in this phase
01 $ H | s expect build-up with p as
EF | observed for T, p. K, A, ...
Dt" MO8 R |8 R R N N O O NS 0TS AN CNE S UNE Y ANE 8 AN 00NN 08NN R RN R RN 0L RN D URVRE 8 OO O VDY VD RS AN RN RN NN NE N and Vanishing Signal for high pt
[ region where J/\y not from
047 global syst =1.3% hadronization of thermalized
L1111 L 111 1111 L 111 111 1111 | 1111 | 1111 | 1111 | 1111
R - T - S A B quarks
P; (GeV/e)

first observation of J/y v,

in line with expectation from statistical
hadronization
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I

ALICE

in picture where psi 1s created from deconfined quarks in QGP or at hadronization,
psi(2S) 1s suppressed more than J/psi — runl CMS results indicate the opposite!

PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV)

(- 45 HEBB L | | | rerri | LB 1L -
g ST T T T T O I T =
[ @ Vs, =502TeV I Cent. J
g 45 'f__ CMS + 0-100% -
2 o, S = 276 TeV + -
o 35f “ (PRL113 (2014) 262301) T -
o - T .
S af 16<lyi<24, 3<p_<30GeVic F =
—— - Prompt only + -
£ 25F —+ —
..-ﬁ - I -
> 2F —+ —
= o ¥ % 3 expect value of 1/3
QO 15 L + 1 for inclusive pt and
Z  F Hwa i T 1 central collisions
05 :_ L 86w CL :: _:
- I‘IlllllllIIIIlIIIII[IIIIII:: + -

Lo oo I
DD 50 100 150 200 250 300 350 400

Npart

the anomaly (enhancement relative to pp) from 2.76 TeV is not there at 5.02
TeV - very nice ALICE data from pt=0 to be approved this week
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Upsilon — bbar states
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ALICE
c::"‘- LT T 1T | T T T '| T 1T '| L L | T T TT [ T T 1T '| T 1T T Pbe 1 66 b_1, 5'4 b_1 _ 2.76 T V
;312{30_— i CMSPbPb \s,,=276TeV | E1,4_....,...51..'03|..9.|....|..\./S.T|N....|..?.
& Y(1S) {  Cent. 0-100%, lyl <2.4 1 ¢ i - CMS
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g - p?:»élGeWc R i
[ H ] ’
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n -
Raa(Y(18)) = 0.425+0.029 + 0.070 Oy 3 7o 1ec
Ras(Y(2S)) = 0.116+0.028 «+0.022 down in pp at
R44(Y(35)) < 0.14at95% CL, LHC)

+ R, (Y(1S)) = 0.30 + 0.05 + 0.04
(at forward rapidity) another puzzle: radius of Upsilon(2S) similar to

CMS, PRL109 (2012) 222301 radius J/y, but at mid-y Rap =0.12 vs 0.70

ALICE, PLB738 (2014) 361




ALICE

CMS 20 times more statistics in pp than previously published

M. Jo, CMS-HIN-15-001

1.4
ng  Pb-Pb s\, =276 TeV, inclusive Y(18), p. >0
1.2~ @ ALICE: L, =69 ub™, 0-90% (PLB 738(2014)361-372)
- m CMS: L,, =166 ub™' 0-100% (CMS PAS HIN-15-001)
1._4. .......................................................................
— A Emerick et al., EPJ A48 (2012) 72
0.8~ [ Total Primordial - - - Regenerated
0.6
3 T gy
T PR R
0.2~
— open: reflected
OTI--I-I-I-|-I-TI | | I | I I | 1 1 1 | | I | | | I-I-I-rl--l-l-l-l
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y
R still peaked at mid-y like for J/y

not in line with collisional damping in
expanding medium (Strickland)
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dissociation of Upsilon in a
hydrodynamically medium will not
produce an increase with increasing
energy density

yield of Upsilon(1S) increases with
beam energy

ALICE Preliminary
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L | I | | | I I | I | I I | | | I I | I | 11 1 | | I I | | | I | | | I |
0 50 100 150 200 250 300 350
(N_ )

part

Ran®20%(5.02 TeV) / Ran®%0%(2.76 TeV) = 1.3 £ 0.2(stat) £ 0.2(syst)
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R AA

1.2

0.8

0.6

0.4

0.2

global sys.= £ 3%

global sys.= = 7%

o

open: reflected

1 IIIIIIIII|IIII|IIIllIIIIIII]IlIIIIlIIIIlII

I
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y

increasing dissociation with increasing
particle and energy density will not do this

yield of Upsilon(1S) increases towards
mid-rapidity

< L
N - ALICE Preliminary, Pb-Pb |s,, =5.02 TeV
1.2~ m Inclusive Y(1S) - pn'u, 0< p, <12 GeV/c, 0-90% global sys.= + 3%
1 Y
i Strickland et al., arXiv:1605.03561
- == 4rn/s=1
0.8 B — 4an/s=2
- === 47n/5=3 <
0.6 —
0.4
SRR NN NSNS
0.2
O—IlllllllI|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

y
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ALICE

SHM/thermal model: Andronic et al.

