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This are just the yields, with the correlations it is much worse |



Outline

< Small Systems [w/o SHM]

< Strangeness production [low E]

< QCD Phase Diagram &Chemical freeze-out
< Open Heavy Flavor

< Quarkonia

< Chiral Magnetic & Polarization
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Sub-threshold Strangeness & Charm
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Secondary collision -> strong non-th tail.
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Sub-threshold Strangeness & Charm
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v’ Before passing time the T, uz agree
with SHM + hadronic yield quite close

v It's not the many scatterings but the
large # of states populated



Freeze-out

Statistical Thermal Model

A. Andronic, Wed 11:00
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Freeze-out

Lattice results on freeze-out

F. Karsch, Wed 9:30
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with HRG gives: Ty = 160 MeV

with QCD gives: Ty = 150 MeV
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©B,Q,s=0

1 If PDG is not ok=> this is a problem also

For the yields- standard SHMI?

| Solution: use QM! But .
{ - we do not know decays!

- Is anyway QM-HRG nearly perfecte
C. Ratti’s talk, Wed 10:00
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Freeze-out

Bulk Properties of QCD Matter

C. Ratti, Wed 10:00 [156]
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Exploring QCD Phase Diagram

Critical Point

F. Karsch, Wed 9:30
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Crtical Point

Exploring QCD Phase Diagram

F. Karsch, Wed 9:30
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Open Heavy Flavor

One remark
Differences with bulk dynamics:

- Initial state known (FONLL- pp, pA data)
- Non-equilibrium t 2t 2 Carry info on detailed dynamics

“ After = 12 years we sfill sfruggle with R,, and V,,

Differently w.r.t. to light bulk - hydrodynamics
T dependence of interaction very relevant



Open Heavy Flavor

One remark

Differences with bulk dynamics:

- Initial state known (FONLL- pp, pA datq)

- Non-equilibrium t 2t 2 Carry info on detailed dynamics

% After = 12 years we sfill struggle with R,, and V,

Differently w.r.t. to light bulk - hydrodynamics
T dependence of interaction very relevant

vvvvvv

) ot I I I I | | | T4 04— T T T T T T T
% gl T) : [ AusAu @ 200 GeV — (T}
e —Qafﬂ:“‘ Dra Jo1s — GandD - o0a2F —— QPM 1
0D g . 7 — M = = pQCD - K factor
asf T T R i - PQCD - K tackor -
| === AdS/CFT p - —
_ - N T - AISICFT
- Q4 ’; - o, 1 nh ' T
e S 4 :
= ,”” 2 ek
e 03 - - i
a2 s - :
0af - TV
- 1’ L
plaa salasaataasabaiasalasaslaasa o | | 4 1 | ¢ b 1 1 | o 1 1 1 ad
02 02s 03 035 04 045 Q 0 1 2 3 q 5 8 7 8 q 0 08 1 185 2 25 3 35 4 45 &
T(GeV)

S. Cao, Mon 14:30
S. Das et al., PLB747 (2015) 260

py (GeV)



Open Heavy Flavor

RAA _ v2

S. Das, Thu 16:30

I L L L L L ['(T) for HQ much more impact
- Coal. - .
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LHC (still large error bars)



Open Heavy Flavor

Medium Energy Loss

S. Cao, Thu 12:00 G.-Y. Qin, Tue 15:20
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7 B 4pT<c';ev>6 T8 14 Also PHSD - E. Bratkovaskaia talk, Tue 16:20 +

Angular correlations between heavy and light
mesons, M. Rohrmoser’s talk, Thu 10:00

[ S.Cao, Luo, Qin and Wang, arXiv: 1605.06447 |
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Open HF — High p; jefts

Both Non-eqg. dynamics
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[ J. Xu et al. arXiv: 1411.3673 ]
CuJET3.0 explains 7 sefs of E
data at RHIC +LHC

See also Caio Prado’s Talk,
Thu 11:20 — also prediction v,



Both Non-eqg. dynamics

Open HF — High pT jets

J. Lico, Wed 12:00
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T-matrix, Culet3...

I =T2
I’ =cost

[ J. Xu et al. arXiv: 1411.3673 ]
# CUJET3.0 explains 7 sets of E
_ data at RHIC +LHC

¢ See also Caio Prado’s Talk,
Thu 11:20 — also prediction v,
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Heavy & Jets

From HQ

---------------

DpQCD

Tolos et al.

