motivation and link to phase boundary
a wealth of results from runl/run2 at the LHC
- charmonia

- statistical hadronization vs transport

- bottomonia

work done over the past 18 years in collaboration
with Peter Braun-Munzinger, Anton Andronic,
Krzysztof Redlich and recently Markus Kohler
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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 with plasma formation

table from H. Satz, J. Phys. G32 (2006) 25

in the QGP, the screening
length Apepye(T) decreases

with increasing T. If

xDebye(T) < I'¢harmonium the

system becomes unbound < ® | o [fm] | 0.50

state | J/0 ] ve || T ow | Y| | Y
mass [GeV] | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AE [GeV] | 0.64] 0.20 | 0.05| 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

0.72 | 0.00 | 0.28 | 0.44 | 0.56 | 0.68 | 0.78

— notion of charmonia as thermometer — sequential melting
signature of deconfinement, but no direct link to phase boundary
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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,
——3 cnhanced production at colliders — signal for deconfinement
production probability from thermalized charm quarks scales with N char-

yields of charmonia (and open charm hadrons) directly linked to phase
boundary and hadronization temperature
still probe of deconfinement
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@ 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

Ndz'rect _gc Z nthefrm 4 nf\hefrm Z nthefrm
1 I ( Ntherm)
.. dir _ — therm
and for N.z<<1— canonical: N_; = 2chOC To (g N therm)
I
obtain: Np = Nther'nm ‘g - I_l and N j/y = N}}?f{m : gg and same for all other
0

charmed hadrons

additional input parameters (beyond T,y fixed from light flavor hadron yields): V, IV, Cdé’ rect

- volume V fixed by dN _/dn

- N, gg 7" from data (or pQCD where data are lacking)

- causally connected region — use 1 unit y (but tested a range)
- core-corona: treat overlap in the tails of nuclear density distribution as pp physics
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implementation of screening into space-time evolution of the fireball
—» continuous destruction and (re)generation in QGP

Thews et al., 2001, Rapp et al. 2001, Gorenstein et al. 2001, P.F. Zhuang et al. 2005
enhancement at colliders possible

notion of hadron-like states in QGP
make use of modified spectral functions and gluon distribution
again no direct link to phase boundary
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a Development of b

Start of callision quark-gluon plasma Hadronization 12
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charmonium enhancement as fingerprint of deconfinement at LHC energy

- a prediction!
Braun-Munzinger, J.S. Phys. Lett. B490 (2000) 196
Andronic, Braun-Munzinger, Redlich, J.S., Phys. Lett. B652 (2007) 659
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Expectations for LHC

2 possibilities:

statistical regeneration

600¢C 23%¢S'H

sequential suppression

J/ W Production Probability

Energy Density
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, , _ measured ccbar cross sections at
A. Andronic, P. Braun-Munzinger, K. Redlich,

J. Stachel Phys. Lett. B652 (2007) 259 appropriate faPldltY by ALICE and 'LHCb
2 | | and shadowing from measured J/psi
Eg a3 do,/dy (mb) 1.28 .~ production in pPb collisions compared to
%, 1.75 . pQCD
'c; 15|
“"::r 0.85..
2_31.25
g mid-y LHC 2.76
S 1 1 land 5.02 TeV
=075 | 0.43 |~ including shadowing

05 = 032 fOI'W&I'd-y LHC 2.76

} and 5.02 TeV
0.25 including shadowing
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energy density --> h

‘% statistical regeneration

melting scenario not observed :

rather: enhancement with increasing energy density!
(from RHIC to LHC and from forward to mid-rapidity) S| seometial spprssion
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B \s, =2.02 TeV (ALICE, 2.5<y<4.0, £8% syst.unc.) ]
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lines: Statistical Hadronization Model
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production in PbPb collisions at LHC consistent with deconfinement and
subsequent statistical hadronization within present uncertainties
main uncertainties for models: open charm cross section, shadowing in Pb
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JAy formation via statistical hadronization at T, implies in classical picture:
Ap< 1y~ 0.5fmatT=156 MeV or wp/T>2.5

can compare to theory:

quite ok

Fig.

G : G .
’ M=1 —e— N=2+1——
mp(T)/T LO, Np=3 — — - ) [
5 NLO,N,=3 — e ; i N=0 —a_
1 A {
f} t; £ i &
- .. 3 T & 7l o = g @8
3 e _ —— -
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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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JAy formation via statistical hadronization at T, implies in classical picture:

Ap< 1y~ 0.5fmatT=156 MeV or wp/T>2.5
compare to recent finite temperature IQCD potential result:

- value at T lower

- systematics?

