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The core energy loss

. dE
Colisional component < [GeV/fm]

« One-gluon exchange model: reduced IR regulator A m?, 100
in the hard propagator, fixed on HTL Energy loss zg
* Running coupling a. (t) and self consistent Debye mass |,
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(a) (b) (c)
« Extention of Gunion-Bertsch approximation beyond mid-rapidity and to finite mass
My, ) distribution of induced gluon radiation per collision (AE 4 o E L):

3a,1 —2 k, ki —q; ‘
P $7k ) ’m = —
o(z, k1, q,,mQ) ™2 (ki - :L'mé) (ki —q, )%+ :Emé

 LPM effect for moderate gluon energy

* One extra K factor affecting the cross sections to be fitted on exp results 4



The core energy loss

55 f= = D'medon,HRG  Prino and Rapp
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* One of the strongest coupling on the « market »



The « extra » ingredients

e 2 main « bundles »

Ingredient B1 (2008)
hydro Kolb Heinz
Init cond (soft) Glauber

Init state fluctuations No
hadronization Covar. Inst. Coal + frag
HQ production FONLL (p) + Glauber (space)

CNM No shadowing, initial k; broad.

Hadronic interaction None

e Same E loss model in the 2 bundles

B2 & MC@,HQ+EPOS2

(2013)
VHLLE (O viscosity)
EPOS
Yes
Same

FONLL (p) + EPOS (space):
position of NN interactions

EPSO09
None
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The « extra » ingredients

. used for RHIC only, latest used to « predict » the e<-b fraction in Au-Au

1.0F ]
- Vs=200GeV  Au-Au:0-10%
0.8 Cl., K=1.6 S. ot

Talk Timothy Rinn

§ D} Djordjevic et al. (0-10%) Phys.Rev.C 90,034910 (2014)

| == D(2 = T)=30, van Hees et al. (0-10%) Eur.Phys.J.C 61,799 (2009)
[~ senes D(2 = T)=6, van Hees et al. (0-10%)
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EPOS + Hydro as a background for MC@sHQ

EPOS + Hydro : state of the art framework that encompass pp, pA and AA
collisions

EPQOS (initial conditions): \__#;ﬂ-—a/—*—‘

« Model based on Gribov-Regge multiple pomeron S
interactions W e el

« Particle production (including HQ) in cut (semi-
hard) pomerons, seen as partons ladder L .

 Soft particles form a flux tube (string, with its own N
dynamics, incl. string breaking)... lots of them in
A-A

» Slow string segments, far from the surface, are

mapped to fluid dynamic fields (-> hydro ->
Freeze out) S ———

low x

flux tLlhc

Ref: K. Werner, lu. Karpenko, M. Bleicher, T. Pierog, and S.
Porteboeuf-Houssais Phys. Rev. C 85 (2012), 064907




EPOS + hydro as a background for MC@sHQ

EPOS: state of the art framework that encompass pp, pA and AA collisions
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Beware: # color scales

More realistic hydro and initial conditions => original HQ studies such as:

1) fluctuations in HQ observables (some HQ might « leak » through the « holes » in
the QGP)

2) correlations between HF and light hadrons




Bundle 2

* B2: mainly used for LHC predictions (see f.i. Sapore Gravis Report Eur. Phys. J. C
(2016) 76:107), with good agreement up to p= 20 GeV (ok, not designed for high

P+)

» Although El + Rad sounds the most natural, we also try pure « Elastic » energy
loss, sometimes with better sucess...
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Purely elastic scatterings

RAA

Bundle 2 (@ LHC

1.8

1.6

1.4

1.2

T

u,lll[ll]ll

'I[II'I[[I'II[III[]III]'I[II'I[TI'IITI[IT][II

_—_ —a— ALICE D mesons (|y|<0.5)
: PbPb at \s,,, =2.76 TeV —ee TAMU
Centrality: 0-20% POWLANG (HTL) vac.frag.
POWLANG (HTL)
sieies MC@sHQ+EPOS2
=imimis BAMPS el
— — UrQMD

.

