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Disclaimer: these are only some results. I 
cannot do justice to all ongoing work!

(or, in other words, I apologize for not being complete!)

57 parallel talks
27 plenary talks

Strangeness in Quark Matter 2019

Elia, Monday 9:00

clickable

https://indico.cern.ch/event/755366/contributions/3429665/
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• Precision studies of LF and strangeness production mechanisms
• Bulk matter / soft physics and collectivity 
• How are nuclei produced? 
• Heavy flavor production and its relation to bulk
• Hadronic interactions, astrophysics and more
• The future
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Outlook to small systems

Francesca Bellini (CERN) - SQM Bari, 12th June 2019 26

The smooth multiplicity-dependent 
evolution of particle chemistry (and 
signatures for collective behaviour) 
across systems might be pointing at a 
common hadron production mechanism. 

Advocates for a unification of the 
theoretical description under a
“small-to-large” or “large-to-small” 
paradigm.

A point of no return (?)

⟶ more in talk by R. Preghenella on Fri. 

The AA limitpp, p-Pb: dynamics • The AA limit: thermally equilibrated particle production expected
• Not perfect in first application of stat. hadr. models (SHMs):
• Proton yield significantly lower than prediction?

Production of 4He and 4He ALICE Collaboration
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Fig. 3: Thermal model fits, with three different implementations, to the light flavour hadron yields in central (0-
10%) Pb–Pb collisions at

p
sNN = 2.76 TeV. The data points are taken from [1, 2, 38, 51–54] and details of the fits

can be found in [10, 11]. The upper panel shows the fit results together with the data, whereas the middle panel
shows the difference between model and data normalised to the model value and the lower panel the difference
between model and data normalised to the experimental uncertainties.
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ALICE Collaboration, Nucl. Phys. A 971 (2018) 1-20

Bellini, Wednesday 9:00

https://indico.cern.ch/event/755366/contributions/3427216/attachments/1860425/3057421/20190612_SQM_FBellini.pdf
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Outlook to small systems

Francesca Bellini (CERN) - SQM Bari, 12th June 2019 26

The smooth multiplicity-dependent 
evolution of particle chemistry (and 
signatures for collective behaviour) 
across systems might be pointing at a 
common hadron production mechanism. 

Advocates for a unification of the 
theoretical description under a
“small-to-large” or “large-to-small” 
paradigm.

A point of no return (?)

⟶ more in talk by R. Preghenella on Fri. 

The AA limitpp, p-Pb: dynamics • The AA limit: thermally equilibrated particle production expected
• Not perfect in first application of stat. hadr. models (SHMs)

• Potential explanations relying on hadronic interactions:
• Proton-anti-proton annihilation 
• New: resonant and non-resonant πN and ππN interactions 

• Correction implemented → χ2 = 16.9/19

Towards understanding the thermal proton anomaly 
The role of resonant and non-resonant πN and ππN interactions

The inclusion of the resonant and non-resonant πN and ππN interactions via the S-matrix 
formalism has the net effect of reducing by 17% (1%) the proton (pion) yield with respect the 
HRG case. More specifically, πN reduces the proton, ππN tends to increase it. 

⟶ Improved agreement between p ALICE data and thermal model after this correction.

Francesca Bellini (CERN) - SQM Bari, 12th June 2019 13

Normalised proton yield vs T

A. Andronic et al., PLB 792 (2019) 304-309
A. Andronic et al., PLB 792 (2019) 304-309 Bellini, Wednesday 9:00

https://indico.cern.ch/event/755366/contributions/3427216/attachments/1860425/3057421/20190612_SQM_FBellini.pdf
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The AA limitpp, p-Pb: dynamicsTowards understanding the thermal proton anomaly 
The role of resonant and non-resonant πN and ππN interactions

The inclusion of the resonant and non-resonant πN and ππN interactions via the S-matrix 
formalism has the net effect of reducing by 17% (1%) the proton (pion) yield with respect the 
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Normalised proton yield vs T

A. Andronic et al., PLB 792 (2019) 304-309

• The AA limit: thermally equilibrated particle production expected
• Not perfect in first application of stat. hadr. models (SHMs)

• Potential explanations relying on hadronic interactions:
• Proton-anti-proton annihilation 
• New: resonant and non-resonant πN and ππN interactions 

• Correction implemented → χ2 = 16.9/19
• Other approaches: sequential freezeout

A. Andronic et al., PLB 792 (2019) 304-309 

Bellwied, Thursday 15:20

Bellini, Wednesday 9:00

https://indico.cern.ch/event/755366/contributions/3395793/attachments/1861301/3059110/bellwied-sqm2019o.pdf
https://indico.cern.ch/event/755366/contributions/3427216/attachments/1860425/3057421/20190612_SQM_FBellini.pdf
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Willsher, 
Tuesday 16:10

• pp and p-Pb: smooth, Nch-dependent dynamics of 
particle ratios

• Plenty of dynamics present!
• Where do we go from here (experimentally)?

Outlook to small systems

Francesca Bellini (CERN) - SQM Bari, 12th June 2019 26

The smooth multiplicity-dependent 
evolution of particle chemistry (and 
signatures for collective behaviour) 
across systems might be pointing at a 
common hadron production mechanism. 

Advocates for a unification of the 
theoretical description under a
“small-to-large” or “large-to-small” 
paradigm.

A point of no return (?)

⟶ more in talk by R. Preghenella on Fri. 

The AA limitpp, p-Pb: dynamics

Bellini, Wednesday 9:00

https://indico.cern.ch/event/755366/contributions/3396479/attachments/1859125/3054773/EWillsher_v7.pdf
https://indico.cern.ch/event/755366/contributions/3427216/attachments/1860425/3057421/20190612_SQM_FBellini.pdf
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• pp and p-Pb: smooth, Nch-dependent dynamics of 
particle ratios

• Plenty of dynamics present!

jet pedestal region

A jet–free multiplicity estimator
What is RT?

!"

228Valentina Zaccolo – SQM2019

We look for a variable that

1. is not influenced by the initial hard parton scattering

2. can discriminate among soft and hard events

Ø define the relative

transverse activity classifier RT in the 

plateau region (jet pedestal)
Eur.Phys.J. C76 (2016) no.5, 299

!" =
$%&'()*%+,
$%&'()*%+,

Zaccolo, Tuesday 16:50

Willsher, 
Tuesday 16:10
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signatures for collective behaviour) 
across systems might be pointing at a 
common hadron production mechanism. 

Advocates for a unification of the 
theoretical description under a
“small-to-large” or “large-to-small” 
paradigm.

A point of no return (?)

⟶ more in talk by R. Preghenella on Fri. 

The AA limitpp, p-Pb: dynamics

Bellini, Wednesday 9:00

https://indico.cern.ch/event/755366/contributions/3382560/attachments/1859384/3055260/SQM-Zaccolo.pdf
https://indico.cern.ch/event/755366/contributions/3396479/attachments/1859125/3054773/EWillsher_v7.pdf
https://indico.cern.ch/event/755366/contributions/3427216/attachments/1860425/3057421/20190612_SQM_FBellini.pdf


Transverse activity-differential study of pp collisions
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Zaccolo, Tuesday 16:50

12Valentina Zaccolo – SQM2019

RT dependence 
for transverse and toward

New Results

• Good separation of UE and jet-like component for h±

• Very promising for other cases: J/ψ, etc!

https://indico.cern.ch/event/755366/contributions/3382560/attachments/1859384/3055260/SQM-Zaccolo.pdf


Jet-associated φ meson production
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SQM 2019, June 10 - 15 2019  5

Motivation: Using Correlations to Study Strangeness

Δ!

assoc: 2.0 < pTɸ < 4.0 GeV/c

trigger: 4.0 < pTh < 8.0 GeV/c

Measuring the angular correlation between a high pT hadron trigger (jet 
proxy) and a ɸ meson gives us a way to separate out  

ɸ produced in jets from ɸ produced in the underlying event 

How does jet vs. non-jet production affect increase in strangeness?