- and: lattice potential has real and
imaginary part, both contribute to
screening

other observable to determine Ap ?

e.g. Y vs J/y

2.5(
2.0}

1.5]

Y. Burnier, O. Kaczmarek, A. Rothkopf,

mp/T JHEP 1512 (2015) 101

I'l

0.5}

Johanna Stachel

’w% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII < IIIIIIIII|IIII|IIII|IIIIIIIIIIIIIIIIIIII

- ALICE Preliminary, Pb—Pb s, = 5.02 TeV a { 4 [ ALICE, Pb-PD {5, =5.02 TeV _
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ALICE, PLB 766 (2017) 212

part

transport models also in line with Rz 5

but a much larger open charm cross section used and a smaller uncertainty were
used in these calculations
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1.4
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Pb-Pb, |5y = 2.76 TeV

proportional to N 2 -higher yield at mid- 045 Ceontraiity 0-10 %
v 1. . . . . . i Statistical Hadronisation Model (A. Andronic ef al.)
rapidity predicted in line with observation 02f o ALICE data

Jy = e, |y | <08 (Phys.Lett. B 734 (2014) 314)

(at RHIC and LHC) E Jy — -, 25 < y <4 (Phys. Rev. Lett. 109 (2012) 072301)
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Inclusive J/y — p*u, 0-20% centrality
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3 ® ALICE, Pb-Pb\s,,=5.02TeV,25<y <4 B
B ALICE, Pb-Pb\s,, =276 TeV,25<y <4 N
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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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5 2 - L L L L L e e 1
 {gE ALICE, Pb-Pb (5, = 5.02 TeV, 0-20% ; enhancement at small p; as compared
1.6 _ @ Uy pw 25<y<4 (PLB 766 (2017), 212) _ to PP collisions!
1.4F B Jy—e'e |y <09 (Preliminary) . . ..
" H e ’ : — was predicted for statistical
s .. e * hadronization component
N ; . .
06 L. E what does statistical hadronization have
0.4 S . E
0ok _I . - . ; to say about p; spectrum?
0 : | 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 | 1 | 1 1 1
0 2 4 B 8 10 12

P, (GeVi/c)

the physical picture: charmonia are formed at hadronization from charm quarks in
the medium

implies: they should exhibit — as other hadrons — a spectrum characterized by the
temperature and the flow of the surrounding medium

recipe: take flow characteristics at T, from a good hydro describing the other light

flavor observables, normalization given by ccbar cross section (see above)
in the following first results in this direction — work in progress, plenty of

~ systematics to be checked



¢ - velocity profile linear in r

- average transverse velocity:
J 0.55¢c

~

rifm
first approach: use blast wave parameterization with hydro input, i.e. linear velocity
profile and correct mean velocity and T, for J/yy mass for core

and pp spectrum for corona
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work in progress!

- 1 1 1 1 1 -
- Statistical Hadronisation Model
B (A. Andronic et al)
| B
— ® ALICE data
i Jiy — e'e”, |y |<0.8 (preliminary data)
F| il —
F Pb-Pb, {sy = 5.02 TeV -
- Centrality 0-20 %
0 2 4 8 1
p, (GeV)

quite reasonable agreement
to explore: corona fraction (presently starting at 10% pg or 20% pg) ,

radial density profile + B(r),
3+1 d hydro vs 2+1, ...
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T T T T
Statistical Hadronisation Model
(A. Andronic et al.)
E e ® ALICE data
F —- Jhy = p'u—, 2.5 < y < 4, JHEP 05 (2016) 179
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enhancement at small p; as compared to pp collisions!

— was predicted for statistical hadronization component
also new formation of charmonia in transport model description reproduces
features roughly, but starts to be challenged
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arXiv:1709.05260
—————————
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o 02f 4  should exhibit the elliptic flow
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- i ¢| .
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L op ]
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0 [ = and vanishing signal for high py
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first observation of significant J/y v, in line with

expectation from statistical hadronization
can be computed following approach above with
hydro velocity profile
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not a detail, which model 1s right, but fundamental question
link to phase boundary and existence of bound states beyond T at stake

- Raa can be reproduced by both, albeit with different charm cross sections
go away from R o, normalize to open charm cross

- spectra: transport models start to be challenged, need more precise data
and more refined hydro based computation

- similar: v, of J/y
- maybe decisive: excited state population
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Centrality 0-80%

| +Ath5 preliminary
- = Energy loss [Spousta, arXiv:1606.00903]

=== Melting + absorption [Siddikov, EP52017-Talk]

Energy loss [Arleo, arXiv-1703 10852)
w,_ = 0062

30

5N
o

p, [GeV]

looks like R o of other hadrons, understood in terms of energy loss

very implausible that this 1s primordial J/\y
how far out does statistical hadronization mechanism reach?
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Production of ccbar - open charm
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3800

Counts per 5 MeV/c?
S
=

5103
ALICE

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

D" - Kt

and charge conjugate

O<p. <1 GeVic

e« Kz ULS pairs

:_ e bkg

F —— TrackRot bkg

N R R ¥R N N
M(K=) (GeVic?)