.lllIJJlll]l]lll]l]l]lll]l]l

T LR L e

0 IIIIIIIIIIIIIII IlI|III|III|IIIIII_I_III1:r_III%
0 2 4 6 8 10 12 14 16 18 20
p, (GeV/c)
>'.'\IO.B_I'II[IT'I[II'I[TI'II[II]ITI[IT'IIII'II[IT][II
PbPb at sy = 2.76 TeV T Ly mesene vise)
0.5 — POWLANG (HTL) vac.frag
Centrality: 30-50% | POWLANG (HTL)
0.4 =imin MC@sHQ+EPOS2
wimi=: BAMPS el.
—— — UrQMD

0.3

0.2

0.1

IIJJJlJJJllIJlllIllllllllJIllJJIlJJJ

IJIlll]lIIJllIJIlII]IlIlIlJIIIJIlIlJlII

oLl

2 4 6 8 10 12 14 16 18
p, (GeVic

0

—

1.8

T T T UL L LI L L UL L 1T L
! ™S I I I | | | | I I ]
o : " PbPb at ‘,5— =2.76 TeV —@— ALICE D mesons (|y|<0.5) _]
1.6 ; NN WHDG ]
~ " Centrality: 0-20% siminis MC@sHQ+EPOS24rad.+LPM ]
1.4— 5 =imimis BAMPS rad.+el. —]
- Vitev et al. .
1.2— l; wnn Djordjevie et al. —
— ' == = Duke —
. ]
1 —
0.8 —
06— & Ryl . —
s . .
- ‘:t '* * —
0.4 —~ . H . —
02 [ Srm,
0 [ 11 1 I 11 1 | 11 1 | 11 1 I 11 1 | 11 1 | 11 1 I 11 1 | 11 1 | 11 1 ]
0 2 4 6 8 10 12 14 16 18
p, (GeV/c)
>N 0-6 L 1T | L | T T I 1T I LI LI | L I T 1T | LI | L _
E PbPb at "('S_NN =2.76 TeV e ALICE D mesons (|y|<0.5) E
0.5— WHDG =
= Centrality: 30-50% simie MCE@sHO+EPOS2+rad +LPM -
0.4— + BAMPS rad.+el. -
C = Duke E
0.3— —
02 =
0.1 . —_
C ez ]
'__"':'" 7]
oF- =
-0.1 —
L1 l L1 1 J 11 1 I 11 | I L1 1 J L1 1 J 11 1 I L1l 1 1 L1 1 l L1 1=
0 2 4 6 10 12 1 16 18 20
p. (GeV/c)
-

20

sso| AS1aud aAIjelpel + S3ulI913edS Jlise|]

11



Bundle 2 (@ RHIC

| | | |

coll, K=1.5 ——- |
coll, K=1.8 ——
coll+rad, K=0.8 ——-

0.14
0.12

Obvious tension with the data. Extra radial flow ?

Nahrgang et al, QM 2014

[ RHIC, 20-40%

0.1 |
0.08 |
0.06 |
0.04 |
0.02 |

—

coll, K=1.5 ————- |
coll, K=1.8 —— _
coll+rad, K=0.8 ==== 1
coll+rad, K=1.0 1

1 | 1

. !

1 2 3 4 5

pr [GeV]
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Bl
B2

B2’ (viscous hydro)
while building B3

Summary

RHIC
“ok”
disagree
uokn

Not satisfactory !!!