Moore&Teaney (a,=3)
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E. Bratkovaskaya'’s talk, Tue 16:20
Similar for TAMU, Nantes, Catania...
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Open Heavy Flavor

Magnetic Field

S. Das. Thu 16:30
T o TNEM HQ best probe for v, from B:

M T | = 1, =0.1 fm/c vs g << g at this time

do not mix with CME [c no chiral]
do not mix CVE, copposite €
Needed evolution at >0.1-0.2 fm/c

0.02

Transverse Flow
Viw
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-0.02
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R R w—y ;I) 05 1 15 2 o Magnetic field
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qualitative effect on v, W T .
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Quarkonia

Charmonia

K. Zhou, Mon 16:00
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Quarkonia

Different Approaches

K. Zhou, Mon 16:00 HiS‘l‘OI’ ?
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Coalescence

< Quantum treatment: Schroedinger- Langevin eaq.
beyond independent quarkonia decays
(see P. Gossiaux's talk- Thu 12:00)
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Of +r - Vrf +0.0,f = —af + 3




Quarkonia

Success of Regeneration
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Quarkonia

SHM vs Dynamical

Pb-Pb, m =276TeV,25<y<40
B ALICE (+15% syst. unc.)

[ Statistical Hadronization Model
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Quarkonia at Phase boundary?
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Quarkonia

K. Zhou, Mon 16:00
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Quarkonia

Seqguential Regeneration

X.Du, Tue 17:20
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: , * Y(2S) regenerated in Pb-Pb
* Hadronic (28) suppression == later, with larger flow, than J/a
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Quarkonia

SHM/Dynamical regeneration

How to resolve Quarkonia at phase boundary?

03

02

[ @ ALICE (Pb-Pb fs, = 2.76 TeV), centrality 20%-60%, 25 <y < 4.0
[ Y. Liu et al, b thermalized

| esases Y. L et al, b not thermalized

(==« X.Zhao et al, b thermalized

global syst = * 1.4%

01

JENTE ITETY FPRYE INTNY FUUYE FUTHY FURTE

0

Precise measurement of v, (J/¥ )
greatly helps, generation at T_ larger v,
solution entangled with the Open HF

V.G., R. Rapp, C.M. Ko, PLB(2004)

< Observable O ¢ Indepedent



Chiral Anomaly

Chiral Magnetic Bl WEDE
J. Lico, Wed 12:00
v’ Evidence in Semimetals, Nature Physics 12 (2016) '

[ Laps

v Can we quantitatevely study it in HIC? cpusi
v' Chiral Rel. Hydrodynamics — 215t century hydro
2 currents added (non dissipative, T-even) [Son, Surowka,...,Jiang,Shin]

9,J" = CE'B,

cyusLde

5— Charge separation
Au+Au 200 GeV

IAIIY

—%— STAR .

_ (TR 4 vl g = u

, MS & HHK (na/s=14%) J'=npu"+ '+ E

I _ : : T
3' - KKV (nA/S—10%) JI M o= nl ur‘ . l"| M . ? Er'

Z d ve = (vns” - ve*) / Tuix
2_

on top of 2+ 1D VISHNew—— OSU Group

10* x (Hss=Hos)

-—
— T

D, T =0 n=0

- Readlistic initial condition:

——
—
-

o 20 s a0 s s Modelings for us (chiral imbalance)
Centrality (%) - Early stage physics = Chiral Kinetic Theory

[See also: Hirono, Hirano, Kharzeev, arXiv:1412.0311; Yin and JL, arXiv:1504.06906]



Vorficity

Global Polarization

F. Becattini, Mon 16:30
Thermal vorticity= conv.+ accel.+ cond. = polarization

1, (p) T fdz)\p/\ np(l — np)a P:2 T

= €upor
HPOT Ry f dXapA 10y
F. Becattini et al.,Ann. Phys. 338 (2013)32 < P
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Vorficity

Global Polarization

F. Becattini, Mon 16:30
Thermal vorticity= conv.+ accel.+ cond. = polarization

1, (p) T fdz)\p/\ np(l — np)a P:2 T

=€
MO 8, [dAEpA 1y
F. Becattini et al.,Ann. Phys. 338 (2013)32 ~ —
P; vs \/s 9> v ¥V A this study
i L . : 8 A A PRC76 024915 (2007
0 [ ! T/ A PRC76 024915 (2007
0.020- 20-50% central f § n/s £100% i
t § R, +40% 6l .
} } R,, + 40% Au+Au 20-50%
0.0151 ., k
f§ e, £40% . STAR Preliminary
a7 o010 | i v ’
2 + : J
| ¥
0.005|- _ I *#j A ﬁ w J
Theory 0 -
v/ snn [GeV] 10 102
|. Karpenko, Tue 15:00 |5y, (GEV)

< A and anti-A splitfing to be understood (CME,Pauli Blocking...)

N Feed—dpwn from 2(] 389) J:3_/2 See L.G. P'crjng’s talk Tue 15:40
< Hadronic rescattering fo be incl. for Polarization correlation

< Constrain to initial state vorticity & X.G. Huang for more details



Conclusions

“ There is a clear progress, many questions was not even
conceivable a decade ago we have already solved or
we are solving getting info on physics that were
unexpected from small systems, heavy quarks and
quarkoniaq, vorticities, IQCD precision in fluctuations....



Conclusions

% Please take the time to enjoy this field,
with more control & rich perspectives
now than 10 years ago!