Event-mixing bkg subtracted

very hard struggle to deal with (irreducible) combinatorial background,

il I
-

e
M(Kz) (GeVic?)

Side-band fit bkg subtracted

I1?Eil = %IEIéI I |2
M(Kx) (GeVic?)

1.8 1.85

very recently successful for DO in pp and pPb
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B 10° _ 1 FONLL: Cacciari et al., arXiv:1205.6344
9 Prompt D, y|<0.5 3 Prompt D, lyl<0.5 3 GM-VFNS: Kniehl et al., arXiv:1202.0439
= 10 —— ALICE _: —=— ALICE _
E B FONLL 3 GM-VFNS =
<, B 7 data are compared to
5 - 1 perturbative QCD calculations
e —— EH e % reasonable agreement
10 e T +===== - at upper end of FONLL and
+ 3.5% lumi, = 1.0% BR uncertainty not shown o 2= 3.5% lumi, £ 1. Uncerainty not snown ]
f b at lower end of GM-VFENS
N -
R TV R TV R - 2530 35
P (GeV/c) [ (GeVic)
mid-y cross sections Extr. factor to pr >0 | do /dy |,j-05 (UD)
DY 1.000210-9904 512 4 37(stat) 4 39(syst) & 18(lumi) + 5(BR)
D+ 125195 235419(stat) £26(syst) = 8(lumi) = 6(BR)*32 (extrap)
D*f 1.211958 251 +29(stat) £ 24(syst) £ 9(lumi) £+ 3(BR) "3 (extrap)
DY 2231088 89 4 18(stat) & 11(syst) & 3(lumi) + 3(BR) 35 (extrap)

Johanna Stachel

@fﬁ% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




PRC94(2016) 054908 arXiv: 1605.07569

S TTT || T T T TTT I‘ I T T TTT || T T T TTT ||
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“‘Eﬂ 0* [CJALICE extr. unc. kK -
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10° —— NLO (MNR) ¥’ —

R ] HERA-B (pA)
10 = M E653 (pA) 3
- \/ E743 (pA) ]
B V¥ NA27 (pA) N
i , ¢ NA1S (pA) |
10 ,'li} O E769 (pA)
:IIII ' | J!\\III‘ | ||||||| | ||||||| .

10 10? 10° _ 10°
I's (GeV)

@ 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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use shape of FONLL to interpolate to proper s and y-interval

—g 14 W LHCb, pp, 2.0<y<45 7
~ _  FONLL (CTEQS6.6), pp, 2.0<y<4.5 ]
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LHCb: 5 TeV arXiv:1610.02230
7 TeV NPB 871 (2013) 1
13 TeV JHEP 03 (2016) 159
plus erratum
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1

af P (i = 502 TaV ALICE forward/backward arXiv:1308.6726
L b = . .
I ALICE arXiv:1308.6726: inclusive J/y -y, 0<p_ <15 GeVic good agreement with LHCb arXiv:1308.6729
1 2 = 'Llnt {-4.46@'}"“!‘:-2.95} = 55 I'Ihl 1 LIM {2.“31}"‘““{3.53} = 50 Hb. ALICE mid_y hard probes 20 1 3
=l H ALICE Preliminary: inclusive Jiy—e'e’, pT:-lJ GeV/c
i HM_II Wl L, (137<p_ <0.49) = 527
P o o OO
0.8
0.6F ae0
0.4 L [(J[Juncorr. systematic uncertainty
B part. corr. systematic uncertainty
L common T, uncertainty
0.2+
0 i | L | | L | va el | 4 |
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pF

1.4

ALICE Preliminary

> Inclusive Jiy — pw, p-Pb |s,,, = 8.16 TeV

0.8+
0.6 B EPS09NLO + CEM (R. Vogt) %
B nCTEQ15 (J. Lansberg et al.)
qu. l-_— CGC + NRQCD (R. Venugopalan et al.)
i CGC + CEM (B. Ducloue et al.)
B Energy loss (F. Arleo et al.)
02 -_ —— Transport (hot + cold nuclear effects) (P. Zhuang et al.)
: = = = Comovers (E. Ferreiro)
UlIIIiIIIJJJ]lll.LIII|IIIIJJJll|.l||||JIIIJJJJ[I.ll||