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

" [ — 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 \Sn=>- > Womsl <1997
B ] 5)\0.35 = @ Pb-Pb\s,,=2.76 TeV, |ycms|<2.4_:
1— — Y C $ 7
_ ] S 0.3F _ —
. do,; /dy=13.8ub - > i .
| —] C 4 ]
0.8 i 0.25 i % E
0.6 E| . 0.2F $ H =
- ] 0.15 E
0.4 ] - .
B do . /dy=9.2ub ] 0.1 =
0.2 _ C thermal model (T=159 MeV) ]
i ] 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 1111 | | I I | 2 | | I I 3 | | 111

10 10 10

Npart N i<24

tracks

in this picture, the entire Upsilon family is formed at hadronization
but: need to know first — do b-quark thermalize at all? spectra of B
- total b-cross section in PbPb




ALICE

strong indication for charm quark thermalization
complete theoretical understanding still a challenge (being addressed)
clear indication of new producion mechanism for charmonia at LHC
supported by yields, spectra, rapidity distribution, v2
data consistent with statistical hadronization model and transport
model approaches
limitation in interpretation:
precision measurement of open charm cross section in PbPb
statistics of charmonium observables
bottomonium data not in line with simple screening picture
statistical hadronization as well? Does beauty thermalize in QGP?

expect significant progress from run2 and run3 LHC data from all
experiments
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Quarkonium Properties and Debye Screening

state J/w | xe T b T’ X5 T"

mass [GeV][3.10] 3.53 |3.68(9.46( 9.99 |10.02|10.26|10.36

AFE [GeV] [0.64] 0.20 10.05|1.10] 0.67 | 0.54 | 0.31 | 0.20

AM [GeV]]0.02(-0.03(0.03]0.06(-0.06|-0.06 [-0.08 | -0.07

radius [fm] [0.25( 0.36 |0.45(0.14| 0.22 | 0.28 | 0.34 | 0.39

table from H. Satz, J. Phys. G32 (2006) R25

In the QGP, the screening radius rpepye(T) decreases with
increasing T. It rpepye(T) < Ieharmonium the system becomes

unbound — suppression compared to charmonium production
without QGP. The screening radius can be computed using
potential models or solving QCD on the lattice.



heavy quark velocity in charmonium rest frame:
v=0.55forJ/y see,e.g. G.T. Bodwin et al., hep-ph/0611002

Implies minimum formation time: t = separation/v =0.45 fm

see also:
Hiifner, Ivanov, Kopeliovich, and Tarasov, Phys. Rev. D62 (2000) 094022
J.P. Blaizot and J.Y. Ollitrault, Phys. Rev. D39 (1989) 232

formation time of order 1 fm

formation time is not short compared to QGP formation time
— if J/Y forms at all, it does so in QGP

— if high color densith QGP screens interaction, J/\y never forms until
screening seizes
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Cross section
3
o

as more and more charm quarks produced, probability

1 kHz

Low

10*"cm2s™

1Hz

1 mHz

Event rate at L

_IIIIIIIIi IIIIIu[i IIIIIuLi IIIII[LLi IIIlIu[i IIII.‘IIII.I IIIELui IIIIIIIi IIIIIIIIi IIIIIIIIi III_

10°
Energy (GeV)

10*

(RHIC)
energy

High
(LHC)
Bnergy

for ¢ and cbar to hadronize into J/psi grows quadraticaly

Development of

Start of collision quark-gluon plasma Hadronization
o —» Eoﬂ — @D
o= CQ\ @D

A D
- ®
4 % v _® 3
PRt ol Tobe s, o - @080
%ﬁ' ¥ — o N KD+ °4 _ ' @D_ %
=] = ol
g Xy K009 0 g @ @D %
B ¥ @0 ®0D
@0

high energy: many

low energy: few c-quarks per collision = suppression of J/y

(X3 (13

reversal unambiguous signature for QGP!