Motivation for the new bundle

LHC
Not applied
“Ok”

Not applied

13



Bundle 3: EPOS(3)-HQ

Ingredient Bl B2 (MC@,HQ+EPOS2) B3 (EPOS-HQ)
hydro Kolb Heinz VHLLE (O viscosity) Viscous VHLLE
Init cond (soft) Glauber EPOS EPOS
Init state No Yes Yes
fluctuations
hadronization Covar. Inst. Coal + Same Same
frag
HQ production FONLL (p) + Glauber FONLL (p) + EPOS EPOS3
(space) (space): position of NN
interactions
CNM No shadowing, initial EPS09 EPOS3
K, broad.
Hadronic None None URQMD
interaction

No modification of the ELOSS model y



lllustrating EPOS3 vs data for light hadrons
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HQ production in EPOS3 (B. Guiot PhD

thesis)
as light quark
—— production
\1“6# '-”—’ - In any of the ladders
SLC:Q Q [] during SLC (space-like cas-
Born @577 oo wade)

e o ILC Q [] during TLC (time-like cas-

_ cade)

/i e _"_‘-‘f"* R ’/,; . I:] in B orn

but m non-zero

i, = 1.3, mi =4.2)
non-zero m affects matrix elements
and kinematics in parton splitting processes
Saturation effects taken into account by Q. = Q; (NIPa SIP)
introducing a regulator in the DGLAP integrals:

GDRE Meeting September 2017 Athens - Klaus Werner - Subatech - Nantes qg



[Lessons from EMMI RRTF

R. Rapp et al, arXiv: 1803.03824

. . 0 2

We define and display the H,, quantity I§ : Pb-Pb, \5,=2.76 TeV, 0-10% :
dND 1.8 — UrQMD —
de - —— TAMLI .
H p— = 1.6 —— Nantes ]
AA ch final C — Catania 7
dpr 1.4 — LBL-CCNU -
-\ W/ CUJET e
1.2 Y T —— Duke Langevin N
...which exhibits at best the specific 1/ _ gS;VDLANG —
effects of hadronization : 0.8 . B
Significant uncertainties ! i - /\ e e -
B ey Vo ]
Nantes approach is the one leadingto 4, F it
the stronger « extra push » from the - T e

0 2 4 6 8 10 12 14 16 18 20

bulk at coalesence.
p_ (GeV)

Recombination Fragmentation

Same interaction for all of them !!!
17



EPOS-HQ (B3)

Ingredient Bl B2 (MC@,HQ+EPOS2) B3 (EPOS-HQ)
hydro Kolb Heinz VHLLE (O viscosity) Viscous VHLLE
Init cond (soft) Glauber EPOS EPOS
Init state No Yes Yes
fluctuations
hadronization Covar. Inst. Coal + Same Same*
frag
HQ production FONLL (p) + Glauber FONLL (p) + EPOS EPOS3
(space) (space): position of NN
interactions
CNM No shadowing, initial EPS09 EPOS3
K, broad.
Hadronic None None URQMD
interaction

* At least up to this conference

No modification of the ELOSS model s



Motivation

Main guestions:

1. Is it possible to describe both RHIC and LHC data with the same « bundle » of
extra ingredients ?

2. Is it possible to FALSIFY our ELOSS model, i.e. to show, f.i.:

« That one needs extra coupling around Tc in order to benefit from extra bulk-v,
 That one needs smaller relaxation time at small p (as in the TAMU approach)
Method : Needs to adjust several components => complicated issue.

Benefit: Once this is done, one obtains a consistent formulation.

19




“Initial state effects” in p-Pb 5 TeV

Sensitivity

EPOS-HQ |

- D mesons

YES

NO

1.2

1

0.8

0.6

3

o 821012

Fair agreement btwn EPOS-HQ (in fact EPOS3) and experimental data
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“Initial state effects” in p-Pb 5 TeV

Ratio ¢ quarks

J J—
1{3'\ \
N\ . o |
ol pA final /pA initial |
: _— -
s | \kpA initial/pp resc@e}’i
2 05l '
| ~N— -
0.4l pA finallpp rescaled -
0.2} Product of 2 other ratios
- EPOS-HQ
T2 1 s s 10 12
pr(GeV)
Sensitivity
YES YES YES

... and chemistry ! Complicated !!!