Identified Strange Associated Particles
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ALICE Preliminary
 = 5.02 TeVNNsp-Pb 
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hp4.0 < 

c < 4.0 GeV/
T,assoc
fp2.0 < 

ALI−PREL−317494

• Strangeness enhancement from where? Jets or soft component?
• (h-ɸ)/(h-h) total pair ratios show an increase as a function of multiplicity
• Production tends to be dominated by UE 

Blair, Thursday 17:10

https://indico.cern.ch/event/755366/contributions/3382525/attachments/1860457/3057401/JustinBlair_SQM2019_20190613.pdf


Strangeness at the BES
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Highlights from STAR
Zhenyu Ye for the STAR Collaboration

University of Illinois at Chicago

J. Zhao SQM2019, Italy 16 

Strange hadron production  17
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FIG. 15: (Color online) The averaged transverse mass, hmTi�
m0, at mid-rapidity (|y| < 0.5) for K0

S, ⇤, ⇤, ⌅
�, and ⌅

+
as

a function of energy from 0–5% central Au+Au collisions atp
sNN = 7.7–39 GeV. For comparison, previous results from

central Pb+Pb collisions at
p
sNN =6.3–17.3 GeV at SPS [11]

and from central Au+Au collisions at
p
sNN =130 GeV at

RHIC are shown as open markers [14, 15]. The orange shaded
bands on the STAR BES data points represent the systematic
errors.

antibaryon production in more central collisions.833
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FIG. 16: (Color online) The integrated yield, dN/dy, per av-
erage number of participating nucleon pairs (hNparti /2), of
various strange hadrons (K0

S, �, ⇤, ⇤, ⌅
�, ⌅

+
, ⌦�, ⌦

+
) at

mid-rapidity (|y| < 0.5) as a function of number of partici-
pating nucleons, hNparti, from Au+Au collisions at

p
sNN =

7.7–39 GeV. The box on each data point denotes the sys-
tematic error. For clarity, uncertainties in hNparti are not
included.

Figures 17 and 18 show the collision energy dependence834

of the particle yield (dN/dy) at mid-rapidity (|y| < 0.5)835

for K0
S, ⇤, ⇤, ⌅

�, and ⌅
+
from 0–5% central Au+Au col-836

lisions at
p
sNN = 7.7, 11.5, 19.6, 27, and 39 GeV, com-837

pared to the corresponding data from CERES, NA57,838

and NA49 in the similar energy range, as well as to839

the STAR data at higher collision energies. The NA57840

and NA49 data are from central Pb+Pb collisions, and841
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FIG. 17: (Color online) The K0
S integrated yield, dN/dy,

at mid-rapidity (|y| < 0.5) as a function of collision en-
ergy from 0–5% central Au+Au collisions at

p
sNN = 7.7–

39 GeV. The orange shaded bands on the STAR BES data
points represent the systematic errors. Also shown are the
previous mid-rapidity results from 0–5% central Au+Au col-
lisions at

p
sNN =62.4 GeV (|y| < 1) and at

p
sNN =200 GeV

(|y| < 0.5) from STAR [20, 21], from 0–5% central Pb+Pb
collisions at

p
sNN =8.7 GeV (|y| < 0.5) from NA57 [9, 10],

and from 0–7% central Pb+Au collisions at
p
sNN =17.3 GeV

from CERES [13]. CERES mid-rapidity data are the extrapo-
lated values based on the measurements at backward rapidity.
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FIG. 18: (Color online) Collision energy dependence of the

⇤, ⇤, ⌅�, and ⌅
+

integrated yields, dN/dy, at mid-rapidity
(|y| < 0.5) in 0–5% central Au+Au collisions at

p
sNN =

7.7–39 GeV. ⇤(⇤) yields are corrected for weak decay feed-
down. The orange shaded bands on the STAR BES data
points represent the systematic errors. Also shown are the
results from central Au+Au collisions at STAR [14–16, 20]
and central Pb+Pb collisions at NA57 [9, 10] and NA49 [11,
61–63]. The rapidity ranges are |y| < 1.0 for STAR at 62.4
GeV and STAR ⇤ at 200 GeV, |y| < 0.5 for STAR ⇤ at 130
GeV and NA57, |y| < 0.75 for STAR ⌅ at 130 and 200 GeV,

|y| < 0.4 for NA49 ⇤(⇤) and |y| < 0.5 for NA49 ⌅�(⌅
+
).

⟨mT⟩ − m0 of antibaryons and baryons
 significantly deviate from each other
 towards lower collision energies,
 especially for anti-Λ and Λ. �

Ø  The K0
s Rcp no suppression for pT 3.5 GeV

 and particle type independence at <= 11.5
 GeV.  

Ø  Partonic energy loss effect less significant at
 low energies. The cold nuclear matter effect
 take over? 

Ø  Further investigation of the deconfinement
 phase transition below 19.6 GeV�

STAR, arXiv:1906.03732 
21

equilibrium. The energy dependence of the parameters990

Tch and µB in the model were obtained with a smooth991

parametrization of the original fitting parameters to the992

mid-rapidity particle ratios from heavy ion experiments993

at SPS and RHIC. The K+/⇡+ [60], ⇤/⇡, and ⌅�/⇡ ra-994

tios all show a maximum at
p
sNN ⇠ 8 GeV, which seems995

to be consistent with the picture of maximum net-baryon996

density at freeze-out at this collision energy [76].997

F. Nuclear modification factor998

Figure 27 presents the nuclear modification factor,999

RCP, of K0
S, ⇤+ ⇤, ⌅� + ⌅

+
, � and ⌦�+⌦

+
in Au+Au1000

collisions at
p
sNN = 7.7–39 GeV. RCP is defined as the1001

ratio of particle yield in central collisions to that in pe-1002

ripheral ones scaled by the average number of inelastic1003

binary collisions Ncoll, i.e.1004

RCP =
[(dN/dpT )/hNcolli]central

[(dN/dpT )/hNcolli]peripheral
. (8)

Here Ncoll is determined from Glauber Monte Carlo sim-1005

ulations. See Table VII for the Ncoll values for Au+Au1006

collisions in the STAR Beam Energy Scan. RCP will1007

be unity if nucleus-nucleus collisions are just simple su-1008

perpositions of nucleon-nucleon collisions. Deviation of1009

these ratios from unity would imply contributions from1010

nuclear or in-medium e↵ects. For pT ⇠ 4 GeV/c, one1011

can see from Fig. 27 that the K0
S RCP is below unity1012

at
p
sNN =39 GeV. This is similar to the observation at1013

top RHIC energy [77] though the lowest RCP value is1014

larger. Then the K0
S RCP at pT > 2 GeV/c keeps increas-1015

ing with decreasing collision energies, indicating that the1016

partonic energy loss e↵ect becomes less important. Even-1017

tually, the cold nuclear matter e↵ect (Cronin e↵ect) [78]1018

starts to take over at
p
sNN = 11.5 and 7.7 GeV and en-1019

hances all the hadron (including K0
S) yields at interme-1020

diate pT (up to ⇠3.5 GeV/c). Similar to the observation1021

for identified charged hadrons [79], the energy evolution1022

of strange hadron RCP reflects the decreasing partonic ef-1023

fects with decreasing beam energies. In addition, the par-1024

ticle RCP di↵erences are apparent for
p
sNN � 19.6 GeV.1025

However, the di↵erences become smaller at
p
sNN =11.51026

GeV and eventually vanish at
p
sNN =7.7 GeV, which1027

may also suggest di↵erent properties of the system cre-1028

ated in Au+Au collisions at
p
sNN = 11.5 and 7.7 GeV,1029

compared to those in
p
sNN � 19.6 GeV.1030

G. Baryon enhancement at intermediate pT1031

The enhancement of baryon-to-meson ratios at inter-1032

mediate pT in central A+A collisions compared to pe-1033

ripheral A+A or p+p collisions at the same energy is in-1034

terpreted as a consequence of hadron formation through1035

parton recombination and parton collectivity in central1036

collisions [35–42, 80]. Therefore, the baryon-to-meson1037
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FIG. 27: (Color online) K0
S, ⇤+⇤, and ⌅�+⌅