(13

- enhancement

o EETTEIII LIS K TER e I



@ assume: all charm quarks are produced in initial hard scattering; number not changed in QGP
@ hadronization at T, following grand canonical statistical model used for hadrons with light

valence quarks (A. Andronic, P. Braun-Munzinger, J.S. or J. Cleymans, K. Redlich or F. Becattini)
number of charm quarks fixed by a charm-balance equation containing fugacity g

chézrect _ _ch(Z ntherm S+ nRherm) + ggV(Z ntherm

. ' 1 Il (g Ntherm
d fi N.. - 1 — 1: Nd_”w“ I CNtherm c*Yoc
and for ce << canonica cE 5 g To(geN };germ
I
obtain: Np = N#e™ . g .2 and N, = Nlt]f/bf[m .g>  and same for all other
lo charmed hadrons

additional input parameters (beyond T, L, .
fixed by fitting light flavor hadron yields: V, NV, Cdg rect

- volume V fixed by dN_/dn

- N gc—z " from pQCD as long as precision data are lacking

- causally connected region — use 1 unit y (but tested a range)
- core-corona: treat overlap with the tails of nuclear density distribution as pp physics
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ALICE PLB704 (2011) 442 arXiv:1105

—

o

— ==

dc,,, /dp_dy (ub/GeV/c)

>

102 © CMS,Jy|<1.2

IIIIII|
<>

O S
ol

ALICE e'e, |y|<0.9
ALICE u*u, 2.5<y<4.0

ATLAS, |y|<0.75
LHCb, 2.5<y<4.0

pp Vs=7 TeV .

i

o

2 4

6 8 10 12

P, (GeV/c)

@ good agreement between experiments
@ complementary in acceptance:
only ALICE has acceptance below

— 6 GeV at mid-rapidity

VN Aassvaszaes A vevw aaw A

dﬁwldy (1b)

10

o
l | l | l l l | | l l | | l l | | l | | _|

0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII
¥ e*e, {5=7 TeV (£4% luminosity)
A wt, ¥5=T7 TeV (£5.5% luminosity)
® &', V572.76 TeV (+1.9% luminosity)
B utu, VS=2.76 TeV (£1.9% luminosity)

ALICE pp

=
=T

i

£

open: reflected

-5

4 3 -2 1 0 1 2 3 4 5
y

measured both at 7 and 2.76 TeV
open issues: statistics at mid-rapidity

_ polarization (biggest source of syst error)



> 1.2 - — s 1.2 —
5 3 B ALICE (2.5<y<4.0, £15% syst.), \|s=2.76 TeV 1 5 % L B ALICE (ly|<0.8, +13% syst.), |/s,,=2.76 TeV -
o | @ PHENIX (1.2<y<2.2, 9% syst), (s,=02 TeV o B ® PHENIX (|y|<0.35, £12% syst.), s, =0.2 TeV
1 K ! ] 1 et -"-.____-—' —
lines: Statistical Hadronization Model 7 = . = 0.4mb -
0-8 i | O R gl
,,,,,,,,,,, .
. T 0 i
i __ i
0.6_ [W] = 0.6_ i
- 100 - 1
- 1 _ 1
04— ) A 0.4 —
: . e S0dBm 1| :
0.2 @ - 02p —
_ forward rapidity ] _ midrapidity; lines: Statistical Hadronization Model |
L1 1 | L1 1 | 11 1 | L1 1 | L1 | | L1 1 | L1 1 | | | | L1 1 | L1 1 | L1 1 | L1 1 | 11 | | L1 | | 11 | | L1 1 |
OO 200 400 600 800 1000 1200 1400 1600 O0 200 400 600 800 1000 1200 1400 1600
dNy/an| Ny/dn |

@ main uncertainties for models: open charm cross section, shadowing in Pb

y = 2.4-4.0 dsigma(ccbar)/dy = 0.206 £+ 0.035 mb
mid-y “ =0.329 + 0.128 - 0.138 mb

transport models should use same cross section!