-5 4 3 -2 -1 0 1 2 3 4 5
ycms

good agreement with shadowing calculations
also with energy loss models wo shadowing
and CGC calculation

Johanna Stachel

ALICE new 8.16 TeV data

pp open charm do/dy plus
nuclear effects from J/y in pPb
form current baseline for
charmonia in PbPb
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< 2_[ I TT ' T TT1 | T T 17T | T 1T l T 17T ' T TT | T 17T T |_ .
<C - i

'y - ALICE 1X

1 8j 0 — m

- 0-10% Pb-Pb, s\ =2.76 TeV mD - g

1.6~ AD* lyl<05 &

1.4 °D” 1S

- 12

1.2 Filled markers : pp rescaled reference — ©

C Open markers: pp pT—extrapoIated reference E
Ao .
0.8F -
0.6 m =
0.4 i -
0.2[ - ﬁﬁﬁ;@; I .
0:| I 1 1 | 11 1 | L1 1 1 | | T | | I | ‘ | I I | | 111 | L1 1 |:

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 elliptic flow for charm — participation in coll. flow

{ 2_| TTT T T 17T | TTTT | T TTT | T TTT | 7171 | T T T | T T LI —_— C T T T T | T T T T I T T T T | T T T T T T T T I_
< T ALICE - o)) - N~ -
@ 18- 0-10% Pb-Pb, |5, =276 TeV — L 3 0-3C ALICE Preliminary :
B - AN - o _ ]
1 6F « Average D°, D", D", ly|<05 - O <]:0_25__ 30-50% PDb-Pb, \s\ = 5.02 TeV =
r o with pp p_-extrapolated reference - ; . - |y|<0.8 -
1.4 » Charged particles, |<0.8 = & 0.2 —
- e Charged pions, ||<0.8 - W -z - $ ‘ ]
1.2 - ~0.15F =
- . E N ]
o - 0.1:—{, % J%f 3
0.8} - o B -
- . 0.05( -

0.6 gud.s . - 2 ell : J$L 1w
- C . O b —
0.4 e = + . 0 055 e Prompt D°, D" average i
:Ii"HL . —0.05 ] Syst. from data —]
0.2 .ﬂi*ﬁ - N Syst. from B feed-down ]
0 L 11 | | | I - | L 111 l L 111 I L 111 | 1111 | L1 1| | (.| r _0.1:_ | I | | | _:

0 5 10 15 20 25 pSO(Gg%/C‘;{O 5 10 15 20 o5

T (o (GeV/c)

M.Djordjevic, arXiv:1307.4098:

equal Rp A 1s a conspiracy of different

fragmentation functions of light quarks,
_gluons, charm and different color factors in

energy loss
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o E ALICE ]
1.8-0-10% Pb-Pb, | s, = 2.76 TeV —
B BT yepepu TAMU elastic .
1 61 ® Average D° , D", D*" |y|<0.5 .. ... Cao Qin, Bass
"7 - O with pp p_-extrap. reference Cieiein MC EJ%TESE) -
1 4 — NLOMNR) with EPS09 shad. — o EXMEANG 7
L BAMPS el.+rad ]
e e PHSD
1.20
1'_’ .....................................................................

i
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| J

PRL 111 (2013) 102301, PRC 90 (2014) 034904

>
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0.4

I T T ‘ L | 17T | 1T | L | 1T | T T T | LI | T
30-50%, Pb-Pb
Sy = 2.76 TeV

- = ALICE D°,D", D™ average
- [ ]Syst. from data
_ []Syst. from B feed-down

0.3 =
0.2F =
0.1F ]
(0] ]
- WHDG rad+coll ]
| — . POWLANG in-medium had. ]
—0.1— ... MC@sHQ+EPOS cuees PHSD o
L Cao, Qin, Bass - BAMPS el. -
C--- -‘TAMUI elastilc | e El’AMPS| el.+ra}d.:

0 2 4 6 8 10 12 14 16
[ (GeV/c)

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)

Johanna Stachel
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0-100% 0-10% Central

25.8 pb1(5.02 TeV pp) + 404 ub ' (5.02 TeV PbPb) 25.8 pb™ (5.02 TeV pp) + 404 pb' (5.02 TeV PbPb)
:_CMS l-|H DD :_CMS EIHMDU
1-4: Preliminary AR 1-4: Preliminary —— S Caoc et al.
B —  S.Caoetal 0-80% B ]
1 '2; T, and lumi. . 1 '2; Tiux and lumi. PRSD W/ Shadm'””lg
45 -uncertainty ... OS] q ungert@inty ... [ FHSDwioshadowing
- Centrality 0-100% - L._ Centrality 0-10%
C 0.8 lyl <1 C 0.8+ Llyl<1
2P B
0.6+ 0.6
0.4 0.4
0.2 0.2F
U_ 1 1 1 1 11 1 I| 1 ] 1 1 11 II| U_ 1 1 1 1 11 I| 1 ] 1 1 | | II|
1 10° 1 10°