+
RCP(0–

5%)/(40–60%), � and ⌦�+⌦
+

RCP(0–10%)/(40–60%), at
mid-rapidity (|y| < 0.5) in Au+Au collisions at

p
sNN = 7.7–

39 GeV. The vertical bars denote the statistical errors. The
box on each data point of K0

S, ⇤, and ⌅ denotes the system-
atic error. The gray and blue bands on the right side of each
panel represent the normalization errors fromNcoll forRCP(0–
5%)/(40–60%) and RCP(0–10%)/(40–60%) respectively.
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FIG. 28: (Color online) ⇤/K0
S ratio as a function of pT at

mid-rapidity (|y| < 0.5) in di↵erent centralities from Au+Au
collisions at

p
sNN = 7.7–39 GeV. Errors are statistical only.

ratios are expected to be sensitive to the parton dynam-1038

ics of the collision system. The multi-strange baryon-1039

to-meson ratio, ⌦/�, has been described in detail in1040

Ref. [59]. Figure 28 shows the ⇤/K0
S ratio as a func-1041

tion of pT in di↵erent centralities from Au+Au collisions1042

at
p
sNN = 7.7–39 GeV. The ⇤ is chosen instead of ⇤,1043

because it is a newly produced baryon in the baryon-rich1044

medium created in lower Beam Energy Scan energies. At1045 p
sNN � 19.6 GeV, the ⇤/K0

S reaches its maximum value1046

at pT ⇠ 2.5 GeV/c in central collisions, while in periph-1047

eral collisions, the maximum value is significantly lower.1048

STAR, PRC96, 044904

Strange hadron to pion ratio (STAR BES-I)

J. Randrup et al., PRC 74, 047901 (2006)

¾ Particle ratios consistent with NA49, 
consistent with the picture of a maximum 
net-baryon density around √sNN ~ 8 
GeV at freeze-out

RHIC BES

12

STAR, arXiv:1906.03732

• Strangeness RCP in Au+Au: species-independent 
below 11.5 GeV

• ~8 GeV: maximum net-baryon density

Zhao, Tuesday 9:00

https://indico.cern.ch/event/755366/contributions/3427156/attachments/1859551/3055611/SQM2019_JieZhao.pdf
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K+/p+ ratio at mid-rapidity as a function of system size

Ar+Sc data are significantly higher than p+p⇡Be+Be results
Ar+Sc is closer to Pb+Pb, than to smaller system results
Di�erence between Ar+Sc and Pb+Pb results is smaller for higher beam momenta

Wounded Nucleon Model: A. Bialas, M. Bleszynski, W. Czyz, Acta Phys.Polon. B8 (1977)

Piotr Podlaski (University of Warsaw) Strangeness production at the CERN SPS energies SQM 2019 16 / 19
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Wounded Nucleon Model: A. Bialas, M. Bleszynski, W. Czyz, Acta Phys.Polon. B8 (1977)

Piotr Podlaski (University of Warsaw) Strangeness production at the CERN SPS energies SQM 2019 16 / 19

Podlaski, Tuesday 14:00

• Plateau-like in pp, Be+Be
• Intermediate in Ar+Sc but no horn
• Suggestive of change in production mechanisms?

• Is there a phase transition involved?

https://indico.cern.ch/event/755366/contributions/3357938/attachments/1859695/3055901/SQM_Podlaski.pdf


Studying the QCD phase diagram

SQM2019 - Experimental Summary talk 14

0

20

40

60

80

100

120

140

160

180

200

1 10 10
2

10
3

µB (MeV)

T
 (

M
e

V
)

Points: Statistical Hadronization, TCF

Quark-Gluon Matter

Hadronic Matter

Nuclei

Band: Lattice QCD, Tc

 (GeV)NNs
10 210 310

 y
ie

ld
 ra

tio
y

/d
Nd

4-10

3-10

2-10

1-10

1

10 +pp/
-p/p

d/p

Points: Data
Lines: Statistical Hadronization

 (GeV)NNs
10 210 310

 y
ie

ld
 ra

tio
y

/d
Nd

0

0.05

0.1

0.15

0.2

0.25
+p/+K
-p/-K

+p/L

• What can we learn (experimentally) about the phase structure at 
the lower energies on top of that?

N
ature

561,321–330
(2018)
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• What can we learn (experimentally) about the phase structure at 
the lower energies on top of that?

• Phase structure at the boundary
• Study of fluctuations: higher moments of conserved charges
• Phase transition and potential signature of critical point?

N
ature

561,321–330
(2018)

13
SQM2019  - Ashish Pandav, NISER
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STAR Preliminary
Net-proton

 < 2 GeV/c, |y|<0.5
T

0.4 < p
Au+Au collisions at RHIC

50

Expectation
Skellam & HRG

5

Energy Dependence of Cumulant Ratios

Dependence of net-proton cumulants ratio C4/C2 on beam energy 
including results from 54.4 GeV.

STAR: Xiaofeng Luo, 
PoS CPOD2014 (2015) 019 

• Net-protons in the STAR BES:
• Non-monotonic behavior below 39 GeV

Pandav, Thursday 14:20

https://indico.cern.ch/event/755366/contributions/3395789/attachments/1861303/3059448/SQM2019_Ashish_Pandav_e7.pdf
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Dependence of net-proton cumulants ratio C4/C2 on beam energy 
including results from 54.4 GeV.

STAR: Xiaofeng Luo, 
PoS CPOD2014 (2015) 019 

• Net-protons in the STAR BES:
• Non-monotonic behavior below 39 GeV

• And more: net kaons, lambdas
• Extraction of (μB,  T) using isentropic 

trajectories from lQCD and 
susceptibilities from cumulants 

Pandav, Thursday 14:20

Stafford, Thursday 15:00
Bellwied, Thursday 15:20

https://indico.cern.ch/event/755366/contributions/3395789/attachments/1861303/3059448/SQM2019_Ashish_Pandav_e7.pdf
https://indico.cern.ch/event/755366/contributions/3357741/attachments/1860613/3058087/Stafford_SQM19.pdf
https://indico.cern.ch/event/755366/contributions/3395793/attachments/1861301/3059110/bellwied-sqm2019o.pdf
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• Precision studies of LF and strangeness production mechanisms
• Bulk matter / soft physics and collectivity 
• How are nuclei produced? 
• Heavy flavor production and its relation to bulk
• Hadronic interactions, astrophysics and more
• The future
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Prologue Dissipative RFD Hydro to equilibrium Pre-hydro to hydrodynamics

“Elliptic flow” in PbPb, pPb, pp — but not in e
+
e
�

Long-range (in rapidity) angular correlations (a.k.a. “elliptic flow”) observed in
PbPb, pPb, and high- multiplicity pp collisions, but not in e+e� collisions:

Yen-Jie Lee (MIT)

Archived ALEPH e+e- Data at 91 GeV

3Status of Heavy Ion Physics

pp PbPbpPbe+e-

Badea et al., arXiv:1906.00489 CMS, PLB 724 (2013) 213CMS, JHEP09 (2010) 091

(figure credit: Yen-Jie Lee (MIT))

Whereever the
e↵ect is seen, it
is a collective
phenomenon:
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Ulrich Heinz (OSU/J.W.Goethe-University) Hydro & Approach to Equilibrium SQM2019, 6/14/2019 4 / 35

• The double ridge: 
• There in pp, p-Pb, Pb-Pb
• Precision studies needed

https://indico.cern.ch/event/755366/contributions/3428147/attachments/1862015/3060486/Heinz_SQM2019.pdf
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Further proof of collectivity: geometry driven phenomena