>
4 S 2440 +13% syst. ) ]
S 214 B ALICE (2.5<y<4.0, £15% syst. uncert.) e m ALICE (lv]<0.8, 113% syst. uncert)
oc T F Statistical Hadronization Model ] C e Statistical Hadronization Model ]
o Transport Model (Zhou et al./Tsinghua) _: 1o iransport moge: (;2011 et a:-gi:ﬂgdwa)_—
Clwl - Transport Model (Zhao et al./.TAMU) - - T ransport Model (Zhao et al. ) A
1 ‘ —: 1 :*\._;"" ___________________ {
0.8 — R . o8- fwly T @ @ -
0.4~ § 0.4 | “"'-"-"-"-"-"."."."_"."_"."_"."_"."_"."_"."."."_"."_"."_":'_":';':'_“."_".“_":'_":'.":'_":'_":'_":‘_":'."_i
02 . 0.2 —
. N Pb'Plb \SSNll\I=2.76| TeV | | I I i B Pb-Pb \“‘SNN=2'76 TeV ]
— — 1 Tz — —- - ! B | I | | | I | | I | | 1 1 1 1 l | I | | 1 11 1 | 1 1 1 1 | 1 1 1 1 ]
0 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
N
part Npart

in transport models (Rapp et al. & P.Zhuang, N.Xu et al.) J/psi generated both in QGP and
at hadronization

@ transport models also in line with Rz 5
part of J/psi from direct hard production, part dynamically generated in QGP, part at
hadronization, but different open charm cross section used
(0.5-0.75mb TAMU and 0.65-0.8 mb Tsinghua vs. 0.3-0.4 mb SHM)
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{p,) (GeVic)

T
W

2.5

1.5

Inclusive J/y
A ALICE pp 15=2.76 TeV, 2.5<y<4, p_<B GeV/c, arXiv:1203.3641
- ® ALICE Preliminary Pb-Pb 1s=2.76 TeV, 2.5<y<4, p,<8 GeV/c
- A PHENIX pp 15=200 GeV, 1.2<|y|<2.2, p,<7 GeV/c
i calculated from PRL98,232002 (2007)
@ PHENIX Au-Au 15=200 GeV, 1.2<|y|<2.2, p.<5,6 GeV/c
calculated from PRC84,054912 (2011) ALICE
- © PHENIX Cu-Cu 15=200 GeV, 1.2<|y|<2.2, p <5 GeV/c PRELIMINARY
calculated from PRL101,122301 (2008)
@
- )
| 1 1 L1 111 | 1 1 1 L1 11 I| 1 | 1
2
10 10 ( )

P2 o
(oh)

L

2
I'\J<p T

0.5}

Inclusive Jhy

A ALICE, pp \s=2.76 TeV, 2.5<y<4

o ALICE, Pb-Pb\s,,=2.76 TeV, 2.5<y<4
A PHENIX, pp \s=200 GeV, 1.2<|y|<2.2
e PHENIX, Au-Au \s,,=200 GeV, 1.2<|y|<2.2
e NAGBO, p-A 1s=17.3 GeV, O<y<1

o NA50, Pb-Pb \s,,=17.3 GeV, O<y<1

ALICE

PRELIMINARY

0 et :

IIIIII| 1 1 IIIIII| | 1

10 10° (N

part

)

At LHC for central collisions softening relative to peripheral collisions and relative to pp
(opposite trend to RHIC) - consistent with formation of J/psi from thermalized c-quarks
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comparison with (re-)generation models

midrapidity

Ran

1.2 [ [Z7] Transport model (Zhao et al., Nucl Phys. A8s3(2011)114)
T [ Transport model (Zhou et al., ariv:1401.5843)

- ALICE Preliminary, inclusive Jly—e'e
1.4 [~ W Po-Ph, {5p=2.76 TeV, |y|<0.8, centrality 0-40%
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good agreement lends further strong support to the
'full color screening and late J/psi production’ picture



Raa: J/y yield in AuAu / J/y yield in pp times N

coll

0.8 T T

5___ T
= o o o
EEEI: o, AutAu 0-20% (N,=280) Au+Au 20-40% (N

cer=140)

0.6 u
0.5

0.4
0.3, .:;;

0.2

0.1

0

good agreement, no free
parameters
same holds for
centrality dependence

data: PHENIX nucl-ex/0611020
additional 14% syst error beyond shown

model: A. Andronic, P. Braun-Munzinger, K. Redlich,

J. Stachel Phys. Lett. B652 (2007) 259
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remark: y-dep opposite in
'normal Debye screening’
picture; suppression
strongest at midrapidity
(largest density of color
charges)
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RAA

Tr ALICE Preliminary, Pb—Pb\’sNN =276TeV,L=70 ub’1
B Inclusive Jhy, centrality 0%-90%, 0<p1<8 GeV/c  global sys.= 6%
1.2 ALIcE - ’
[ PRELIMINARY ALICE Preliminary, Pb—Pb\’sNN =276TeV,L=1.7 ub
L ® Inclusive Jhy, centrality 0%-80%, |y|<0.9

0'6;_ @@@% HEEE

0.2 |- open: reflected

AITICE comm(l)n glob. sys. =+4 %
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4
y

comparison to shadowing calculations:

