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OUR (MY) GOAL…
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Understanding of QCD phase diagram, phase transition, properties of QGP 
at various conditions (T, μ, B, etc) and emergence from fundamental 
interactions in QCD
→ We have many progress for many years. However, we know only a little 
of them… LLNL-JRNL-749012

G. Baym, T. Hatsuda, T. Kojo, 
P. D. Powell, Y. Song, T. Takatsuka



SPACE-TIME EVOLUTION 

Understanding of space-time evolution is crucial to study the properties of QGP.

Models to describe space-time evolution (= Our Standard Model) are needed.  

Very challenging and interesting! Related to QCD non-equilibrium and non-perturbative physics.

Paul Sorensen



INITIAL CONDITIONS
Initial conditions

Models: MC-Glauber, MC-KLN, IP-Glasma, EKRT, TRENTO,,,,,
Importance of various fluctuations ((sub-)nucleon, gluon/color, etc)

 4
• It is crucial to understand I.C. to extract η/s and ζ/s. 

η/s = 0.1(IP-Glasma) - 0.2 (EKRT) 

PRC.93.024907



Initial conditions
Models: MC-Glauber, MC-KLN, IP-Glasma, EKRT, TRENTO,,,,,
Importance of various fluctuations ((sub-)nucleon, gluon/color, etc)

INITIAL CONDITIONS

 5

• Bayesian analysis by S. Bass et al shows EKRT/IP-Glasma like I.C. is favored. 
• Glauber and KLN are really excluded?  

NPA 967 (2017) 67–73
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TA(x, y) =
Npart,AP
i=1

�iTp(x � xi, y � yi)
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Gaussian nucleon thickness:

Tp(x, y) = 1
2⇡w2 e�(x2+y2)/(2w2)



Initial conditions
Models: MC-Glauber, MC-KLN, IP-Glasma, EKRT, TRENTO,,,,,
Importance of various fluctuations ((sub-)nucleon, gluon/color, etc)

INITIAL CONDITIONS

 6We saw some hints at RHIC forward rapidities (and at HERA (γ+p → J/Ψ)).

Any direct hints on I. C. from experiments?



Initial conditions
Models: MC-Glauber, MC-KLN, IP-Glasma, EKRT, TRENTO,,,,,
Importance of various fluctuations ((sub-)nucleon, gluon/color, etc)

INITIAL CONDITIONS
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Eur. Phys .J. C78 (2018) 624 arXiv:1904.06272 

Effects of nPDF or CGC are visible but both are consistent with data within the uncertainties.
More measurements from forward rapidities,  photons,  γp/γA collisions

D0 meson, LHCb
JHEP 1710 (2017) 090

Any direct hints on I. C. from experiments?

https://link.springer.com/article/10.1140/epjc/s10052-018-6013-8


VERY EARLY STAGE
Thermalization mechanism

Instability (source?) and rapid thermalization?
Dynamical Models: anisotropic hydro? Core-Corona? 

 8

Conclusions and outlook
• Anisotropic hydrodynamics takes into account momentum-space anisotropies of the QGP from the 

beginning.

• Quasiparticle anisotropic hydrodynamics more self-consistently treats the non-conformality of the QGP than 
prior approaches.

• Using aHydroQP, we were able to fit both ALICE 2.76 TeV Pb-Pb and RHIC 200 GeV Au-Au (preliminary results) 
collisions quite well.

• Our model predicts for ALICE experiments
!
" = $. &'(, )$ =600 MeV at *0=0.25 fm/c, ,-.=130 MeV.

• However, for RHIC experiments 
!
" = $. &/', )$ = 0'' MeV at *0=0.25 fm/c, ,-.=130 MeV.

• The peak value of 1/3~0.05which is smaller than what other viscous studies (arXiv:1502.01675) found ~0.3
at LHC energies (2.76 TeV).