10

First measurement of v3{4} in p-Pb collisions

• Data & hydrodynamics-motivated  
fluctuation-driven IS calculations  
are in agreement

Prediction: 
v2{4}
v2{2}

=
v3{4}
v3{2}

<latexit sha1_base64="zd0QgAHZZDBpIRMoxXEJDWKiwmQ="></latexit><latexit sha1_base64="zd0QgAHZZDBpIRMoxXEJDWKiwmQ="></latexit><latexit sha1_base64="zd0QgAHZZDBpIRMoxXEJDWKiwmQ="></latexit><latexit sha1_base64="zd0QgAHZZDBpIRMoxXEJDWKiwmQ="></latexit>

☞ More sensitive to initial state fluctuations

Strangeness in pp, pPb and PbPb collisions

PLB 768, 103

PLB 765, 193

Higher transverse kinematic energy hKET i at higher multiplicities for all
systems

Faster increase for heavier particles and smaller systems

Mass ordering also seen in v2 in pp

E. Chapon (CERN) Recent results from CMS SQM2017 17 / 19

Parallel: Hong Ni, Thu 12:10

Strangeness in pp, pPb and PbPb collisions

PLB 768, 103

PLB 765, 193
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systems

Faster increase for heavier particles and smaller systems
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E. Chapon (CERN) Recent results from CMS SQM2017 17 / 19

Parallel: Hong Ni, Thu 12:10

SQM 2019, Bari, Italy, 10th - 15th, June 2019

arXiv:1904.11519

P. Pujahari,  IITM

Prologue Dissipative RFD Hydro to equilibrium Pre-hydro to hydrodynamics

“Elliptic flow” in PbPb, pPb, pp — but not in e
+
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Long-range (in rapidity) angular correlations (a.k.a. “elliptic flow”) observed in
PbPb, pPb, and high- multiplicity pp collisions, but not in e+e� collisions:
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Archived ALEPH e+e- Data at 91 GeV

3Status of Heavy Ion Physics

pp PbPbpPbe+e-

Badea et al., arXiv:1906.00489 CMS, PLB 724 (2013) 213CMS, JHEP09 (2010) 091

(figure credit: Yen-Jie Lee (MIT))
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arXiv:1904.11519

• The double ridge: 
• There in pp, p-Pb, Pb-Pb
• Precision studies needed

• v2, v3 in p-Pb studied by CMS 
• p-Pb: v2{4}/v2{2} ≅ v3{4}/v3{2}

• Anisotropy driven by 
fluctuations

• not the case in Pb-Pb

Pujahari, Tuesday 11:30

https://indico.cern.ch/event/755366/contributions/3428147/attachments/1862015/3060486/Heinz_SQM2019.pdf
https://indico.cern.ch/event/755366/contributions/3427163/attachments/1859648/3055802/prabhat-SQM2019.pdf
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“Elliptic flow” in PbPb, pPb, pp — but not in e
+
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�

Long-range (in rapidity) angular correlations (a.k.a. “elliptic flow”) observed in
PbPb, pPb, and high- multiplicity pp collisions, but not in e+e� collisions:

Yen-Jie Lee (MIT)

Archived ALEPH e+e- Data at 91 GeV

3Status of Heavy Ion Physics

pp PbPbpPbe+e-

Badea et al., arXiv:1906.00489 CMS, PLB 724 (2013) 213CMS, JHEP09 (2010) 091

(figure credit: Yen-Jie Lee (MIT))

Whereever the
e↵ect is seen, it
is a collective
phenomenon:

offline
trkN

0 50 100 150

2v 0.05

0.10  = 13 TeVspp 

 < 3.0 GeV/c
T

0.3 < p
| < 2.4η|

CMS

|>2}ηΔ{2, |sub
2v
{4}2v
{6}2v
{8}2v
{LYZ}2v

offline
trkN

0 100 200 300

2v

0.05

0.10  = 2.76 TeVNNsPbPb 

 < 3.0 GeV/c
T

0.3 < p
| < 2.4η|

offline
trkN

0 100 200 300

2v

0.05

0.10  = 5 TeVNNspPb 

 < 3.0 GeV/c
T

0.3 < p
| < 2.4η|

Ulrich Heinz (OSU/J.W.Goethe-University) Hydro & Approach to Equilibrium SQM2019, 6/14/2019 4 / 35

arX
iv:1903.01790 

• The double ridge: 
• There in pp, p-Pb, Pb-Pb
• Precision studies needed

• v2, v3 in p-Pb studied by CMS 
• p-Pb: v2{4}/v2{2} ≅ v3{4}/v3{2}

• Anisotropy driven by 
fluctuations

• not the case in Pb-Pb

• ALICE: pp, p-Pb, Xe-Xe, Pb-Pb

Otwinowski, Tuesday 11:00

https://indico.cern.ch/event/755366/contributions/3428147/attachments/1862015/3060486/Heinz_SQM2019.pdf
https://indico.cern.ch/event/755366/contributions/3427164/attachments/1859423/3055948/JacekOtwinowski_talk_SQM2019.pdf
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“Elliptic flow” in PbPb, pPb, pp — but not in e
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Long-range (in rapidity) angular correlations (a.k.a. “elliptic flow”) observed in
PbPb, pPb, and high- multiplicity pp collisions, but not in e+e� collisions:

Yen-Jie Lee (MIT)

Archived ALEPH e+e- Data at 91 GeV

3Status of Heavy Ion Physics

pp PbPbpPbe+e-

Badea et al., arXiv:1906.00489 CMS, PLB 724 (2013) 213CMS, JHEP09 (2010) 091

(figure credit: Yen-Jie Lee (MIT))
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• ALICE: pp, p-Pb, Xe-Xe, Pb-Pb
• Sym. Cum. reveal a different 

fluctuation pattern for Nch <100

• The double ridge: 
• There in pp, p-Pb, Pb-Pb
• Precision studies needed

• v2, v3 in p-Pb studied by CMS 
• p-Pb: v2{4}/v2{2} ≅ v3{4}/v3{2}

• Anisotropy driven by 
fluctuations

• not the case in Pb-Pb

Otwinowski, Tuesday 11:00

https://indico.cern.ch/event/755366/contributions/3428147/attachments/1862015/3060486/Heinz_SQM2019.pdf
https://indico.cern.ch/event/755366/contributions/3427164/attachments/1859423/3055948/JacekOtwinowski_talk_SQM2019.pdf


Highlights from STAR
Zhenyu Ye for the STAR Collaboration

University of Illinois at Chicago

J. Zhao SQM2019, Italy 6 

Collectivity in Small Systems  

Ø   Different V2,2 from different methods to correct for non-flow background in
 p/d+Au collisions, positive v2 at high multiplicity 

Ø  v2 from subtraction method is negative at lower collision energies  
Ø  v2 from template fit increases with multiplicity 
Ø   Initial state effect vs. final state effect? Hydrodynamics or anisotropic

 escape? 

Collectivity in Small Systems

Quark Matter 2018, Venice, Italy Zhenyu Ye for STAR Collaboration 23

Shengli Huang 

#734, May 15, 11:30

• Different V2,2 from different methods to correct for non-flow background 

in p/d+Au collisions. Be careful about the assumptions of the methods. 

