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D meson in pp collisions @LHC
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Clear centrality dependence of the D meson suppression
Similar suppression for the two collision energies (2.76 TeV and 5.02 TeV)

Non monotonic structure at low pT at 200 GeV



v,. NCQ scaling
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» Mass ordering at p; < 2 GeV/c (hydrodynamic behavior)
* v,(D) follows the (m;-m,) NCQ scaling as light hadrons below 1 GeV/c?

Evidence of charm quarks flowing the same with the medium
- suggest charm quarks may have achieved thermalization
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DY v, compared to models

e STARD’  STAR Au+Au @ 200 Gev|  Different models:
o [ 77 TAMO couark diff, 0-80% | *+ SUBATECH: pQCD + hard thermal loop
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0.2 |- -~ Duke-2uTD.=7 +  TAMU: T-matrix, non-perturbative model with
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compare with
3D viscous hydro - 36/6 0.73
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Global Bayesian analysis

Heavy Quark Diffusion Coefficient

Talk by Yingru Xu (session 8.4)
- calibration on heavy quark vz and Raa
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Mass hierarchy of R,
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\What makes the flow ? Getting closer to experimen

g2 vs centrality

ALICE Preliminary

Event -shape engineering anaIyS|s&, i
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D, Enhancement in Heavy lon Collisions
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-Significant D/D° enhancement in mid-central Au+Au and Pb+Pb collisions

w.r.t fragmentation baseline or p+p measurement
- Coalescence hadronization

- SHM predicts D/D° ratio ~ 0.35-0.40 (central) . Andronic et al., PLB 571 (2003) 36

- relation to charm quark thermalization in QGP?

Feb. 5 - 11,2017

Quark Matter 2017 Chicago

X. Dong 18
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A, Enhancement in Heavy lon Collisions
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« Significant enhancement in A/D compared to PYTHIA/fragmentation baseline
« The A /DO ratio is compatible with light flavor baryon-to-meson ratios
 Consistent with coalescence + thermalized charm quarks

INEIES LY R

Feb. 5 - 11, 2017 Quark Matter 2017, Chicago X. Dong 20




single-p v2 in p-Pb collisions
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* See significant heavy flavor v2 for multiplicities > 60
=~ 0.6 x hadron v2
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J/v - RHIC energy

@ Recent highlights by STAR

QO Low vs high p; J/v suppression

- p,, >0GeVi STAR preliminary % STAR: AusAu, |5, =200 GeV, Iyl <05, p_>5 GeV/c
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ALICE

J/P elliptic flow (vy)

[1] Nucl. Phys. A 859 (2011) 114-125
[2] Nucl.Phys.A834:317¢-319¢,2010

* Charm quarks, if thermalised in the QGP, should exhibit the elliptic flow generated in this

phase
= Non zero v2 for re-generated J/W

E 0_25 T 1 1 r ] —r [ ¢ r v [ r r t [ ©® T T 1
| C  ALICE Preliminary ¢ V,{EP, An=1.1} 3
=" 02 pp.pp s, =502 TeV, 20-40% global syst: + 1% 3
0.15F Inclusive J/y — pu~, 25<y <4 N
0.1F t + =
0.05 + =
0F -
- P. Zhuang et al., prompt J/y .
-0.05 :_ R. Rapp et al., inclusive J/y _:
- R. Rapp et al., primordial J/y .
_0 1 C L L 1 I 1 1 L I L L 1 I L L L I L 1 1 I L L L n

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

Pb-Pb 2.76 TeV (forward)
E 4 Inclusive J/y — p*w’, Pb-Pb mi‘ =2.76 TeV

[ m ALICE, 25<y<4, 0-90% global syst. = + 8%

s Primardial Jy  (TM1)
-=+Regenerated Jiy (TM1)
- Primordial Jy  (TM2)
-+ Regeneration J/y (TM2)

6 7
P, (GeV/c

A non zero J/Y vz seen in semi-central collisions (20-40%) [7.6 o significance in 4< pr < 6 GeV/c]
Precision is significantly increased in run-2 measurement with respect to run-1

Similar measured v2 values for hidden and open charm

Models have difficulties to reproduce the measured J/{ v2 in the measured pr interval



PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV)
&2.5IlII|IIII|IIIIIIIIIIIIIIlIIII

E m lyl<1.6, 0-100% CMS

o|-® 1.6<lyl<24, 0-100%
| ] [ Du and Rapp (arXiv:1609.04868)

PbPb @ 2.76 TeV

== Jipsi g|<1.6
13 zzzz3 Psi(2S) ly|<1.6
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WESYW), ., | (0 (28)hp)

1.5
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1
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® Raa(P(25))/Raa(J/WP) < I in all bins—P(28S) is more suppressed than /Y

® No pr dependence within uncertainties

e X.Du and R. Rapp: transport model with temperature dependent reaction rates

— P(25) regenerated later than J/p in the fireball evolution?
CMS | QM2017 | 07/02/2017 | Javier Martin 12



New R,, results

Q Vsyy=2.76 TeV, strong centrality dependence, up to factor ~2 and ~8
suppression for Y(1S) and Y(2S), respectively

PbPb 368/464 ub”, pp 28.0 pb™' (5.02 TeV)
II|IIII||III||I|I|II|I|III|IIIIIIII|'I

I L
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- ® s, =276 TeV 0-100% 1 0.8[¢ T v@s)eswcL 1 B
_o Vs, =5.02TeV 1 2 [ T Y(3S)95% CL I i
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part Npan

CMS-PAS-HIN16-023

V. Khachatryan etal.,CMS 0O New CMS results at Vsyy=5.02 TeV
arXivi1611.01510 - Indications for slightly stronger suppression
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First precision results from STAR

O New pp reference (run-15) AND combination of u*u- (run 14) and
ete” (run 11) Au-Au data samples

30-60"%o 0-60% 10-30%

H STAR Preliminary

30-60%  0-60% 10-30% QAZZ ) ...‘

%  3(28+3S): STAR Au+Au@200 GeV |y|<0.5
¢  3(28): CMS Pb+Pb@2.76 TeV |y|<2.4
3(3S): CMS Pb+Pb@2.76 TeV |y|<2.4

STAR N_, uncertainty

STAR Preliminary

b,

(b) 3(1S)

400

O Evidence for suppression of the 3 Y states ALSO at RHIC energy

O Hints for Y(2S)+Y(3S) less suppressed up to semi-central events and then
compatible with CMS for central - effect related to energy density ?
Q Y(1S) identical at RHIC and LHC - dominated by feed-down ?

39
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LHC: Shadowing, CGC, energy loss
describe the data
RHIC: Additional nuclear

absorption is preferred by data
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y(2S) In pA

p-Pb (5.02TeV)
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* noticeable Y’ and little J/y suppression, consistent with “comovers”
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Similar relative suppression of y(2S) at backward rapidity,
but larger relative suppression of P(2S) at forward rapidity at LHC
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Model comparison \‘\

- BAMPS: Boltzman equation with collisional energy loss in expanding QGP [Phys. Rev. C 84 (2011) 024908;
J. Phys. G 38 (2011)124152; Phys. Lett. B 717 (2012) 430]

- TAMU: HQ transport with coll. e.loss only, resonant scattering and coalescence+hydro [Phys.Lett. B735
(2014) 445-450]

- POWLANG HTL: HQ transport with Langevin equation with collisional energy loss and, recombination,
viscous hydrodynamic expansion. Transport coeff. dependence on quark momentum [Eur. Phys. J. C 71
(2011) 1666; J. Phys. G 38 (2011) 124144]

- Djordjevic: energy loss due to both radiative and collisional, processes in a finite size dynamical QCD
medium [Phys. Rev. C 92 (2015) 024918]

- Ads/CFT: energy loss fluctuations included in a realistic strong coupling energy loss model from AdS/CFT
[arXiv:1610.02043, arXiv:1605.09285]

+ SCETy,e NLO: in-medium formation and dissociation of D and B, ideal fluid with Bjorken expansion [arXiv:
1610.02043]

- Xu, Cao, Bass: Langevin with coll. and rad. term and recombination+hydro [Phys. Rev. C 88 (2013) 044907]