- at mid-rapidity suppression could be
explained by shadowing only

- at forward rapidity there seems to be
additional suppression

- need to measure shadowing

for statistical hadronization J/y yield
proportional to N2

higher yield at mid-rapidity predicted
in line with observation

>
o

1.4

B | ALICE Preliminary, Pb-Pb\fsNN =276TeV,L=70pub"

- W Inclusive J/y, centrality 0%-90%, 0<pt<8 GeV/c  global sys.= +6%
1 2 —_ PRnELI;I}I(I:\;ﬂERY ALICE Preliminary, Pb—Pb\J'sNN =276TeV, L~ 1.7 ub"

i ® Inclusive J/y, centrality 0%-80%, |y|<0.9 .
O Wiz ///////// o
0.6F ! i "

0.4 Shadowing in Pb-Pb {s, =2.76 TeV E E

B — EPS09 shadowing (R.Vogt & al.), pt>0
02 B % nDSg shadowing (E.Ferreiro & al.), pt>0

: ALICE common glob. sys. =+ 4 %
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R AA

: Pb-Pb \‘sNN =2.76 TeV and Au-Au \Sun = 0.2 TeV
1.2 m ALCEJy - wu, 2.5<y<4, centrality 0%—20%
[ & PHENIXJhy — p*y, 1.2<[y|<2.2, centrality 0%—20%
1 e e e e e — e e e e e e e et aaraa e e e e e e e aaaaaes
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- ALICE inclusive J/y — p*u’, 2.5<y<4
- 7
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- q}-{h'"‘-
B 0y, 5
o L
- L + ________
3 ,..-.-:::rri:-:{;_';_':‘:i.-.f-.,J-I-.-,J_» ______
 PHENIX inclusive Jiy — pw, 1.2<lyl<2.2 "> *---:;.f.;;_";,,ﬂ’_"i.,,
C ® Au-Au and Cu-Cu |s, = 0.2 TeV, global syst. = 3% " e
B NAS5OQ inclusive Jiy — pip, O<y <1
— & Pb-Pb sy, =0.017 TeV, global syst. = 3%
C Transport model calculations
f TMA ALICE
: -IrM2I | | IAll_IlclE | TI.RIHI\C\ 1 1 I| -.-SI:I)S | |
1 10 10°
(N__)
part

p¢ dependence at LHC opposite to RHIC and SPS
supports argument: thermalized deconfined charm quarks hadronize into J/y
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<

oc

0.6

0.2

0

1.2+
1

0.8+

0.4

| Pb-Pb {5, = 2.76 TeV
— B ALICE J/y — p*u, 2.5<y<4, centrality 0% —90% global syst. = + 8%

® CMS J/y — u'w, 1.6<|y|<2.4, centrality 0% —100% global syst. = +8.3%
- i . i $ $ ¢ &= relative yield larger at low p, in nuclear
- collisions
_I L1 | | L 111 | L1 ‘ T | L1l | | L1 11 | T | L1 ‘ T I | | L 11|
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p. (GeV/c)

what effects to expect?
- statistical hadronization in p; range where charm quarks are reasonably thermal

- modification of spectrum relative to pp due to radial flow
- suppression in Rp o due to charm quark energy loss (see D mesons)

Johanna Stachel
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charm quarks thermalized in the QGP should exhibit the elliptic flow generated in
this phase

Counts/ (50 MeV/c?)

(cos 2(0-Y))

ALICE data analysis in 4 centrality bins

& Pb-Pbys,. =276 TeV, centrality 20% - 40%, 2.5 < y < 4.0, 2.0< p_<4.0 GeVic
2000
:_**’ e  Opposite sign pairs
e, Fit total
1500~ ., — = Fit signal
B Fit background
1000~
500
- (a)
B .'““"]mmnn
— et
0.1 ®  Opposite sign pairs
C Fit total v,(m,, )
ot d
o % + ?
: |(t|)) L L | L L L L 1 L L L L 1 L L L L 1 L L L |
2 25 3 35 4 45

Centrality ~ (N,.:) EP resolution =+ (stat.) & (syst.)
5%—-20% 283 +4 0.548 4+ 0.003 + 0.009
20%—40% 157 £3 0.610 £ 0.002 £ 0.008
40%—60% 69 £+ 2 0.451 £ 0.003 £ 0.008
60%90% 15+ 1 0.185 £+ 0.005 + 0.013
20%—60% 113 £3 0.576 £ 0.002 £ 0.008

analyze opposite sign muon pairs relative
to the VO event plane as function of mass
and for each pt bin