Flow from small to large: the challenge
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“Elliptic flow” in PbPb, pPb, pp — but not in e
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Long-range (in rapidity) angular correlations (a.k.a. “elliptic flow”) observed in
PbPb, pPb, and high- multiplicity pp collisions, but not in e+e� collisions:

Yen-Jie Lee (MIT)

Archived ALEPH e+e- Data at 91 GeV

3Status of Heavy Ion Physics

pp PbPbpPbe+e-

Badea et al., arXiv:1906.00489 CMS, PLB 724 (2013) 213CMS, JHEP09 (2010) 091

(figure credit: Yen-Jie Lee (MIT))
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• The double ridge: 
• There in pp, p-Pb, Pb-Pb
• Precision studies needed

• v2, v3 in p-Pb studied by CMS 
• p-Pb: v2{4}/v2{2} ≅ v3{4}/v3{2}

• Anisotropy driven by 
fluctuations

• not the case in Pb-Pb

• ALICE: pp, p-Pb, Xe-Xe, Pb-Pb
• Sym. Cum. reveal a different 

fluctuation pattern for Nch <100

• STAR measurements support 
nonzero flow in p+Au, d+Au

Pujahari, Tuesday 10:30

https://indico.cern.ch/event/755366/contributions/3428147/attachments/1862015/3060486/Heinz_SQM2019.pdf
https://indico.cern.ch/event/755366/contributions/3427163/attachments/1859648/3055802/prabhat-SQM2019.pdf
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Nature Physics 15, 214–220 (2019)

• Changing projectile: change in expected hydro 
response

Rosati, Monday 14:30 Preghenella, Friday 11:30

https://indico.cern.ch/event/755366/contributions/3427004/attachments/1859202/3055165/rosati-sqm2019.pdf
https://indico.cern.ch/event/755366/contributions/3428144/attachments/1862501/3061565/preghenella_sqm2019.pdf
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Nature Physics 15, 214–220 (2019)

• Changing projectile: change in expected hydro 
response → observed experimentally!

• Hydro simulations reproduce data
• “Creation of quark–gluon plasma droplets with 

three distinct geometries”
Rosati, Monday 14:30 Preghenella, Friday 11:30

https://indico.cern.ch/event/755366/contributions/3427004/attachments/1859202/3055165/rosati-sqm2019.pdf
https://indico.cern.ch/event/755366/contributions/3428144/attachments/1862501/3061565/preghenella_sqm2019.pdf
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• Precision studies of LF and strangeness production mechanisms
• Bulk matter / soft physics and collectivity 
• How are nuclei produced? 
• Heavy flavor production and its relation to bulk
• Hadronic interactions, astrophysics and more
• The future

luca.barioglio@cern.ch Strangeness in Quark Matter - Bari 2019

The coalescence model
• Nucleons that are close in the phase space at the freeze-

out can form a nucleus via coalescence 
• The key concept is the overlap between the nucleus wave-

function and the phase space of the nucleons 

• The main parameter of the coalescence is the BA, defined as:  
 
 
 
 
 
where: 

- A is the mass number of the nucleus 

- pp = pA / A 

• BA is related to the probability to form a nucleus via coalescence

!5

J. I. Kapusta, Phys.Rev. C21, 1301 (1980)

BA =
EA

d3NA

dp3
A

(Ep
d3Np

dp3p )
A



Deuteron production across systems from ALICE
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• Production models:
• Coalescence: Nucleons that are close in the 

phase space form a nucleus via coalescence
• Statistical hadronization: hadrons are emitted 

from the interaction region in statistical 
equilibrium at the chemical freeze-out

• New data from ALICE across systems →
• Both models compatible

luca.barioglio@cern.ch Strangeness in Quark Matter - Bari 2019 !14

• The measurement of the d/p ratio does not 
show discontinuity between different 
colliding systems and different energies: 
it evolves smoothly with the multiplicity

‣ Hint of a unique production mechanism 
depending only on the system size

• Two different regimes:

Deuteron over proton ratio
Barioglio, Tuesday 16:30

https://indico.cern.ch/event/755366/contributions/3382550/attachments/1859597/3055702/SQM19_Barioglio_v7.pdf


  v2 & v3 vs. iEBE-VISHNU + Coalescence 

A. Calivà for the ALICE Collaboration            Flow of light (anti-)nuclei 15 / 16 

Coalescence model with phase space distributions  
of nucleons generated by iEBE-VISHNU  
(PRC 98, 054905 (2018)): 
 

§   AMPT initial conditions 
§   (1+2)d hydro (VISHNU) + UrQMD 

3He d d 

 

Ø  good description of the data in 0-40% 
Ø  no predictions for more peripheral 

collisions 

Elliptic and triangular flow of nuclei

SQM2019 - Experimental Summary talk 27

Caliva, Thursday 16:30

• Nuclei flow: further constraint on production mechanisms
• Consistent with coalescence with phase space distributions of nucleons generated by iEBE-VISHNU

https://indico.cern.ch/event/755366/contributions/3382559/attachments/1861311/3059128/AlbertoCaliva_SQM19.pdf


Nuclei elliptic flow measured by HADES
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• HADES studied p, d, t v2 systematically
• scales with A: coalescence? 
• …and it’s also negative

  p, d, t  v1, v2, v3, v4 

UrQMD prediction: P. Hillmann et al. J.Phys. G45 (2018) no.8, 085101 

High statistic multi-differential data
  

Comparison p,d,t at mid-rapidity 
  

Scaling of v2 and pt with A	

28	

Flow Anisotropies 

Out-of-plane v2 
 

•  Long spectator passing time 
 τpassing ≈ τexpansion 

 

•  Squeeze-out 
 

 

• Sign inversion of v2: will have to be described 
by any potential universal model

• Further work needed on both exp and theoryChlad, Thursday, 16:30

https://indico.cern.ch/event/755366/contributions/3357924/attachments/1861378/3059255/chlad_strangeness_flow_hades_auau_123.pdf


The outlook
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• Precision studies of LF and strangeness production mechanisms
• Bulk matter / soft physics and collectivity 
• How are nuclei produced? 
• Heavy flavor production and its relation to bulk
• Hadronic interactions, astrophysics and more
• The future



Open charm: D, B meson measurements in pp
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Heavy-flavour production in pp collisions
pp collisions as test for perturbative-QCD

Systematic comparison with several pQCD calculations with different schemes: agreement within uncertainties


D0 B+

JHEP12 (2017) 026

Do we understand the 
charm and beauty 
production mechanisms?

Ds

C.Terrevoli Open HF review6

Eur.Phys.J. C79 (2019) no.5, 388
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arxiv:1810.03022

Talks/Posters: 
D. Yang 
P. Dhanker 
M. Cai 
F. Gauger
F. Wang

• pp: fragmentation reference
• Plethora of open charm measurements 
• NLO description reasonable within uncertainties 
• Fundamental reference for QGP studies

Hadronisation in medium
Phase space at the hadronization is filled with partons
FSingle parton description may not be valid anymore
FNo need to create qq pairs via splitting / string breaking
FPartons that are “close” to each other in phase space (position 

and momentum) can simply recombine into hadrons

8

recombining partons
pM = pq1+pq2
pB = pq1+pq2+pq3

fragmenting parton
ph = z·pq with z<1

Recombination vs. fragmentation:
FCompeting mechanisms
FRecombination naturally enhances 

baryon/meson ratios at intermediate 
pT

	Greco et al., PRL 90 (2003) 202302
	 Fries et al., PRL 90 (2003) 202303
	Hwa, Yang, PRC 67 (2003) 034902

_

Rossi, Monday 16:30 Dhanker, Tuesday 17:30

Jaelani, Tuesday 16:10

https://indico.cern.ch/event/755366/contributions/3427012/attachments/1859305/3055534/HFQuarkonia_ALICE_Rossi_v1.pdf
https://indico.cern.ch/event/755366/contributions/3382544/attachments/1859546/3055621/OpenHF_ALICE_SQM2019_Preeti.pdf
https://indico.cern.ch/event/755366/contributions/3382545/attachments/1859345/3056389/SQM_2019_Bari_Syaefudin_Jaelani_v02.pdf


Open charm RAA
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• New results from ALICE and CMS quantify suppression: D0, D0 ← b
• Suppression similar at high pT, different at low pT: 

• RAA(π) < RAA(D) < RAA (B)
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• Bump at  low-pT: charm quarks gain collective motion in the 
medium evolution? 