- PHSD: Parton-Hadron-String Dynamics transport approach, coalescence [Phys.Rev. C92 (2015) no.1,
014910, Phys.Rev. C93 (2016) no.3, 034906]

- MC@sHQ+EPOS: coll. and rad. e.loss in expanding medium based on EPOS model, recombination [Phys.
Rev. C 89 (2014) 014905]
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Langevin vs Boltzmann

2 T T T T 1
B —— D+B (BM) 7]
——-D+B(LV)
15 - Y,y reduced by 40%!
i my,=1.6 GeV

0 2 4 6 10
S.K. Das etal.PRC ‘14 PGV
0 Angular correlation
. ’ | [ | . ™ T ]
- Charm — [0,2] GeV (BM) 1
(Pb+Pb @ 2.76 A TeV) — [24] GeV (BM)
0.2+ — [6,8] GeV (BM) |

-— (L)

Aq3> [rad]
In dN/dA¢,, sizeable differences
between BM& LV also for Bottom

| = lisotropic scatterings I

- e PHENIX Minimum Bias
0.12 — D+B (BM)
=T == D+B(LV)
~ 0.09— 1 E
e~
= L
" 0.06|—
0.03—

|
3
pr [GeV]

BM vs LV would make a difference
for up coming [D-h] + [D-D]
triggered angular correlations

o

pr=10 GeV

Starting from back-to-back
pr=10 GeV as trigger

0-2]GeV .
Wil only collisional E

pr [2-4]GeV
pr [6-8]GeV



Models cC¢ cross sections

< -l T 17 I Kool ‘ | B B I =R~ I LB ] llllllll I llllllll
T qaf ALICE Preliminary, Pb-Pb \/sN =5.02 TeV
Inclusive J/ly — e'e ,
1.2 ¥/ <0.8, p.>0.15 GeVie
)y F

0.8}

0.6F

0.4F

L Transport (TM1, Du and Rapp) -
0.2 Transport (TM2, Zhou et al.) -
B Statistical hadronization (Andronic et al.) T

[ [1Co- n|10vers (E. IFerrelro)

0- IIIIIIIIIIIIIIII llllllIIIIlIIIIIIIIIIIIII:

0 50 100 150 200 250 300 350 400 450
(N,
Model o (mb) Shadowing
TM1 0.72 +-0.13 EPS09 NLO
TM2 0.86+-0.085 EPS09 NLO
SHM 0.448 4 0.169 EPS09 NLO
Co-movers 0.555+0.105 Glauber-Gribov theory

Tonatiuh Jimenez Quark Matter 2017
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V. Khachatryan et al., .

CMS arXiv:1611.01510 RAA VS Y' ALICE and CMS Y(]'S)
CMS-PAS-HIN16-023 B. Abelev et al., (ALICE)
PbPb 368 ub', pp 28.0 pb' (5.02 TeV) , PLB738 (2014) 361

ol p” <30 GeVie CMS -

Cent. 0-100% Preliminary - i
I [ m Pb-Pb\s,, =276 TeV, (PLB 738 (2014) 361-372) global sys.= + 7%

ALICE, Inclusive T'(1S) — u'y’, centrality 0-90%

m Pb-Pb\s,, =5.02 TeV, Preliminary global sys.= + 3%

Y(1S)
m Vs, =276TeV
e s, =502TeV

0 ALICE > hints for less suppression at Vsy,= 5.02 TeV
d CMS - hints for more suppression at Vs,,= 5.02 TeV

0 Compare Ry, VS Y for the two experiments in a single plot

35

E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017



[1] JHEP 05 (2016) 179
New J/LIJ average pr (<PT>) [2] Nucl. Ph;fs.AEEEI (2011) 114-125