• Looking to future, we are working on improving our code in many ways
Ø Going from LO aHydro to NLO aHydro. 
Ø Including fluctuating initial conditions.
Ø Including temperature dependence of 78
Ø Realistic collisional kernels instead of relaxation time approximation (RTA).
Ø Including elastic hadronic collisions using some available codes on the market like URQMD or SMASH.
Ø Including finite chemical potential which is important for RHIC lower energies.

19
Glauber I.C.

A. Mazeliauskas, QM2018, 
M. Alqahtani, QM2018

arXiv:1705.10191



VERY EARLY STAGE
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• Most difficult part of HI physics(but surely interesting!).
• How to access and probe pre-thermalization stage experimentally? 

Kanakubo, SQM2019

Thermalization mechanism
Instability (source?) and rapid thermalization?
Dynamical Models: anisotropic hydro? Core-Corona? 



VERY EARLY STAGE
Strong EM field and its evolution?

 10

• HQ v1 is sensitive to the EM field in very early stage of collisions (and σel)
• Large v1 (compared to hadrons, k(10-4)) gives some hints for relativistic magnet+fluctuating 

hydro and dynamics of early stage? 

Gabriele Coci, QM18

arXiv:1608.02231

τccbar

τ0



HYDRO EVOLUTION 
Hydrodynamics 

Fluctuating hydrodynamics
Higher order dissipative corrections
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Many development over the decades (ideal → viscous → fluctuating hydrodynamics → ???)
What are next steps in the current fluctuating hydrodynamics?
What we have to measure towards more reliable hydrodynamical models?

A. Sakai, NN2018

M. Singh, QM2018

Formal development – Hydrodynamic fluctuations

• Hydro fluctuations can be included by introducing a stochastic term.

Tµ⌫ = euµu⌫
� (P +⇧)�µ⌫ + ⇡µ⌫ + Sµ⌫ ,

hSµ⌫
i = 0, hSµ⌫(x)S↵�(x0)i ⇠ 2T⌘�(x� x0) + bulk visc.

| {z }
fluctuation-dissipation

Landau and Lifshitz; Kapusta, Muller and Stephanov PRC85(2012)

• Hydro fluctuations are conceptually significant !

Gxy,xy
R (!) ⇠ P| {z }

ideal+noise

�i!⌘| {z }
1st order+noise

+O(!3/2)
| {z }

noise

+⌘⌧⇡!
2

| {z }
2nd order

, talk by Y. Akamatsu

P.Kovtun et al. PRD84(2011), 025006

12/21



TRANSPORT 
PROPERTIES 

EoS, viscosity/entropy, diffusion constant 
Recent development based on Bayesian analyses 
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• Properties around Tc are relatively determined very well.  
• What should we measure to access the properties at 

higher temperature?  

arXiv:1704.07800

Paquet, QM2018

Pratt et al,2015



OTHER PROPERTIES 
How about other properties?

Conductivity, correlation length, susceptibility, 
plasma frequency, degree of freedom

Nature of QCD phase transition?

 13

• We only know some of the bulk properties (η/s, ζ/s, Ds…) 
• How about other properties and what are the microscopic 

(short length) nature of the QGP?
• How to access those information experimentally? 

JHEP09(2010)073

Jet quenching 3

ment non-perturbatively into a set of final-state hadrons. The characteristic colli-
mated spray of hadrons resulting from the fragmentation of an outgoing parton is
called a “jet”.

Fig. 2. “Jet quenching” in a head-on nucleus-nucleus collision. Two quarks suffer a hard scat-
tering: one goes out directly to the vacuum, radiates a few gluons and hadronises, the other
goes through the dense plasma created (characterised by transport coefficient q̂, gluon density
dNg/dy and temperature T ), suffers energy loss due to medium-induced gluonstrahlung and
finally fragments outside into a (quenched) jet.