• qualitatively described by models that include 

fragmentation+coalescence and hydrodynamic evolution  

D0

Charged particle

Non-strange D

• Similar suppression of D0 mesons, 
charged particles, D0-from B,  B 
mesons, J/! from B at high pT 

• Hint of mQ ordering from B w.r.t. D at 
low pT

Is there a flavour 
dependence? 

STAR: Phys. Rev. C 99, 034908 (2019)
ALICE: JHEP 03 (2016) 081

Ch. hadrons, D0, D0 from B,  
J/! from B, B+ 

π

arXiv:1810.11102v1

Open HF Nuclear Modification Factor RAA

C.Terrevoli Open HF review10

New 2018 Pb-Pb

New B decay: non-prompt D0• strong suppression in 0-10% A-A collisions 
•  similar RAA in STAR and ALICE

• Similar suppression of D-mesons and 
charged particles at high pT


• less suppression for D at low/intermediate pT

• Interplay of harder charm pT distributions 

and different fragmentation functions w.r.t. 
light quarks and gluons 

Hint of hierarchy observed ad low-pT RAA(π)<RAA(D)<RAA(B)
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Is there a flavour 
dependence? 

STAR: Phys. Rev. C 99, 034908 (2019)
ALICE: JHEP 03 (2016) 081
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Open HF Nuclear Modification Factor RAA

C.Terrevoli Open HF review10

New 2018 Pb-Pb

New B decay: non-prompt D0

strong suppression of high-pt yield. 
Color charge and mass 

dependence of RAA

• strong suppression in 0-10% A-A collisions 
•  similar RAA in STAR and ALICE

• Bump at  low-pT: charm quarks gain collective motion in the 
medium evolution? 

• qualitatively described by models that include 

fragmentation+coalescence and hydrodynamic evolution  

Talks:  
J. Vaněk 
S. Jaelani 
C Peng 
F. Wang

• Similar suppression of D0 mesons, 
charged particles, D0-from B,  B 
mesons, J/! from B at high pT 

• Hint of mQ ordering from B w.r.t. D at 
low pT

• Similar suppression of D-mesons and 
charged particles at high pT


• less suppression for D at low/intermediate pT

• Interplay of harder charm pT distributions 

and different fragmentation functions w.r.t. 
light quarks and gluons 

Hint of hierarchy observed ad low-pT RAA(π)<RAA(D)<RAA(B)

Wang, Tuesday 17:30

https://indico.cern.ch/event/755366/contributions/3382092/attachments/1859346/3055168/fqwang_SQM19.pdf


Charm RAA+ v2: towards transport coefficients
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• RAA + v2:  constrains models for the characterization of the charm (and 
beauty!) interaction with the medium: transport

RAA and v2  
Comparison with models

➡ Simultaneous description of RAA and v2   is challenging in the whole measured pT range!

➡ Experimental measurements start to provide constraint to the models for the characterization of 

the charm and beauty interaction with the medium

➡constraints on plasma transport parameters, such as the heavy-quark diffusion coefficient
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Jaelani, Tuesday 16:10

https://indico.cern.ch/event/755366/contributions/3382545/attachments/1859345/3056389/SQM_2019_Bari_Syaefudin_Jaelani_v02.pdf


D-tagged jets in ALICE and CMS
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D0-Jet RAA

CMS-PAS-HIN-18-007 

How is the jet structure and kinematics modified in the medium?  
Study in-medium color/mass dependent energy loss and modification of internal jet sub-structure with heavy-flavour jets 

• D-meson tagged jets RAA consistent with inclusive D-mesons

• Hint of larger suppression  for low pT D-jets than high pT charged jets

Slightly different radial distribution of D0 meson in jets in Pb-Pb 
with respect to  pp at low D0-meson pT: redistribution of the D0 
mesons with respect to the jet axis

Further Investigation 

with D-tagged jets

C.Terrevoli Open HF review12

Talks:  
A. Mohanty 
X Wang

D0-Jet RAA

CMS-PAS-HIN-18-007 

How is the jet structure and kinematics modified in the medium?  
Study in-medium color/mass dependent energy loss and modification of internal jet sub-structure with heavy-flavour jets 

• D-meson tagged jets RAA consistent with inclusive D-mesons

• Hint of larger suppression  for low pT D-jets than high pT charged jets

Slightly different radial distribution of D0 meson in jets in Pb-Pb 
with respect to  pp at low D0-meson pT: redistribution of the D0 
mesons with respect to the jet axis

Further Investigation 

with D-tagged jets

C.Terrevoli Open HF review12

Talks:  
A. Mohanty 
X Wang

• D-jets similarly modified compared to D mesons

• Radial distribution of the D0 mesons 
different in Pb-Pb if compared to pT: 

• pp more collimated? 

Analysis strategy

Antônio Silva 4

 D-mesons are used to tag jets coming from 
charm quark
• Good proxy for charm-quark production

 D-meson reconstructed through the hadronic 
decay
• Full reconstruction of the kinematics

 D-meson ”track” is used instead of the 
daughters

 

Momentum fraction

X

X
D

D daughters
Other particles

Mohanty, Thursday 16:50

https://indico.cern.ch/event/755366/contributions/3382543/


D0 meson elliptic flow using event shape engineering 
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C.Terrevoli Open HF review17

Event Shape Engineering with D-mesons
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v2 in classes of events 
selected in 30-50% with 
different initial geometrical 
shape eccentricity

20% smallest q2: 

 v2  reduced

20% largest q2: 

v2 increased

New 2018 Pb-Pb

Further investigate the dynamics of hq in the medium

Initial-condition fluctuations and event eccentricity: event-by-event variation of the flow coefficients at fixed centrality can be large 

2018 data improve 
measurement reported in 
JHEP1902 (2019) 150

‘reduced flow vector’ q2 to 
quantify the eccentricity of 
the event

Talk: 
S. Jaelani

D-meson v2 sensitive to event shape selection confirming a 
correlation with the collective expansion of the bulk matter 

• A selection on the the elliptic 
flow of charged hadrons 
leads to a bias in the D0 
meson elliptic flow: 
→Common mechanism

• Quantitative comparison to 
models provide further 
constraints!

Terrevoli, Thursday 10:00

https://indico.cern.ch/event/755366/contributions/3427767/attachments/1861291/3059088/SQM_HFreview.pdf


Baryon/meson in the charm sector: Λc/D0
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• Λc/D0 in pp: matched by improved CR in PYTHIA (but beware caveats)
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Hadronization in    
F. Prino review 

(Wed)

Charmed baryon: Λc/D0 

pp
pp vs Pb-Pb

If recombination is effective: Λc/D0  enhanced in AA relative to pp
Further 
Investigation: 

Charmed baryon 
hadronization

c
s

u

D0c

c

d

s

s

s

u

u

d Λc
s

New 2018 Pb-Pb

New

CMS pp, Pb-Pb

arXiv:1906.03322

• CMS: similar Λc/D0 in Pb-Pb and pp at high pT 
• CMS and ALICE agreement in pp and Pb-Pb (slightly 

different pT and centrality ranges)

ALICE: hint of larger Λc/D0 in Pb-
Pb w.r.t. to pp for 4 <pT< 6 GeV/c STAR shows higher value for Λc/D0 

~1 in Au-Au  at low pT (3-6 GeV/c)

Talks: 
C. Zampolli 
J. Vaněk 
R. Xiao

Prino, Wednesday 12:00

Xiao, Tuesday 14:20

Zampolli, Tuesday 15:20

https://indico.cern.ch/event/755366/contributions/3427222/attachments/1860516/3057516/fprino-Hadronization-SQM19.pdf
https://indico.cern.ch/event/755366/contributions/3381781/attachments/1859512/3056796/CMS_Lc.pdf
https://indico.cern.ch/event/755366/contributions/3396487/attachments/1859933/3056377/CZampolli_v7.pdf
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• Λc/D0 in pp: matched by improved CR in PYTHIA (but beware caveats)
• Λc/D0 in Pb-Pb: hint of increase at mid-pT? Reminiscent of Λ/K0