Ratio D
14f \ E Loss: Elastic K=1
12 if”x, ‘
1.0f —
0.8}
0.6}
0.4}
02 — Frag, eloss ~ — Mixed, eloss
ool Frag, no eloss = = Mixed, no eloss
0 2 4 6 8 10
pr(GeV)

Our implementation of the
coalescence has consequences up to
10 GeV
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“Initial state effects” in p-Pb 5 TeV

1l‘\!-l[llll|nf!l|\l\lIIFWIV\ T_]
ALICE Preliminary =
p—Pb, s\ = 5.02 TeV

Prompt D mesons, -0.96<ycms<0.04

Average D°, D', D™

measured pp reference at s = 5.02 TeV

= = =« CGC (Fuji-Watanabe)

EPOS-HQ

0.6 # —— pQCD NLO (MNR) with C

0.41/ oS VI o AL s s K, SO CAR RS -

0.2 g g;'::uus (HTL)

Ilill‘lhi_IA{PJOVIVIL‘lArIQ(BI(I'QCI:Dl)IILI[lL'Il]IllE‘ILI
0 5 10 15 20 25 30 35
P, (GeV/c)
Sensitivity
YES YES

Ratio D

5"1 E Loss: Elastic K=1

#

Ld
‘J' "" L.
[ 4 -, Y- - I
I« . S —
| -\.__\__\_\_Hf

- — Frag, eloss  — Mixed, eloss
[ Frag, no eloss = = Mixed, no eloss
0 2 4 6 8 10

pr(GeV)

Need to improve our implementation
of CNM effects for p; > 5 GeV

Also need to compare to LHCDb data

At least one conclusion: pure fragmentation ruled out
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D meson production in central Pb-Pb

_Ratio ¢ quarks

- | | ] 20
1.4 . -
| / Elastic Eloss, K=1 PbPb, 0—10, 5TeV Iy1<0.5
i | ;‘ 1 | . 1
i 15' ‘1
Lo X L ALICE
' AA initial/pp rescaled | _
o \\ \\ pp ] col K=0.75, frag, URQMD

----- col K=0.75, frag, FO
col K=1, mixed, URQ;MD

lose enoughtol_~ 1.0
_ | K 1 e O col K=1, mixed, Ffji

Ratio(c)
[
@)

S|_AATinal 7AA nitial ] a.sg
0.2 —— . - T
m: | |AAfingl/pp rescaled | | | | sl
2 4 6 8 10 12 0 2 4 6 g 10 12 14
pr(GeV) Calibration at p;=10 GeV
YES Large p; < 8GeV Moderate p; <5 GeV ?

We overshoot unity with our present coalescence model; pure frag does not
perform so bad after all ! ’3



D meson production in central Pb-Pb

Looking at spectra Elastic Eloss, K=1

— cin pp (resc)

— D in pp (resc)
— Final c
— D @ FO (mixed hadro)

— D after URQMD

Need to understand why no such problem in

o ] previous MC@SHQ + EPOS?2
0 1 2 3 4 5 6

pr(GeV)

Possible ways out (without changing Eloss mechanism):
e Some cC-> A,
« Modify coalescence to gain less momentum at FO (as in RRM)

Need to consider the full chemistry effects ”



D meson production in central Pb-Pb

Looking at “full” Eloss Elastic + Radiative Eloss, K=0.5

2.0r

PbPb, 0—10, 5TeV
1.5¢ mixed hadro

——  col+rad K=0.5, URQMD
S col+rad K=0.5, FO

1.0

- A o col K=1, URQMD

o ———--- col K=1, FO
i R £ Calibration at p;=10 GeV
E B ‘M% M :
0 2 4 6 & 10 12 14
YES Large p; < 8GeV Moderate for Moderate p; < 5 GeV
p<20 GeV
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D meson production in semi-central Pb-Pb: flows

0.25

0.20}

| PbPb, 30-50, 5TeV

— Col K=1, FO

------

---=- Col K=1, URQMD)

{1 0.05

EPOS-HQ :

-] 025

— Full K=0.5, URQMI

-----  Full K=0.5, FO -
1 0.15

|

6 8 10
pr [GeV/c]

12

0.2!