One of the first proposed “smoking guns” of QGP formation was “jet quench-
ing” [6] i.e. the attenuation or disappearance of the spray of hadrons resulting from
the fragmentation of a parton having suffered energy loss in the dense plasma pro-
duced in the reaction (Fig. 2). The energy lost by a particle in a medium, &E , pro-
vides fundamental information on its properties. In a general way, &E depends both
on the characteristics of the particle traversing it (energy E , mass m, and charge) and
on the plasma properties (temperature T , particle-medium interaction coupling1 ',
and thickness L), i.e. &E(E,m,T,',L). The following (closely related) variables are
extremely useful to characterise the interactions of a particle inside a medium:

• the mean free path ( = 1/()*), where ) is the medium density () # T 3 for an
ideal gas) and * the integrated cross section of the particle-medium interaction2,

• the opacity N = L/( or number of scatterings experienced by the particle in a
medium of thickness L,

• theDebye mass mD(T )∼ gT (where g is the coupling parameter) is the inverse of
the screening length of the (chromo)electric fields in the plasma.mD characterises
the typical momentum exchanges with the medium and also gives the order of
the “thermal masses” of the plasma constituents,

• the transport coefficient q̂≡m2D/( encodes the “scattering power” of the medium
through the average transverse momentum squared transferred to the traversing
particle per unit path-length. q̂ combines both thermodynamical (mD,)) and dy-
namical (*) properties of the medium [7, 8, 9]:

q̂ ≡ m2D/( = m2D ) * . (2)

1 The QED and QCD coupling “constants” are 'em = e2/(4+) and 's = g2/(4+) respectively.
2 One has (∼ ('T )−1 since the QED,QCD screened Coulomb scatterings are *el # '/T 2.

（１）ジェットクエンチング　（パートンのQGP中でのエネルギー損失）

✓ BBAwwkk���{Puu}

� �Zbbgg\<<��LPPttSSUUMMDD

✓ CCA��]Y`aP~|

✓ Zbbgg\<<�|>��(#�((/
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� AA�����P�ooPQQLLII
pedestal and flow 
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Fig. 15. Invariant +0 yields measured by PHENIX in peripheral (left) and central (right)
AuAu collisions (squares) [89], compared to the (TAA-scaled) pp→ +0+X cross section (cir-
cles) [134] and to a NLO pQCD calculation (curves and yellow band) [119].
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Fig. 16. RAA(pT ) measured in central AuAu at 200 GeV for +0 [89] and . [135] mesons,
charged hadrons [114], and direct photons [136, 137] compared to theoretical predictions for
parton energy loss in a dense medium with dNg/dy= 1400 (yellow curve) [138].

top RHIC energies is very close to the “participant scaling”, (Npart/2)/Ncoll ≈ 0.17,
expected in the strong quenching limit where only hadrons coming from partons
produced at the surface of the medium show no final-state modifications in their
spectra [141]. From the RAA one can approximately obtain the fraction of energy
lost, !loss = &pT/pT , via

!loss ≈ 1−R1/(n−2)
AA , (36)

when the AuAu and pp invariant spectra are both a power-law with exponent n, i.e.
1/pT dN/dpT # p−nT [142]. At RHIC (n≈ 8, RAA ≈ 0.2), one finds !loss ≈ 0.2.

The high-pT AuAu suppression can be well reproduced by parton energy loss
models that assume the formation of a very dense system with initial gluon ra-
pidity densities dNg/dy ≈ 1400 (yellow line in Fig. 16) [138], transport coeffi-
cients ⟨q̂⟩ ≈ 13 GeV2/fm (red line in Fig. 17, left) [78], or plasma temperatures

RAA =
”hot/dense QCDmedium”

”QCD vacuum”
=

dnAA/dpTdy

�Nbinary� · dnpp/dpTdy

現状:QGP生成と物性研究 
•  RHIC + LHC ! 物性の定量化 

–  ジェット・高横運動量ハドロンの収量抑制 
•  パートンのエネルギー損失 

–  阻止能 
•  q ~ 1.2 GeV2/fm (RHIC, T=370MeV) 
•  q ~ 1.9 GeV2/fm (LHC, T=470MeV) 
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where � = g
2

SYM
Nc is the ’t Hooft coupling. To compare

the SYM results to the extracted values of q̂, one should
take into account the di↵erent number of degrees of free-
dom in Nc = 3 SYM and 3 flavor QCD. Since q̂ is approx-
imately proportional to the local entropy density (local
gluon number density), one can match the corresponding
entropy density to obtain 3T 3

SYM
⇡ T

3. With a range of
fixed values of ↵s = 0.22� 0.31 from CUJET, MARTINI
and McGill-AMY fits, q̂LO

SYM
⇡ 7.2 � 8.6 is significantly

above the range of q̂ values in Fig. 10 from model fits to
the experimental data on nuclear modification factors at
RHIC and LHC.