S? 
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different pT and centrality ranges)

ALICE: hint of larger Λc/D0 in Pb-
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https://indico.cern.ch/event/755366/contributions/3396487/attachments/1859933/3056377/CZampolli_v7.pdf
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Hadronization in    
F. Prino review 

(Wed)

• CMS: similar Λc/D0 in Pb-Pb and pp at high pT 
• CMS and ALICE agreement in pp and Pb-Pb 

(slightly different pT and centrality ranges)

Charmed baryon: Λc/D0 

pp
pp vs Pb-Pb

ALICE: hint of larger Λc/D0 in Pb-Pb 
w.r.t. to pp for 4 <pT< 6 GeV/c STAR shows higher value for Λc/D0 ~1 

in Au-Au  at low pT (3-6 GeV/c) 

If recombination is effective: Λc/D0  enhanced in AA relative to pp
Further 
Investigation: 

Charmed baryon 
hadronization

c
s

u

D0c

c

d

s

s

s

u

u

d Λc
s

New 2018 Pb-Pb

New

Λc/D0 in Pb-Pb  consistent with charm quark hadronization 
via coalescence and with Stat. Hadr. Model

arXiv:1906.03322

How do we interpret higher Λc/D0  ratio at RHIC 
than LHC? Smaller recombination probability 
due to different initial spectra shapes?

Talks: 
S. Plumari
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• Λc/D0 in pp: matched by improved CR in PYTHIA (but beware caveats)
• Λc/D0 in Pb-Pb: hint of increase at mid-pT? Reminiscent of Λ/K0

S? 
• Pb-Pb: coalescence+fragmentation or stat. hadr. Model

• Improved measurements needed to constrain models
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• CMS: similar Λc/D0 in Pb-Pb and pp at high pT 
• CMS and ALICE agreement in pp and Pb-Pb (slightly 

different pT and centrality ranges)

ALICE: hint of larger Λc/D0 in Pb-
Pb w.r.t. to pp for 4 <pT< 6 GeV/c STAR shows higher value for Λc/D0 

~1 in Au-Au  at low pT (3-6 GeV/c)

Talks: 
C. Zampolli 
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R. Xiao

Baryon/meson in the charm sector: Λc/D0

Prino, Wednesday 12:00

Xiao, Tuesday 14:20

Zampolli, Tuesday 15:20

https://indico.cern.ch/event/755366/contributions/3427222/attachments/1860516/3057516/fprino-Hadronization-SQM19.pdf
https://indico.cern.ch/event/755366/contributions/3381781/attachments/1859512/3056796/CMS_Lc.pdf
https://indico.cern.ch/event/755366/contributions/3396487/attachments/1859933/3056377/CZampolli_v7.pdf


Bottomonium: the ϒ family
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• RAA of ϒ(1S) > ϒ(2S) ϒ(3S): described by 
models with suppression and regeneration

AA

Bottomonium in AA

b(1S)

b(2S)

b(3S)

Three b states with 
different sensitivity 
to the medium

Strong centrality suppression for all b(nS) 
(factor ~2 for b(1S),  ~9 for b(2S))

• lower RAA values for excited states 
compatible with sequential suppression

• suppression of directly produced b(1S)? 
Feed down contribution ~ 30% 

• models (almost all including 
suppression and regeneration) fairly 
describe the data 

CMS, PLB 790 (2019) 270

limited recombination and no 
B feed-down (but large feed 
down from excited states)

interesting for sequential 
suppression studies

21Roberta Arnaldi SQM 2019                                        June 13th 2019 

CMS, PLB790(2019)270 Rapp, PRC96(2017)5,054901

AA

b(1S) elliptic flow
First measurement of b(1S) elliptic 
flow in AA, based on 2015+2018 
samples

• b(1S) v2 is consistent with zero 
over the full pT range, in 5-60% 
centrality

• v2 is compatible with the small 
values predicted by theory 
models including (TAMU) or not 
(KSU) a regeneration contribution

• J/\ v2 is 2.6V higher than the 
b(1S) one in 2<pT<5 GeV/c
Æ hint for a different production 

mechanisms in PbPb?

26Roberta Arnaldi SQM 2019                                        June 13th 2019 • But: flow compatible with zero?
• Future measurements will add precision!

Fasanella, Tuesday 17:30

https://indico.cern.ch/event/755366/contributions/3381783/attachments/1859356/3056348/FasanellaSQM2.pdf


The outlook
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• Precision studies of LF and strangeness production mechanisms
• Bulk matter / soft physics and collectivity 
• How are nuclei produced? 
• Heavy flavor production and its relation to bulk
• Hadronic interactions, astrophysics and more
• The future



Probing hadronic interactions via femtoscopy
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Strangeness in Quark Matter, Bari 2019

The ALICE Data Set
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Proton and Pion identification with TPC and TOF

Reconstruction of hyperons 
Λ→!"− (BR ~ 64%)

Ξ−→Λ "− (BR ~ 100%)

Datasets: 

• pp 7 TeV: 3.4·108 MB Events 
• pp 5 TeV: 10·108 MB Events
• pp 13 TeV: 15·108 MB Events
• p-Pb 5.02 TeV: 6.0·108 MB Events
• pp 13 TeV: 15·108 HM Events  (0-0.072% INEL)
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Strangeness in Quark Matter, Bari 2019

p      Correlations for p-Pb 5 TeV and pp 13TeV HM

 32

Coulomb-only excluded at 4-5      level

HAL-QCD Correlation is compatible with 
the data

ALICE Collaboration, arXiv:1904.12198 [nucl-ex]

B. Hohlweger (ALICE) WPCF19 slides

p

Strangeness in Quark Matter, Bari 2019

p       Interaction from LATTICE and ESC16 Model

 31

(Potential	from Hatsuda et	al.,	NPA967	(2017)	856,	PoS Lattice2016	(2017)	116)	
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Each Potential can be converted in a correlation function via CATS and the total 
correlation function can be estimated 
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B. Hohlweger (ALICE) WPCF19 slides

• Measurement of C(k*) correlation functions provides direct 
information about the interaction potential 

• Used for many particle species! Here: p-Ξ
• Attractive interaction

NEW

p-Ξ
Ξ

Strangeness in Quark Matter, Bari 2019

The Correlation Function

 8

Assumption of a ‘common’ source for the 
  pp, pΛ, pΞ, ΛΛ, pK+, pK-, p    and p    Correlation Function⌦

The pp correlation is used to constrain the source, since both Coulomb and 
Strong interactions are very well known 

The K+p correlation is used to cross-check the pp benchmark independently 
since also for this channel the Coulomb and Strong interactions are known

D. Mihaylov (ALICE) WPCF19 slides

C(k*)

Theory, Hatsuda: Tuesday 9:30
Theory, Talos:  Thursday 12:00

Experimental, Fabbietti: Tuesday 10:00
Vazquez Doce, poster

https://indico.cern.ch/event/755366/contributions/3427157/attachments/1859365/3055609/SQM19_hatusda_2019.6.11_web_v2.pdf
https://indico.cern.ch/event/755366/contributions/3428139/attachments/1859224/3059699/tolos_hyperons.pdf
https://indico.cern.ch/event/755366/contributions/3427161/attachments/1859367/3055644/SQM2019Fabbietti.pdf
https://indico.cern.ch/event/755366/contributions/3382515/attachments/1859238/3054960/SQM19_POSTER_pXi_pOmega_a0_3.pdf
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Strangeness in Quark Matter, Bari 2019

The ALICE Data Set
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p      Correlations for p-Pb 5 TeV and pp 13TeV HM
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HAL-QCD Correlation is compatible with 
the data

ALICE Collaboration, arXiv:1904.12198 [nucl-ex]
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B. Hohlweger (ALICE) WPCF19 slides

• More precise result just came out using high-multiplicity pp collisions
• Result important for neutron star EoS: 