- fit distribution with

bkg

V(M) = v5ra (M) +vy = (M) [1— ot(my )]

where o(my,,) =S/ (S+B) fitted to the
mass spectrum
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PRL 111 (2013)162301 arXiv:1303.5880

but:
CMS observes similar v, at higher p,

7-"N : ® ALICE (Pb-Pb \s,, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0
: Y. Liu et al., b thermalized
SCLELTT Y. Liu et al., b not thermalized
0.2F—. X. Zhao et al., b thermalized

global syst. =+ 1.4%
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v, of J/y consistent with hydrodynamic flow of

charm quarks in QGP
and statistical (re-)generation
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this calls for
more and better data
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PRL 111 (2013)162301 arXiv:1303.5880
~ 0.3
>

- @ ALICE (Pb-Pb y’% = 2.76 TeV), centrality 20%-60%, 2.5 <y <4.0
| e Y. Liu et al., b thermalized
SCLLLLL Y. Liu et al., b not thermalized

- X.Zhao et al., b thermalized

0.2

global syst. =+ 1.4%

IIII|IIII|III\|IIII|I\II|IIII|IIII|'I_III‘IIIIlIIII

d 1 2 3 4 5 6 7 8 9 10
P (GeV/e)

v, of J/y consistent with hydrodynamic flow of charm quarks in QGP
and statistical (re-)generation
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charged particles <

Pb-Pb 2.76 TeV Centrality 30-40%

v, {EP} ALICE preliminary

v, {EP} CMS preliminary

v, {EP} ATLAS

v,{SP} ALICE (An>1.0) prel.
V,{EP} ATLAS preliminary

* + & <« 1

T -
pT(GeV/c)

jet fragmentation regime
vy driven by energy loss

—» J/psi
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1s high p; v, of the same origin?
1.e. path length dependence of
E-loss?
calls for more data
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JHEP 1506 (2015) 055, arXiv:1503.07179

& Es
% 14F ALICE inclusive Jiy—sy* %1 4 [ ALICE inclusive J1y eter
Qc [ ® Ry (2.03<y_ <3.53)x R ™ (-4.46<y_ <-2.96), |5, =5.02TeV g [ @ R2(1.37<y__<0.43), {5 =5.02TeV
2 212 _ W Reums (2.5<y__<4), VSun = 2.76 TeV, 0-90% +' o 192 | B Reeeolly_|<0.8), {5, = 2.76 TeV, 0-50 %
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at low p; yield in nuclear collisions above pPb collisions
J/psi production enhanced in nuclear collisions over mere shadowing effect
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o]
G4 4L PPb\s,=502Tev
Q: U ALICE (JHEP 02 (2014) 073): inclusive J/y—u*u, U<pT<15 GeV/e
L (-4.46<y_ <-2.96)=5.8nb",L_ (2.03<y_ <3.53)=5.0 nb"
ALICE (JHEP 06 (2015) 055): inclusive J/y—e*e’, pT>0
Ly (-1.37<y_ _<0.43)= 51 pb’
global uncertainty = 3.4%

iy M B

0.4F

0.2F
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-4 -3 -2 - 0 1 2 3 4ycmS
use these data to extract relevant
shadowing for J/psi production in PbPb:
for mid-y suppression by 0.56 + 0.20

(all data + consult R.Vogt)

fory =2.5-4.0 a 0.71 £0.10
(forward/backward data + consult R.Vogt)

Johanna Stachel
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0.4Ff

0.2

ALICE forward/backward
arXiv:1308.6726 JHEP 1402 (2014) 073
good agreement with LHCb
arXiv:1308.6729 JHEP 1402 (2014) 072
ALICE mid-y

arXiv:1503.07179 JHEP 1506 (2015) 055

p-Pb \s,,=5.02 TeV
ALICE (JHEP 02 (2014) 073): inclusive J/y—p*y’, 0<p <15 GeV/c
Lin (-4.46<y_ <-2.96)=5.8 nb™, L _ (2.03<y_ <3.53)= 5.0 nb™
ALICE (JHEP 06 (2015) 055): inclusive J/y—e’e’, p >0
Ly, (-1.37<y__<0.43)= 51 pb”

global uncertainty = 3.4%
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EPS09 NLO (Vogt)
CGC + CEM (Fuijii et al.)
CGC + CEM (Ducloué¢ et al.)
— [~ 7] CGC + NRQCD (Ma et al.)
ELoss, q =0.075 GeV¥fm (Arleo et al.)
| |:| EPS09 NLO + ELoss, q; =0.055 GeV?/fm (Arleo et al.)
|— —— EPS09 LO central set (Ferrelro etal.)
[ == EPS09 LO central set + c,, = 1.5 mb (Ferreiro et al.)
[ ==-.EPS09 LO central set + 6, = 2.8 mb (Ferreiro et al.)
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-4-3-2-10123@
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crucial input for both statistical hadronization model and transport models for destruction and
regeneration of charmonia

sofar, no measurement of the cross section for PbPb

proxy: take pp cross section at 7 TeV and scale to 2.76 TeV using FONLL s dependence
apply shadowing correction derived from pPb data