0.1|

5 10 15
D CMS, Pb-Pb @ 5 TeV 30%-50%

Moderate but significant increase of v, from production at FO -> end of

URQMD evolution (4 )

Better agreement than in previous predictions (especially the decrease at

Intermediate p;)
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D meson production in semi-central Pb-Pb: flows

0.25

[ PbPb, 30—50, 5TeV . ]

: Elastic E Loss mm_i K=1, URQMD

0.20} -——-- mixed K=1. FO .

_ ——  fragK=0.75,F0 |

—_ ':]15- ‘\1 """ ﬁ'Elg K:DTﬁ.. I.TRQI'U‘['E

a r \.*- '\

- I = l

= - e e _

0.10¢ I: e [

0.05) /7 \¥ f
000 . . . . \

0 2 4 8 10 12

pr [GeV/c]

If pure fragmentation is assumed, strong reduction of v, at FO (lexpected), only

partially compensated by later evolultion in URQMD (I) :

From the view point of our model, we would need some hadronization model that is

able to “transfer” bulk v, -> ¢ without extra p+
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“Initial state effects” in d-Au 200 GeV

= = NoEloss . 7 ]
2-0 _ —— EI., K:l '1" “‘t Mlxed —
: , . - hadro |
L5} :
1.0f ‘/\
0.5 ,f’;:.\_
0ol B-AU  IyI<1 (VR
0 1 2 3 4 5 6 7
— Pr(GeV) ....

1.2} ﬁ

: T ]

_ 0.8 ——— _

.::: L 4

< 06| e

0.4} !

0.2}
0.0E . . . . A T B R
-3 -2 -1 0 1 2 3

||||||||||||||||||||||||||||||||||

2.5 —
= ! PHENIX o -20<y<-1.4 -
o H B 14<y<20 ]
S s :
1---Eir L e e |
0.5 la = —
S . Vitev (s_d”A” @ |s,=200 GeV 5
o 1 2 3 4 5 6 7
p. (GeV/c)

Sensitivity

YES YES YES Most

probably

<+— More suppression in the p-going direction
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D meson production in central Au-Au @ 200 GeV

Elastic Eloss, K=1

1.2

_ After URQMD -

0-10% |y|<0.5

2.00 "-“_ AA initial/pp rescaled Lol
5 LS — - .
< 1.00 = i Mixed
S .70 R\. ‘xx ;..rf ‘1\ hadro
U e —
(@] [ —
o 0.30 —— N
< 0.20 = S F;
D: []-15 = ‘-1.‘_“ .’ Y Iilll I : :
0.10E AA final/pp rescaled =—HAAIRitil 2 AR
R e  OSTAR (erratum) .. e
0 2 4 G 00 1 2 3 4 5 6 7
Sensitivity pr (GeV)
15 - Au+Au| @ 200 GéV SMRPIreﬁminan’ |
B ® O 2014
YES LARGE @ small Moderate L - e 4
small <5 GeV a0 ™
pT (pT ) 05 :_ ;&&u:’ l!.l E |;| - (a) 9__]0%
e Same pattern as for LHC, no unity overshooting 0 > ' ‘
p, (GeVic)

* Radial flow bump at too large p+, needs to be cured as for LHC
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D meson production in min. bias Au-Au 200 GeV

025 —mm————————— — e
F —— D ﬁ'ag @ URQI\-'ﬂfJ ® STAR DU
S D fae @ FO ] o stARD STAR Au+Au @ 200 GeV
0.20f —— D frag @ URQMD —— TAMU c-quark diff. 0-80%
[ TAMU no c-quark diff.
. Duke - 2nTD.=7
e LBT
——— PHSD i

[ — - 3D viscous hydro '
: Py i
| |~

T 2 3 4 5 6 71
L pr (GeV)
Sensitivity
NO Large Moderate Large for fragmentation

« Strong contribution of hadronic rescattering if v2(D) is not saturated at freeze out
* No sign of strong disagreement with our Energy Loss model @ RHIC...