Next to leading order (NLO) corrections to the above
LO result [100] due to world sheet fluctuations suggests,

q̂
NLO

SYM
= q̂

LO

SYM

✓
1�

1.97
p
�

◆
. (23)

One then gets

q̂
NLO

SYM

T 3
⇡ 2.27� 3.64 for ↵SYM = 0.22� 0.31,

which falls within the range of q̂ extracted from experi-
mental data on RAA in Fig. 10.

Other corrections of O(1/Nc) and higher orders in
1/

p
� are also expected [101–103]. For example, part

of the next-next-to-next leading order (NNNLO) correc-
tions [104] �1.7552/�3/2 is only about 5% of the LO
result. Other corrections at next-to-next leading order
(NNLO) correction /⇠ 1/� are as yet undetermined.

VIII. CONCLUSIONS AND OUTLOOK

We have carried out a survey study on the jet trans-
port parameter extracted or calculated from five dif-
ferent approaches to the parton energy loss in a dense
medium whose parameters are constrained by the ex-
perimental data on suppression factors of large trans-
verse momentum hadron spectra in high-energy heavy-
ion collisions at both RHIC and LHC. We find that new
data from the LHC, combined with data from RHIC
and advances in our understudying and modeling of jet
quenching and bulk evolution, provide much improved
constraints on parton energy models. Compared to ear-
lier e↵orts [58, 59], our present study significantly nar-
rows down the variation of q̂ extracted from di↵erent jet
quenching models and model implementations. The ex-
tracted value is surprisingly consistent with both pQCD
and NLO AdS/CFT SYM results. The large range of pT
covered by experimental data and the higher tempera-
tures reached in the center of heavy-ion collisions at the
LHC also allowed a first investigation of the jet energy
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FIG. 11. (Color online) Values of scaled jet transport pa-
rameter q̂/T 3 for an initial quark jet with energy E = 10
GeV at the center of the most central A+A collisions at an
initial time ⌧0 = 0.6 fm/c constrained by experimental data
on hadron suppression factor RAA at both RHIC and LHC.
The dashed boxes indicate expected values in A+A collisions
at

p
s = 0.063, 0.130 and 5.5 TeV/n, assuming the initial en-

tropy is proportional to the final measured charged hadron ra-
pidity density [85]. The triangle indicates the value of q̂N/T 3

e↵

in cold nuclei from DIS experiments. Values of q̂NLO

SYM/T 3 from
NLO SYM theory are indicated by two arrows on the right
axis.

and temperature dependence of the jet transport coe�-
cient.

This is only a first step toward a systematic study
of medium properties with hard probes constrained by
the experimental data on a wide variety of observables
that should include dihadron and gamma-hadron corre-
lations, single jets, dijets and gamma-jets suppressions,
azimuthal asymmetries, modification of jet profile and
jet fragmentation functions. All of these studies should
be carried out within a realistic model for jet quenching,
hadronization and bulk evolution that is also constrained
by experimental data on bulk hadron spectra. This will
require a full Monte Carlo simulation of the evolving jet
shower in the expanding medium. With future preci-
sion and complementary complementary high statistics
data from RHIC and LHC and theoretical advances in jet
quenching and modeling of bulk evolution, it should be
possible to further reduce the uncertainties in the deter-
mination of the jet transport parameters and to achieve a
truly quantitative understanding of the QGP properties
in high-energy heavy-ion collisions.