* The J/Y <pr> and the raa are complementary observables to the Raaand the vz

-62.5: i < R o S Bt o e e e S S
= L:F ALICE, Inclusive Jiy — i 2k ALICE, Inclusive Jiy — u*u
v “TF : ,.
g aaE 25<y<4, p. <8GeVic - 2.5<y<4.pT<BGBV.C
~ f ® W T e * Pb-PD, |5, = 5.02 TeV (Preliminary)
o 2%F B @ | SN o PD-PD, {50, = 2.76 TeV (arXiv:1506.08804)
¥ 22p s b
21F . @ 09 f "
E 0 08 |
19F o Pb-Pb, |s,, = 5.02 TeV (Preliminary) - { ¢
F 0.7 |
18 - L
?E . Pbl'Pbllsmf 2.76 TEIV [ar)(nv.lISDB.O&BC:-i} | : - [T Transport [TM1, Du and Rapp) (}s,,, = 5.02 TeV)
"o 50 100 150 200 250 300 350 400 08, 50100 150 200 250 300 350 400
part ) (N,
2
s — (PT)AaA
Pripp

 The J/JY <pr>is smaller in central events than in peripheral ones— (re)generation

e The results of raaat Vsnn=5.02 TeV and Vsin=2.76 TeV [1] are compatible within uncertainties

* Discrepancies are seen in some centralities (e.g > 3 o for 30-40 %) between the
measurements and calculations based on TM1[2]) model

Mohamad Tarhini, IPN-Orsay [15]



ALICE

D-meson Rap and v,: model comparison
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00 5 10 15 20 25 30 35 40 5 10 15 20 25
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- Experimental results with improved precision — potential to constrain
models giving a simultaneous description of quenching and collectivity

A. Barbano QM17 24
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Prompt D v, compared with v, of charged particle

5.02 TeV

CMS Preliminary PbPb s, =

- ||||l|||||||||||| Ill l I ll |||I||||I||||I||||I||||I I |||I||||I||||I||||||||||||||I||||I||||I:
0osE  Cent.0-10% op° Cent. 10-30% et 30-50% :
oof W<10 + Charged particle o 3

: arXiv:1702.00630 ot . ]
015F % :
0.1F AH* E'ﬂ, E

- o ﬁ k

o o -+ B ]

g 0.05_—%&* ¥ ® . $ — & Che
- ++ ® w ®

0:_.“..“..“H_ ........................................................... ___*__M ................................................................................ -

0.05F -
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pT (GeV/c) pT (GeV/c) pT (GeV/c)

d Low p: v, (prompt D) <v, (charged particle)

d High p: v, (prompt D%) = v, (charged particle)
» AE (charm) = AE (light quark) at high p; from R, , and v,
 Similar p; dependence

1 At low p, weaker centrality dependence than charged particle
% Jie V3O#EREHOIE (N\yI7vT) atter 2017 CMS PAS HIN-16-007 15 PURDUE

UNIVERSITY



Prompt D° v, results

CMS F'rellmlnary F'be y‘ 5 02 Tev
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U First measurement of D° v,
dLow pq: v; (prompt DY) > 0; High p4: v; (prompt D% = 0
dPeaks around 3 GeV, then decrease vs p;
U Little centrality dependence

- 31

g Jian Sun Quark Matter 2017 CMS PAS HIN-16-007 16 PURDUE



equential Suppression of Quarkonia

1_2_ LI N B T 7]
" PbPb s, =2.76 TeV CMS
-~ Cent. 0-100%

. Prompt charmonia
m Jy (arXiv:1610.00613)
- p_€[6.5,30] GeV/c, ly| < 2.4, Cent. 0-5%
0.8~ o y(25) (PRL113,2014)
N p_€[6.5,30] GeV/c, |y| < 1.6
i Bottomt[inia SeVie, b
. p_€[0,20] GeV/c, ly| < 2.4
0-6_ arXiv:1611.01510
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At 5 TeV: What will be the results from a hotter and denser QGP?

s |
é , Yen-Jie Lee (MIT) Highlights from CMS
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J/L|J RAA VS centrality (comparison with models)

[1] Nucl. Phys. A 859 (2011) 114-125
[2] Phys. Rev. C 89 no. 5, 459 (2014) 054911
[3] Nucl. Phys. A 904-905 (2013) 535¢

[4] Phys. LeX. B 731 (2014) 57—63

[5] ALICE Coll. PRL116 (2016) 222301
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part

* Results are compared with calculations based on different models:
* Two transport models (TM1 [1] and TM2 [2]): continuous interplay between dissociation
and (re)generation