e ... In particular no need to introduce some extra coupling around Tc
30



Updated D, extraction

]'2 _I I I I T I I I | I I ' I I I I I I — JasHQ, elastic K=1.5 wemm  Duke-LGV, median
: EI" {K= 1} EPOS_HQ : - - II’t:E'(mg(j (‘ia‘+1'at]| Kl:lt.).-‘% Il;)uto-:—.z:-': .‘N]‘: C.R
3 — S 2 c-quark T-matrix U-pot
10 _ El- + I."ildlilt I. M (K: '].5) _- 20 — gll'l‘illjﬂc‘amnia)_ BM ) c-c:nm']ll ;I:xt.tice DinL;_’, ]L‘t.i\l
| Kﬂczmﬂr'e‘k et HI.. {1']14 1 . = = (QPM(Catania), LGV ¥ HQ lattice Banergee et.al
L Ding et al., PRD 86 (201 = mam TORINO (HTL)
‘Banerjee et al., PRD 85 (2011 - P
8‘ ___ | | 1 0 ’
= =,
= =
s 0 & 10
o . ~
4l Q
L D
2 i @ ?
_ 0
0 I 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 L 1 ] 1 2 ?)
1.0 1.5 2.0 2.5 3.0 T/T.

T/Tc

« Despite uncertainties affecting the low p; regime, transport coefficients can be
extracted (comparison with exp. data at p; = 10 GeV/c)
e ... Increase by =30% of the associated D..

« Bring us (a bit) towards the “bulk” of the D, from other models
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More involved observables: EBE flow

b—';u : | T 1 T | T I T Il T | T 1 T :| T | 1 :I | ] 0.4 T T T T 'Vgcogqg-gatl ll.lsing %:g o

: - . . . — * « v2cofgl.dat’ using 13 +
3 06:_ AL|CE Prellmiary * B0% small-q;PC_: . v kg K * » ;Ev2co:q2.dat' usir;g 1:13 ®
= I 30-50% Pb-Pb, |5, =5.02 TeV . . -t

- . 5 20% 1 - ]
ﬂn 0‘5: Prompt D”, D* average- . 20% large q, -
n : ' ' i ﬁ .
& 0.4[— [] syst data : unbiased - - Ll
L;& E Syst. B feed-down | E )
. - 03_ ........ SRR R -
02E ‘#‘ | f . - ]
R Ficy
..... O 1:__EE' 1‘—: o aim?+
- I l<08 : : -
—01 ID | <0.8 : : - 0Lt
...... e L O = - e
E % : B L e EPOS-HQ
025 4 6 8 =~ 10 12 0.2 : : : : '
. . . . 0 2 4 [ 8 10 12

?27?7?
e Trends well reproduced by EPOS-HQ at low p;

* ... However, inversion of the v,(D) for “cylindrical events” and large p;. No
physical explanation at this stage.

* Besides this, no big surprise: bulk v, is well transferred to c-quarks




More Involved observables: momentum imbalance

» Back to back D/Dbar or B/Bbar: As compared
to y-D/B: “triggering” itself is affected but
symmetry between both particles could
limitate the various effects:

» Large number of c-cbar from various NN
collisions => large uncorrelated background

» Competing effects due to energy loss: ...

10 20 30 40
T T T T

10k

Initial stage

110

pT(Q)

Evolution

" in hot QGP

medium

<
=
<)

L L
1 10

1. » decorrelation

due to various

= path lengths +

fluctuations:
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More Involved observables: momentum imbalance

Crlp,. ;) Abolute correlation:
e " Clrp) = & d*N(pr,pp) 1 dN(pr) 1 dN(py)
projection ’ N dprdpr N dpr = N dpf
) = Vanishes if d?N factorizes (d*N(p,p’) = dN(p) x dN(p’))