LHCb: NPB 871 (2013) 1 arXiv: 1302.2864
y=2.0-4.5 and 7 TeV dsigma(ccbar)/dy = 0.568 + 0.054 mb

extrapolate to 2.76 TeV and y=2.4-4.0 =0.290 £ 0.028 mb
apply shadowing (x 0.71 = 0.10) “ =(0.206 +0.035 mb baseline for PbPb

ALICE: arXiv:1605.07569, D-measurement down to pt=0
lyl <0.5 and 7 TeV dsigma(ccbar)/dy = 0.988 + 0.150 — 0.221 mb
extrapolate to 2.76 TeV “ =0.588 + 0.089 — 0.132 mb

apply shadowing (x 0.56 £ 0.20) =0.329 + 0.128 - 0.138 mb = baseline for PbPb
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Pb-Pb, |s,,, = 2.76 TeV, 2.5 < y <4.0
m ALICE (+15% syst. unc.)

Statistical Hadronization Model
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Pb-Pb, |5, = 5.02 TeV, 2.5 <y <4.0

Statistical Hadronization Model
——do__/dy = 0.322 mb

v @6 [dy £ 0.070 mb

NS T T N DT T

50

to constrain models more: need precise ccbar cross section for PbPb
for sqrt(s_NN) = 5 TeV expect increase for central collisions by about 10-15%

transport models should use this same ccbar cross section
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arXiv: 1506.08804

ALICE {5,,=2.76TeV , 2.5<y<4, 0<p_<3 GeV/c
ALICE {53,=2.76TeV , 2.5<y<4 , 3<p_<8 GeVlc
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- experimental errors still significant

- within errors consistent with low value 1n statistical model due to
suppression with Boltzmann factor

- also consistent with larger values resulting from transport models
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- errors of data still large

- are we seeing a peculiar pt
dependence? If so, could we see
effect of collective flow of charm
quarks before hadronization?
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J/ps1 formation via statistical hadronization at T, implies

experimental determination of Debye length (mass) and temperature

Ap<0.4fmatT =156 MeV

can compare to theory:

quite ok

Fig.

or op/T > 3.3
'Illr— | —5— 1pr= &+ ] —
. mp(T)T LO, Ny=3 — — - _ Nt —a
5t NLO, N,=3 — 1 ek ; : N g
it | 4 {
oo E} — t; i i &
" . T —a s 7 o ® s @@
e —
- 06 m
I ]
:-) _- - - - - _ e - - = - 2 '@ +] =)
] L
l - L 1 L
l L3 2 2.3 3 13 9
200 300 400 300 G00 700 TIT
T[MeV] c
6. (Left) The Debye screening mass on the lattice in the color-singlet channel together with

that calculated in the leading-order (LO) and next-to-leading-order (NLO) perturbation theory
shown by dashed-black and solid-red lines, respectively. The bottom (top) line expresses a result
at p = w1 (3nT), where p is the renormalization point. (Right) Flavor dependence of the Debye
screening masses. We assume the pseudo-critical temperature for 2 + 1-flavor QCD as T, ~ 190
MeV.

arXiv:1112.2756  WHOT-QCD Caoll.
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arXiv:1112.2756  WHOT-QCD Caoll.
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LHC runl:
2 PbPDb runs
- 2010 O(10 ub-1)
-2011 O(150 pb-1)
luminosity reached #’=2 1026 cm-2 s-1 twice design lumi at this energy

I pPb run
-2012/2013 O(30 nb-1)

from 2/2013 until end of 2014 LS1: consolidation of LHC to allow full energy

LHC run2: 2015-2018 PbPb running at Vsny = 5.5 TeV
to achieve approved initial goal of 1 nb-1

late 2018 start L.S2 — increase of LHC luminosity und experiment upgrade

LHC run3: 2020 onwards - expect -£#=6 1027 cm-2s-1 or PbPb interactions at 50 kHz
achieve for PbPb 10 nb-1 corresponding to 8 1010 collisions sampled
plus a low field run of 3 nb-1 + pp reference running + pPb - a program for about 6 years
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o
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 1d - reduced comb
background
thinner ITS reduced radiation tail
both affect signal extraction
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for statistical hadronization need to see suppression by