10 10
P (GeV/c) P (GeV/c)

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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PLB 718 arXiv:1209.3715

—~ 80
Pb+Pb— Ph+Pb+JAy V_ 2.76 TeV N(_;
~ C ‘ T T T T | T T T T T T T T ‘ _| —
& = = >
£>£ 40E- = O 70
2 e ALICE E =
S o 3
€ 30— 36<y<26 - > o0
)] = n -—
L 25— — S
T - g 3 50
c C . ~—
I 1S
c 1°H = T 40
o) I i T
2 105 = <
£ = B ©
Q  E =
OE ! | ! | I I | \'T' l '[l 4 \l l l‘Ll l i==ld TE
4

25 3 35

.h
(.J‘I

M., (GeV/c?)

photoproduction in ultra-peripheral PbPb
collisions — excellent signal to background
very good understanding of line shape

(probes nuclear gluon shadowing, not discussed
here)

ALICE EPJC73 arXiv:1305.1467

Pb+Pb—Pb+Pb+J/y |s,, = 2.76 TeV
ly|<0.9

—s— Opposite sign electron pairs
? N, =265+ 40

ﬁ m,,, = 3.092+0.036 GeWc
GJ,.I. =25.0 + 1.9 MeV/c?

05 3 35 4 4n T &% 26
M, (GeVic?)
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forward y—2 5 4. O

mid IyI < 0.8
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G 300¢ ALICE Pb- Pb1 \SNN =502 TeV E > [ NEvents: 7.53 M ALICE Preliminary 1
> osof L = 225 ub E = " Bkg scaled in: 1.5-2.5,3.2-4.2 Pb-Pb, {s,,, = 5.02 TeV ]
% - Centrality 0-10 % % 400001, g, < Mg, < 3.16 GeV/c® Centrality: 0-10%
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” 200001 ., —
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o-10000f _ E S 500F e
< C Mixed-event background _ 3
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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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1.4

ALICE Pb-Pb {5 = 2.76 TeV

R AA

1.2

@ Jy-—ee ly<08p>0 GeV/c global syst.= + 13%

B Jy o W, 25<y<4, 0<p <8 GeV/c  global syst.= + 15%

"""""""""?:E]"'

0.8
g ﬁ '
0.4
0.2
0|||||||||||||||||||||||||||||||||||||||
0 50 100 150 200 250 300 350 400
(Npart>

s nearly flat over large centrality range
s indication of rise for most central and mid-rapidity
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B Pb-Pb \"ﬁ =276TeV,25<y<40 ]
’}L B ALICE (£15% syst. unc.) N
i Statistical Hadronization Model j
B _ dGcE /dy = 0.220 mb _
B w0 /dy +0.035 mb 7]
0 50 100 150 200 250 300 350 400

Npart
- B ALIUL (2.5<y<4.U, T157% SYSL), ||Sy,=<./b 18V
: A @ PHENIX (1.2<y<2.2, £9% syst.), -."S_NN=0.2 TeV |

forward rapidity

lines: Statistical Hadronization Model

""" do__ /dy=0.25 mb
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- MW \s,,=2.76 TeV (ALICE, |y|<0.8, £13% syst.unc.)

" @ \s5,,=0.2 TeV (PHENIX, |y|<0.35, £12% syst.unc,) ....

- HH H "””""'c'ilé;f';i;;0.404 +0.077 mb
B lines: Statistical Hadronization Model
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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-

0 50 100 150 200 250 300 350 400
(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 ©)

?;‘:I 1 -8
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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 :*\._;"" ___________________ {
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N
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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)

?;‘:I 1 -8
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:— Bl ALICE J/y — p*u’, 2.5<y<4, centrality 0% —90% global syst. = £ 8%
i ® CMS J/y - u'u, 1.6<|y|<2.4, centrality 0% —100%  global syst. = + 8.3%
; H relative yield larger at low p_in nuclear
: H collisions
i o ' good agreement with CMS at high pt
:\\I\|IIII‘\I\I‘\III|I\I\‘I\II‘II\Il\I\\l\IIIlI\II
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o (GeV/c)