= Satisfies /O(pT;p,T)ded,T —0

g . . . C ’ ,
" Relative correlation: Cr(pr, pr) = IN(p ()pT pszzN(pr)
————— T X

1
N dpr N dpl,

Y
o

pT’ (GeV/c)
—_ N (] E=y (%] D ~l [s2] ©

os " Reveals correlation at finite p;
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. . r sqri(s)=5 TeV Acl>37/4
Method: we project on a “diagonal 25F  EPOS 3296 '8{";!1];{2
. . Pb—Pb,50%—70 . .
» 5ol [ a
band” of fixed p;(c)+p;(cbar) S 2.0f ¢ quarks init
Larger decorrelation found for = — Full, K=0.5
— L
“full” el + rad model, due to larger 2 1o :
longitudinal fluctuations 03
0.0f 9‘ - ) WA
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Conclusions and perspectives

1. Is it possible to describe both RHIC and LHC data with the same « bundle » of
extra ingredients ?

Not at this stage; remaining issues at pT<5GeV/c some extra work on the
hadronization and HQ production is mandatory

2. Is it possible to FALSIFY our ELOSS model, i.e. to show, f.i.:
« That one needs extra coupling around T in order to benefit from extra bulk-v,

 That one needs smaller relaxation time at small p (as in the TAMU approach)

On the one side we fail to reproduce the low p; Ry, but on the other side it is
not proven that satisfactory agreement cannot be reached at the price of
modifying some extra ingredient; besides, satisfactory agreement for the v2
and with the R,, at intermediate p; (for both RHIC and LHC) with Dy in
agreement with IQCD => Conclusion still pending as for the falsification.

Perspective at short term: more “combinations” relying on collective work
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Back Up
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Some global view of our model development

2002: motivation for
recombination of ¢ and cba
J/V¥ using dynamical c/cbar
distribution

HF Eloss

Medium

System

Kinetic
treatment

Quarkonia
physics

2004: 1rst version

2008: 1rst open

r of the model: HF HF results for 2010 2012 2013
distrib matters RHIC
Elastic; Fixed as; —_— X Elastic; running as; >
naive regulator (T); regulator fixed on
cranking coefficient K HTL; cranking p————— 2
coefficient K Radiative; running as; regulator fixed on
HTL; cranking coefficient K upgrade
[ = - S
IStudy of medium
. leffect with TAMU For RHIC only
Kolb Heinz: ideal ] S
) > >
hydro; smooth I | upgrade \
initial conds : EPOS?2 obs.
I background: ideal >
I hydro; fluctuating |———>
: initial conditions | PP; PA.
AA L >
e e e e e e e e e e e e e e e e e e e e
Fokker Planck with >
imposed Einstein relation
Boltzmann >
R upgrade
g+d«>ct+cbar a
la Bhanot-Peskin >

+ dissociation
above T
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Some global view of our model development

Remote 2013: 2015: Now Near Future
past Future
Elastic + Radiative Eloss; e >
HE ElOSS running as 5 o Ii > —_—
Effect of realistic EOS on
Eloss (with Frankfurt) Realistic medium
_____________ ______________________________'; helps fixing HF
Kolb Heinz For RHIC gnly I Eloss
Medium > ToTTTTTTTToTTTomes > !
EPOS 2 > I
EPOS3: viscous hydro; I
fluctuating initial ) >
conditions; HQ from EPOS-HQ |
semi-hard pomeron upgrade 1 pp; PA; AAin
System pp; PA. m— I a unified way
AA > :
TRmetic T T gepmay ———— - - - - m s s o > a
Q - jet >
treatment Upgrade D/B — light hadrons correlations
_ g+d«>c+cbar + dissoc
Quarkonia above Ty, >
: Schroedinger - Langevin >
hysi
p yS CS upgrade
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Saturation effects in EPOS3

GDRE Meeting September 2017 Athens - Klaus Werner - Subatech - Nantes

Non-linear effects

Computing the expressions G for single Pomerons:
A cutoff ), is needed (for the DGLAP integrals).