¢ Statistical hadronisation model [3]: all J/Y are dissociated in the plasma.
(Re)generation occurs at the phase boundary

e Comover model (CIM) [4]: J/ are suppressed via interaction with a parton co-moving
medium. (Re)generation added as a gain term

e Measurement

Mohamad Tarhini, IPN-Orsay

is precise enough to constrain the models

e ' Large uncertainties on the
ALIGE, Pb-Pb ysyy = 5.02 theoretical calculations due to the

Inclusive JAy — prp charm cross section and shadowing

 pr>0.3 GeV/cto
remove possible J/Y
photo-production
contribution [5]

» Brackets represent
maximum remaining
contribution



Impact of T dep. interactionon R, - v,

Y 1] Looking at it beyond the specific modelings
—— vy const. (BM) 7
Y A 7= conei. (LY » ¥ =T? [Ads/CFT, pQCD a,=const, Duke]
- — =T
£ | | » y=T [pQCD strong o, running] IMC@HQ]
— 04f - [LBT]
> | — / - T-matrix
o [~ —"— % y~const. [QPM, PHSD,..]!
5 0'2/ |
[ y rescaled to fit R,.(p;), D from FDT
o T o .T[(IB.eQ/f T 035 04 of =Ya(pr)+D&
ot ap ap’
| I | | I I I | 1 | 1 I | | ' | ! I ! 1 PH;ENIX I .
sro o Tiame ] e == |

« 0.08

Raa(Py)

0.04

N
>

o cov Effect disappears at p;> 3 GeV
S. Das et al., PLB747 (2015) 260 extends for v, Caio’s talk 34



P. Gossiaux. Wed 18:10

How v, of D is build-up?

SUBATECH-Nantes [MC@sNLO + EPOS]

0-4- 3 : l T T T I T T T l ¥ T T I T T T I T T T l :
- = imi

S 0.6 ALICE Preliminary N q;pc_

- E . o 30-50%Pb-Pb 5 =502TeV
S‘_ 0 5:_ Prompt D", D" average . q‘-’ B
= & 045 [Dset cma e
r: et — J
= }N - Syst B lead-down .
= 0.1 0.3 _4_ 3
= ]
2k %*’4# * =
0.0 B ST n
§ i“*’_ﬂp— + E
- |1]D| <0.8 3
oab 17 , S -0 mq:,:l <08 E
- 005 0-10 e _o 2: | P [N RN TN TR AN TN NN SN NN NN O N NN T SN S .
Tf 2(7) 1‘ <2 4 8 8 10 12
. p_(GeV/o)

<60% low q,> <20% hlgh q,> A Barbano Tue 16:50

This is just the beginning of a new step Own predictions (@2.76 TeV)

forward, how we will learn from it

. next QM2018 Gossiaux over night calculation
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Results

Flow Harmonics

(f’fzheaw)(w)vff‘om cos

9

\j((v](qsoft))z)
® This formula maximizes v,

® Heavy and soft sectors have the medium as the same
underlying cause for flow;

® 2-particle correlation: v, =

D meson; 30—40% Pb-Pb, \/s\y = 5.02 TeV

(o Uy Event Plane Angle
T 006 1 T T T 1 T T 110 T T T T T T T T
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0.00 0.10 0.20 0.00 0.05 0.10 0 10 20 30 40 50
pigoft pigoft Centrality (%)
Noronha-Hostler et al, PRL 116, 252301 (2016) Nahrgang et al, PRC 91, 014904 (2015)
Caio Prado Event-by-event correlations in heavy ion collisions February 08, 201 9/16




b—e/(b—e+c—e)
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m— D(2 7w T)=30, van Hees et al. (0-10%)
= =« D(2 7w T)=6, van Hees et al. (0-10%)

+ D(2 7 T)=4, van Hees et al. (0-10%)
== Unfold Result

ly|<0.35
Au+Au MB /sy, =200 GeV
EHENI?( Runl4 + Rl:m 11
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pT [GeV/c]
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Model Parameters - System Properties
+ initial state

+ temperature-dependent viscosities

* hydro to micro switching temperature

calculate events on Latin hypercube

after many steps, MCMC equilibrates to