ALICE Preliminary, Pb—Pb\’sNN =276 TeV, L~70ub"’
~ ALICE
| PRELIMINARY o |nclusive JAy, centrality 0%-90%, 2.5<y<4 global sys.=+ 7%
L %é;é;;( Model (x Zhao & al., NPAS59 (2011) 114)

------- Regenerated J/y
—— Total without shadowing

=== Primordial J/y
....... Regenerated J/y

_ - statistical hadronization only expected for
e charm quarks thermalized in the QGP

_______________________________________

..................................... p dependence in line with this prediction
t

o 1 2 3 4 5 8 77 T8__ - :
p, (GeV/c) in CMS only suppression
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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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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)
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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
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0 et :

IIIIII| 1 1 IIIIII| | 1
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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

Johanna Stachel
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Number of Participants N, - challenge to regeneration models
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> C
w’ 1.6 :— ALICE Inclusive Hy—u'y Sy = Rl_t:lrw Pb;bba—cnw NQW
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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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~ 0.3

arXiv:1303.5880

0.2

0.1

@ ALICE (Pb-Pb !ifs_ = 2.76 TeV), centrality 20%-40%, 2.5 <y <4.0

global syst. =+ 1.3%

MM

D LI
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P (GeV/e)

charm quarks thermalized in the QGP
should exhibit the elliptic flow
generated 1n this phase

s expect build-up with p as
observed for T, p. K, A, ...
and vanishing signal for high p,

region where J/\y not from
hadronization of thermalized
quarks

hadronization

first observation of J/y v,

in line with expectation from statistical
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arXiv:1303.5880
~ 0.3

> - @ ALICE (Pb-Pb \l's—NN = 2.76 TeV), centrality 20%-60%, 2.5 <y <4.0
: — Y Lju et al., b thermalized
- mmmmas Y. Liu et al., b not thermalized
0.2

= X.Zhao et al., b thermalized

global syst. =+ 1.4%

IIII|IIII|IIII|IIII|IIII|IIII|IIII|"I_III|IIII|IIII
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pT(GeV/c)

v, of J/y consistent with hydrodynamic flow of charm quarks in QGP
and statistical (re-)generation
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:_ @ Inclusive Jhy — WU, VL{EP, An = 1.1}, 25 <y < 4, 20-40%, global syst: 1;‘: regiOIl Where J/\ll not from
- M Prompt D°, D' average, v,{EP, ANl = 0.9}, Iyl < 0.8, 30-50% . . . .
E [ syst from B feed-down | | ] hadronization of thermalized
5 10 15 20 25 quarks
P, (GeV/c)

first observation of significant J/y v, in line with
expectation from statistical hadronization
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arXiv:1709.05260

E_h\ 0_25 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

m - ALICE Pb-Pb, | s, = 5.02 TeV global syst : + 1%
= 02 =
0.15 [[E @J] I'%f] %ﬂ % %}] =
0.1 H $ —
0.05 ﬁ —
0 @ --------------------------------------------------------------------------------------------------------------- e
u Inclusive JAy — p-, Prompt D°, D*, D™ average,
u V,{EP, An=1.1},25<y <4 V,{EP, [Anl= 0.9}, ly< 0.8 7
—0.05 ¢5-20% * 40-60% 0 30-50%, arXiv:1707.01005 1
- ® 20-40% .
_0 1 C 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 T

"0 2 4 6 8 10 12
P, (GeV/c)

Strength of J/y v, similar to D-mesons
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charm quarks thermalized in the QGP should exhibit the elliptic flow generated in
this phase

E 0.25 | T T I T T T I T T T I T T T I T T T I _
L] - ALICE 20 - 40% Pb-Pb, | s, = 5.02 TeV .
e 02K Inclusive J/y - &
> “r me'e’, |y| < 0.9, V,{EP, An = 0} 1 <
. . C e - O, 25<y <4 V{EP, An=1.1} 12
first observation of significant 0.15 |- - global syst : 1% =
- r{'r—, -
L 4
JAy vy both at forwardand > o4F i $ +| 42
: .1 g ] =
'_ 1
mid rapidity 0.05F 13
- 12
O [ =
u X.Du et al. K. Zhouetal. (2.5<y <4) N
—0.05 - Inclusive J/y, |y|<0.9 Inclusive J/y w non-collective _]
T Inclusive J/y, 25<y <4 Inclusive J/y w/o non-collective
- Primordial J/y, 25<y <4 Primordial J/y -
_O 1 C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 7
"0 2 4 6 8 10 12
[ (GeV/c)

JAy elliptic flow 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)

E ® |5, =502TeV

- & I{SNN=2.?BTEV

Prompt only

N (PRL113 (2014) 262301)