• Favors hyperon presence → softens EoS

Strangeness in Quark Matter, Bari 2019

p      Correlations for p-Pb 5 TeV and pp 13TeV HM

 33

Coulomb-only excluded at 4-5      level

HAL-QCD Correlation is compatible 
with the data

ALICE Collaboration, arXiv:1904.12198 [nucl-ex]

Coulomb only:  > 5.7 σ

HAL-QCD Potential: (1.3-2.5) σ

ESC 16 Potential:  > 18 σ

Visit the Poster by O. Vazquez Doce Tonight 

Femtoscopic studies on proton-Ξ and proton-Ω correlations in p-Pb and pp collisions with ALICE

B. Hohlweger (ALICE) WPCF19 slides

NEW

p-Ξ

p

Ξ

Strangeness in Quark Matter, Bari 2019

The Correlation Function

 8

Assumption of a ‘common’ source for the 
  pp, pΛ, pΞ, ΛΛ, pK+, pK-, p    and p    Correlation Function⌦

The pp correlation is used to constrain the source, since both Coulomb and 
Strong interactions are very well known 

The K+p correlation is used to cross-check the pp benchmark independently 
since also for this channel the Coulomb and Strong interactions are known

D. Mihaylov (ALICE) WPCF19 slides

C(k*)

Theory, Hatsuda: Tuesday 9:30
Theory, Talos:  Thursday 12:00

Experimental, Fabbietti: Tuesday 10:00
Vazquez Doce, poster

https://indico.cern.ch/event/755366/contributions/3427157/attachments/1859365/3055609/SQM19_hatusda_2019.6.11_web_v2.pdf
https://indico.cern.ch/event/755366/contributions/3428139/attachments/1859224/3059699/tolos_hyperons.pdf
https://indico.cern.ch/event/755366/contributions/3427161/attachments/1859367/3055644/SQM2019Fabbietti.pdf
https://indico.cern.ch/event/755366/contributions/3382515/attachments/1859238/3054960/SQM19_POSTER_pXi_pOmega_a0_3.pdf


Probing hadronic interactions via femtoscopy

SQM2019 - Experimental Summary talk 42

Strangeness in Quark Matter, Bari 2019

The ALICE Data Set
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We measure pp, pΛ, ΛΛ, pΞ, pK, p    , p 

Proton and Pion identification with TPC and TOF

Reconstruction of hyperons 
Λ→!"− (BR ~ 64%)

Ξ−→Λ "− (BR ~ 100%)

Datasets: 

• pp 7 TeV: 3.4·108 MB Events 
• pp 5 TeV: 10·108 MB Events
• pp 13 TeV: 15·108 MB Events
• p-Pb 5.02 TeV: 6.0·108 MB Events
• pp 13 TeV: 15·108 HM Events  (0-0.072% INEL)

⌦

⌃0 ! ⇤+ � (BR ~100%)
Λ, Ξ, Ω, …
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p        Correlations for pp 13TeV HM

Evidence of an attractive strong interaction 

Strongly bound states? 

O. Vazquez Doce (ALICE) WPCF19 slides

Visit the Poster by O. Vazquez Doce Tonight 

Femtoscopic studies on proton-Ξ and proton-Ω correlations in p-Pb and pp collisions with ALICE

p-Ω

• Many other interactions can be probed: attractive 
potential for p-Ω

• And more: p-Pb centrality selection provides a handle 
on source size

p

Strangeness in Quark Matter, Bari 2019

The Correlation Function
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Assumption of a ‘common’ source for the 
  pp, pΛ, pΞ, ΛΛ, pK+, pK-, p    and p    Correlation Function⌦

The pp correlation is used to constrain the source, since both Coulomb and 
Strong interactions are very well known 

The K+p correlation is used to cross-check the pp benchmark independently 
since also for this channel the Coulomb and Strong interactions are known

D. Mihaylov (ALICE) WPCF19 slides

C(k*)

Theory, Hatsuda: Tuesday 9:30
Theory, Talos:  Thursday 12:00

Experimental, Fabbietti: Tuesday 10:00
Vazquez Doce, poster
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• Precision studies of LF and strangeness production mechanisms
• Bulk matter / soft physics and collectivity 
• How are nuclei produced? 
• Heavy flavor production and its relation to bulk
• Hadronic interactions, astrophysics and more
• The future



Coming up:
BM@N results: first results on strangeness out, more to come! 

HADES: FAIR-phase 0

SQM2019 - Experimental Summary talk 44

Fair Phase 0

Energy dependence of Λ hyperon yields 
in minimum bias C+C interactions 

M.Kapishin                                         BM@N  experiment  

Next plans: 
→  add results for semi-central C+A interactions  
 → add results for 3.5 and 4.5 AGeV Carbon beam data 

First results from BM@N on Λ:

  Ag+Ag √sNN= 2.6 GeV  

~ 15 billion events collected during March 2019 

Kapishin, Monday 11:30

Lorenz, Monday 11:00

https://indico.cern.ch/event/755366/contributions/3426998/attachments/1858604/3053721/Kapishin_BMN_SQM2019.pdf
https://indico.cern.ch/event/755366/contributions/3426997/attachments/1859152/3054806/lorenz_sqm19v1.pdf


Common themes and questions to answer…
a.k.a. a tentative SQM2021+ wishlist
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• Homing in on hadronization and production mechanisms 
• Light flavor: soft vs hard
• Heavy flavor: recombination vs fragmentation 
• Nuclei: thermal vs coalescence 

• Clarification / ruling out needed! 
• Energy scan and the phase transition

• More to come: critical point, fluctuations, BES
• System size scan: hydro-like behavior is established everywhere? 

• What does that mean? What about “fluctuations”? 
• better understanding of similarities (and differences!)

• Hadron interactions / femtoscopy
• More exciting opportunities using high energy collisions as factories



Common themes and questions to answer…
a.k.a. a tentative SQM2021+ wishlist
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• Homing in on hadronization and production mechanisms 
• Light flavor: soft vs hard
• Heavy flavor: recombination vs fragmentation 
• Nuclei: thermal vs coalescence 

• Clarification / ruling out needed! 
• Energy scan and the phase transition

• More to come: critical point, fluctuations, BES
• System size scan: hydro-like behavior is established everywhere? 

• What does that mean? What about “fluctuations”? 
• better understanding of similarities (and differences!)

• Hadron interactions / femtoscopy
• More exciting opportunities using high energy collisions as factories
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Quarkonia in PHENIX
Nuclear modification in p+Al, p+Au, 3He+Au
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Ø Big change in nuclear modification with 
nuclear target size

6/9/19M. Rosati – SQM2019 13

Ø Small change in nuclear modification when 
increasing projectile size

6/9/19M. Rosati – SQM2019 14

J/ψ modification factor also studied in geometry scan: 
• Changing projectile influences the modification very little
• Changing target produces most of the change



…and even beauty elliptic flow
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Beauty: also exhibits nonzero elliptic flow, though uncertainties are large at this point

…and beauty v2
➡Positive D v2 observed at RHIC and LHC

•     charm quarks largely thermalize in QGP until hadronization
•     much less known about beauty! 

• beauty v2 measured via electrons from HF hadron decays and non-prompt J/Ψ 

• Smaller v2 for beauty, as expected, but hint of v2>0 at low pT

• compatible v2 for non-prompt and prompt J/Ψ at high pT

v2 of b—>e, v2 of b,c—>ev2 of b—>e, v2 of charged hadrons

C.Terrevoli Open HF review15

First measurement at RHIC
First measurement at ALICE

in 1.3 < pT < 4 GeV/
c, v2 >0 with 3.5 σ

Eur. Phys. J. C 78 (2018) 784

recent publication

in 9 < pT < 11 GeV/c, 
v2 >0 with 1σ

Talks:  
M.Rosati  
E. Gauger 
M. Spousta

Which is the degree of 
thermalization of HQs 
in the medium? 

Do charm/beauty 
flow?