Taking (), constant leads to a power law increase
of cross sections vs energy (=> wrong)

nucleon
because non-linear effects P
like gluon fusion are not
taken into account

ladder partons
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Saturation effects in EPOS3

TDRE Meeting September 2 / Athens tlaus Werner - Subatech - Nantes
GDRE M r Septeml 201 \t] Kl 1! Subatecl Nant

Solution: Instead of a constant (), use a dynami-
cal saturation scale for each Pomeron:

Qs — QS(NIPa SIP)

with "
£ -
- ——— - — 3
Np = number of Pomerons connected E
to a given Pomeron (whose probability -
distribution depends on (),) S .-
o - — ———
= &

spp = energy of considered Pomeron
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Saturation effects in EPOS3

GDRE Meeting September 2017 Athens - Klaus Werner - Subatech - Nantes
We get Q4(Np, sp) from fitting

O the energy dependence of elementary quantities
(Ciots Ol Osp, dn™/dn(0)) for pp

O the multiplicity dependence of dn”™ /dp;
at large p; for pp at 7 TeV

We find

Qs X /NIP % (8]13)0'30

(s X Npgzt % (1 /l,)(_).g(__)

McLerran, Venugopalan, Phys. Rev. D 49, 2233 (1994)

CGC for AA:
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B2’ for RHIC

Comparison to Theory Sept 2015
1.8~ ' +STAR Preliminary Au+Au200GeV, 0-10% T T IX T EaE Fupaem g a A s

. y T o] B i Q 1

: relninaty g b 2014 : FAU+AU EOOGE"J' 0-80% Non-flow est. 1

1.6 o D°2010/11 = 025 e D =

: — TAMU ] F —— TAMU ]

1.4 — SUBATECH ] 0.0F = SUBATECH ]

- — Duke E | —— Duke :
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) ) . D x 2nT Diff. Calculation
* Data favors models with charm diffusion ;
L o . . TAMU 2-11 T-Matrix
- charm exhibits collectivity with the medium
SUBATECH 2-4 PQCD+HTL
Subatech: same Eloss model as Duke 7 Free parameter
previou5|y arXiv:1506.03981 (2015) & private comm.
STAR >« Mustafa Mustafa - QM15 - Kobe, Japan 16
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More recent observables: Higher HQ flow components

Fluctuations in the Initial energy-density profile => odd components of the flow:
V3, Ve, ... (Seen indeed in the light particle spectra)

energy density in GeV/Am?®
. 8 300
/“ o~ 6
) f—J 250
A 4
‘-. ‘
(A : 2
() 0
‘I L -2
;‘. |~
-~ 7 4 y
i - A 4
-6
sketch 8
-8 -6 -4 -2 0 2 4 6 8
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yin
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0

X in fm

EPOS initial conditions

As heavy quarks couple to the expending QGP, same trend should be observed
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More recent observables: Higher HQ flow components

LHC

RHIC

= 0.1

0.2

Nahrgang et al, Phys. Rev. C 91 (2015), 014904

0-10%

T T T T T T
coll, K=1.5 ====
coll+rad, K=0.8 ===

10-30%

V,ALICED |

30-50%

L | L A L L L i A L L L L L L
2 4 6 g 10 12 2 4 6 8 10 12 2 4 6 8 10 12
pr [GeV] pr[GeV] pr [GeV]

T T T T T T Hl K T T T T T T

v = gy
g— collrad. K10 —— p0a05 RHIC D
0-10%

10-20%

Indeed finite v3 observed at all centralities, both at RHIC and LHC
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More recent observables: Higher HQ flow components

In 1"t approximation: v,, a. eccentricity ¢, => look at the ratio forless LHC

trivial effects
1 I I T

Vol€s
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i__:___ ¥______—i_: —— —
- :*'_‘_-7—‘-—_—_?:*':'_:%___ T E e
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centrality [%] centrality [%]

More detailed analysis reveals that HQ benefit less and less from the flow of the
bulk at large centrality, especially for higher harmonics.
Possible inertia effect: HQ need a longer time to develop their flow => earlier
freeze out at larger centrality prevents the v, to develop fully.
This may offer a different perspective on the probing of the system
evolution (ESE) 45