16<|yl <24, 3<p, <30 GeVic

CMS

IIIIIIIIIIIIIIII[IIIIIIIIIII

Cent.
0-100%

expect value of 1/3
for inclusive pt and

5% CL

rrrorgrrrryrrrryrirryrrrryrerrd
ALY SALRI AR ALY AR

T eemcL

T T I I

I‘Illlllll|III1|IIII[IIIIII

——

central collisions

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

Johanna Stachel
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—@- ALICE Preliminary Pb-Pb, \s,,=2.76 TeV |y|<0.9, 0-80%
—k— CMS PbPb,\s,,=2.76 TeV |y|<2.4, 0-100%

o ALICE pp, 15=7 TeV, |~_.rw|<D.9
v ATLAS pp, 15=7 TeV, |~_.rd__v|<0.?5
a CMS pp, 1s=7 TeV, Iyd__w!cﬂ.g
» CDF pp, 1s=1.96 TeV. |yJ__w|cIIl6

p; integrated non-prompt B-fraction of
small

within current errors no significant
difference in pp and PbPb collisions

llJlIJlIJIlIIIIII.IIl

T

ALICE

PRELIMINARY

1[[1[[1l[]lrlI[IIIII[II[]]II][['I[[]Ifll[llfllr'llf
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LHC runl:
2 PbPb 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

1 pPb run
-2012/2013 O30 nb-1)

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

LHC run2: 2015-2018 PbPb running at v SNN =35.5TeV
to achieve approved initial goal of 1 nb-1

2019 start LS2 — increase of LHC luminosity und experiment upgrade, LHCb will join PbPb!

LHC run3: 2021 onwards - expect =6 1027 cm-2s-1 or PbPb interactions at 50 kHz

achieve for PbPb 10 nb-! 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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Jhy

2
o

1.4

0.2

12+
19N
o.sf
o.sf

0.4

Oo'”so

- Pb-Pb \T- 5.02 TeV, |y| < 0.8

| Statistical Hadronization Model _
r —— do_ /dy=0.560 mb
dG /dy + U 106 mb

'100 150 200 250 300 350 400

N

part

well on the way towards goal for run2
expect still a huge jump in performance

for runs3/4

fﬁ

Rel. stat. error on

di-electrons statistics limited, 10 nb-1 will have huge

effect

y

but also syst uncertainties will decrease with
upgrade:
will also add TRD for electron 1d - reduced comb
background
thinner I'TS reduced radiation tail

both affect signal extraction

Johanna Stachel
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if charm quark thermalize, their spectral
distributions should also reflect collective flow of

liquid

&N -1
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-, dydpt
3 3

1
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=1
S
%]

—y
<
e

- - - >
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= ALICE Preliminary, Pb-Pb |'s, = 5.02 TeV 3
__ Inclusive J/w — e*e’, |y| < 0.9 __
= *0-20% =
— == — ]
B ®20-40% 7
- b +40-90% -
N L= _
| ——T4#— _
= & &
C == -
= == =
C, Ly lyy sl P I I I
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P, (GeV/c)
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defw /dp, (a.u.)

djptmfﬁ% ; T=180 MeV
a ||—J1 F. mﬁl‘” B,
S O 03
-2 i:':. Duc_ :r"': B L 0.4
10 |eo o A 05
= a O
o s B
o vl
5] o el
8 &
a1 DD _U
ah ":'G |:|D A
h X
10 L g % o
L - [+] r!
L] W Dc.
¥ a = &
v ¥ - ' T n
LN
4 v
10 =
Y pp, Vs =1.96 GeV (CDF data, prel.)
5
10

o 1 2 3 4 5 8 7 8
P, (GeV/c)

first spectra a mid-y appearing
much more to come
we are computing spectra
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future statistical errors
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Jiy
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Absolute error on v

central barrel

Y

goal for run2 in muon arm already achieved
for e+e- at mid-y getting there
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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

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
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0.4 data average .. ..
— = 7 avove statistical model prediction
0.3 %]
45 <¢— Transport model (Rapp)
[]
0.1 § Statistical model
0 Lo | T || ||
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A. Andronic, F. Beutler, P. Braun-Munzinger, K. Redlich,

J. Stachel Phys. Lett. B678 (2009) 350
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Cpt IGDO
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]
U
Data PA
O mA
: ® pp, ALICE prel.
‘__J
Stat. model
[y |—| H
data
average (low en.)