Boltzmann factor

Y even bigger difference

expected ALICE performance ===
muon arm run2 and run3
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in factChereone can

distinguish between the
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orm charmonia already
in QGP and statistical
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boundary!
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new high performance ITS plus rate increase (TPC upgrade)

Upgrade Upgrade
< 2 e e Oud e UL LR B ™
=T — ]
T 1.8-ALICE Upgrade Pb-Pb,\[5,, =55 TeV - 0.35/ % Pb-Pb, |s.,,=5.5 TeV |
1.6 Ly = 10 b, centrality 0-10% o 35_ i Centrality 30-50% -
142 DEI_} Kt : T 0 Koot 1.6x<10"" events :
- j e 1 0.25 -
'112__++_+_+ NCln'prE'mpt g;;lfmT-,-'e e :EJIEIIEl-E:l —_" B — prompt ]
Upgrade of the - S mews g g 0%,
. 'I_ .......... .+_ ............................................................. — . . o = from B
ALICE Experiment - ; Dok ’ :
Letter of Intent E,Eﬂ - 0.15F -
_c—— 2 + ] - - ]
D1E_ L2 ] 0.1—= Ll - P
= & ¥ A . . -y T JooDooDOoOoOooOo
Dld; -B-E-B‘—E—_“_ _:| E'DST .. ......... ""tt!-:
0.2 - B ¢
L 4 G | I T T o [ ' | L
00 L 11 | 11 | L | ] [ ] [ l] =2 4 E B 'ID 12 14 1E
> 10 9 20 @ G %’q ALICE, C HCC-2013 024DT (GeVic)
ALICE, CERN-LHCC-2013-024 P (GeVic) CICE, CERN-LRCL-A00.2-

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/U Charm v, down to p;~0 using
prompt and beauty v, down to B
p,~0 using B-decay D°
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physics reach after ALICE upgrade

D meson RAA
D from B RAA
D meson elliptic flow (for v2=0.2)
D from B elliptic flow (for v2=0.1)
Charm baryon/meson ratio (Ac/D)
Ds RAA
Jiy RAA (forward y)
Jhp RAA (central y)
Jiy elliptic flow (forward y, for v2 =0.1)
"
Dielectrons Temperature IMR
Elliptic flow IMR (for v2=0.1)
Low-mass vector spectral function

_ hyper(anti)nuclei, H-dibaryon
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pT>0, 0.3%
pT>0, 0.5%
pT>0, 5%
pT>0,10%
10%onT
10%
pT>0.3, 20%
3.5% (4AH)

}

stat. error at min pt




Multiplicities
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= | - e*e’, \§=91 GeV 3 Comparison of stat.
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i T ] with data
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: —— e, =1 Phys. Lett. B678 (2009) 350,
] I 3 arXiv:0903.1610 [hep-ph]
4 charmonium cannot be
20 s ! 4 described
: 4 o <+ .= 1 atallin this approach
§ e g =i o o i §
. ® Data asl 1 But: all charm quarks
= Model, T=170 MeV, V=18 fm, y =0.66 hadronize
: :ﬁ-ﬂ%voir 5 o
= ¥ no flavor, bottom; x1 0" 3 at 170 MeV
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core-corona effect considered: important for more peripheral collisions

(14 29 29 29 b
core” up to Ry + X,  “corona” outside L fie !
kel
5 S S O 09} Au+Au T X=0fm
e 018 £ EY e X_=0.7 fm
= | B Au ® 08|:
> 016 \ = > 5 — X,=1.2fm
7 | 5 07
E n:|14I \ | S
g 012 \\\. y 0.6
1] | = 1
3 D_1I \yi c 05
Z 0.08 | A |
| A 04
N\
004! X 0.3
04 -\
|
0_021 B
| ! =g g e U g |
°% 1 2 a3 4 5 6] 7 8 9 10 e
R, Radius (fm) 0 ‘
0O 50 100 150 200 250 300 350
Npart

Npart(b) =Ncore(P) + Neorona(b)
Collisions in corona region treated as in pp, core: medium, e.g. QGP
dNep/dN/Npar(b) = dNp/dN/Negre(b)+ ANpPP/AN/Neorona(b)  and same for J/psi
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core-corona effect

Fraction from core

Johanna Stachel



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90