10

2 3 4
10 10 10

Vs (GeV)

open charm hadrons in pp collisions consistent with quarks hadronizing at

about T = 165 MeV

what about PbPb collisions? all D and A, states predicted. Data to come soon!
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new high performance ITS plus rate increase (TPC upgrade)

Upgrade of the

ALICE Expe

rrment

Letter of Intent

Upgrade Upgrade
:rtE_' L LR BB L IR -|-.|.J;.O,4 LA B ™
« 1.8-ALICE Upgrade ~ Pb-Pb\s, =5.5TeV — g 35/ E Pb-Pb, |s.,,=5.5 TeV |
| . ] 5 ]
1.6F L, =10 nb", centrality 0-10% __g o 3:_ ercmnacr Centrality 30-50% E
142 Dl]_le Kt ;ﬁ’ 3 F Dﬂ—j K 1.6x<10"" events §
. | = / Ta A :. DES:— ]
1.2:_ ++*+ Non-prompt .ﬂuﬁj‘mﬁ:e E ﬁiﬁr . — promgt
'I_ .......... .+_ ............................................................. _: G-E . o o ) = from B
osf ¥ 4 0.15F E
- + 1 - "o ]
D1E_-H-E- +'+ _i DI.‘ N I-IIJIII-_II
U.‘.‘.: - :: I IRERAAAE .. "‘L';—qnn.—nnnr:_
- -E-_B,_B__u_ :: U.DS__ . ."""ii;;
0.2 - B ¢ .
- | | | | | 1] Q B SR T T T
L1 L1 L1 L1 ] L1 1 0 =2 4 & 5 10 12 14 16
00 5 10 15 20 25 30 p_ (GeV/c)
\UCE CERNLMCCa013.00s Py GV ALICE, CERN-LHCC-2013-024 T

Charm and beauty R, , down to
p,~0 using D° and B-decay J/U

Johanna Stachel

Input values from BAMPS model: C. Greiner
et al. arXiv:1205.4945

Charm v, down to p;~0 using
prompt and beauty v, down to B
p,~0 using B-decay D°
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Events / ( 0.1 GeV/c®)

AA

[~ -

PbPb 351 pub™ (5.02 TeV)

PbPb 368/464 pb ™", pp 28.0 pb™ (5.02 TeV)
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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

2.76 TeV

AA

B Inclusive Y(1S) - u'n,25<y <4 global sys. =+ 16%
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R302TVIR
— -t [ — N
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part

Ran®20%(5.02 TeV) / Ran®%0%(2.76 TeV) = 1.3 £ 0.2(stat) £ 0.2(syst)
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Y(1S), Pb-Pb s, = 2.76 TeV

® ALICE
0.8

0.6

SFFS s\\;.\\ S \\\.k\.. }

@ CMS Krouppa and Strickland (arXiv:1605.03561)
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i Y(1S), Pb-Pb ‘/S_NN =502 TeV
® CMS Krouppa and Strickland (arXiv:1605.03561)

Indication: R A peaked at mid-y like for J/y

I ® ALICE
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y

not in line with collisional damping in expanding medium

Johanna Stachel
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SHM/thermal model: Andronic et al.
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- . E thermal model (T=159 MeV) | E
- - 0.05 — —— with corona —
B | I | I | | | i Lo w/o corona N
L1011 | L1101 L 111 L1101 | | | L1011 [ | L1 | | | L1 | | L1 1
0 50 100 150 200 250 300 350 400 0 P 3
N 10 10 10
part dNy/dn |

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
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@ PbPb,|s,, - 2.76 TeV 5 | Pb—Pb, 5y = 2.76 TeV _
12, 4 =" (ALICE)B<p <16 GoV/c, |y|<0.8 © i =ALICE, b (> ¢c) > e, CC0-20%, |y |<0.8 ]
] D mesons (ALIGE) 8<p_<16 GeVie, [y|<0.5 c 2.5 - cms .
™ Eltitéjrgrdrgjatmi{ hﬂrﬁjih'jm:w' - "E I oALICE, b — J/v, CC 0-50%, |ycms | <0.8 |
1 fernpty) filledd boses: (unjoorrelatoed syst uncert 9 i * oCMS, b — J/W’ CC 0-20%, | ycms | <24 1
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0.8 H 2 *I_
T 15[ ]
S15 _
0.6 H m = | :
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04 50-80% # E 9 1 ... -j
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Charm: D mesons [ (GeV/ce)
JHEP 11 (2015) 205 b - ¢ - e arXiv:1609.03898
Beauty: non-prompt J/y separation via impact parameter distribution
arXiv:1610.00613

- mass ordering between charm and beauty observed
- for more central collisions, electrons from b-decay show suppression for p; > 3 GeV/c

Johanna Stachel @fﬁ RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




	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 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67