In Fig. 11, we summarize our current results and in-

M.+Burke+et+al.++
Phys.+Rev.+C+90,+014909+(2014)�

Jet quenching 3

ment non-perturbatively into a set of final-state hadrons. The characteristic colli-
mated spray of hadrons resulting from the fragmentation of an outgoing parton is
called a “jet”.

Fig. 2. “Jet quenching” in a head-on nucleus-nucleus collision. Two quarks suffer a hard scat-
tering: one goes out directly to the vacuum, radiates a few gluons and hadronises, the other
goes through the dense plasma created (characterised by transport coefficient q̂, gluon density
dNg/dy and temperature T ), suffers energy loss due to medium-induced gluonstrahlung and
finally fragments outside into a (quenched) jet.

One of the first proposed “smoking guns” of QGP formation was “jet quench-
ing” [6] i.e. the attenuation or disappearance of the spray of hadrons resulting from
the fragmentation of a parton having suffered energy loss in the dense plasma pro-
duced in the reaction (Fig. 2). The energy lost by a particle in a medium, &E , pro-
vides fundamental information on its properties. In a general way, &E depends both
on the characteristics of the particle traversing it (energy E , mass m, and charge) and
on the plasma properties (temperature T , particle-medium interaction coupling1 ',
and thickness L), i.e. &E(E,m,T,',L). The following (closely related) variables are
extremely useful to characterise the interactions of a particle inside a medium:

• the mean free path ( = 1/()*), where ) is the medium density () # T 3 for an
ideal gas) and * the integrated cross section of the particle-medium interaction2,

• the opacity N = L/( or number of scatterings experienced by the particle in a
medium of thickness L,

• theDebye mass mD(T )∼ gT (where g is the coupling parameter) is the inverse of
the screening length of the (chromo)electric fields in the plasma.mD characterises
the typical momentum exchanges with the medium and also gives the order of
the “thermal masses” of the plasma constituents,

• the transport coefficient q̂≡m2D/( encodes the “scattering power” of the medium
through the average transverse momentum squared transferred to the traversing
particle per unit path-length. q̂ combines both thermodynamical (mD,)) and dy-
namical (*) properties of the medium [7, 8, 9]:

q̂ ≡ m2D/( = m2D ) * . (2)

1 The QED and QCD coupling “constants” are 'em = e2/(4+) and 's = g2/(4+) respectively.
2 One has (∼ ('T )−1 since the QED,QCD screened Coulomb scatterings are *el # '/T 2.

（１）ジェットクエンチング　（パートンのQGP中でのエネルギー損失）
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Fig. 15. Invariant +0 yields measured by PHENIX in peripheral (left) and central (right)
AuAu collisions (squares) [89], compared to the (TAA-scaled) pp→ +0+X cross section (cir-
cles) [134] and to a NLO pQCD calculation (curves and yellow band) [119].
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Fig. 16. RAA(pT ) measured in central AuAu at 200 GeV for +0 [89] and . [135] mesons,
charged hadrons [114], and direct photons [136, 137] compared to theoretical predictions for
parton energy loss in a dense medium with dNg/dy= 1400 (yellow curve) [138].

top RHIC energies is very close to the “participant scaling”, (Npart/2)/Ncoll ≈ 0.17,
expected in the strong quenching limit where only hadrons coming from partons
produced at the surface of the medium show no final-state modifications in their
spectra [141]. From the RAA one can approximately obtain the fraction of energy
lost, !loss = &pT/pT , via

!loss ≈ 1−R1/(n−2)
AA , (36)

when the AuAu and pp invariant spectra are both a power-law with exponent n, i.e.
1/pT dN/dpT # p−nT [142]. At RHIC (n≈ 8, RAA ≈ 0.2), one finds !loss ≈ 0.2.

The high-pT AuAu suppression can be well reproduced by parton energy loss
models that assume the formation of a very dense system with initial gluon ra-
pidity densities dNg/dy ≈ 1400 (yellow line in Fig. 16) [138], transport coeffi-
cients ⟨q̂⟩ ≈ 13 GeV2/fm (red line in Fig. 17, left) [78], or plasma temperatures

RAA =
”hot/dense QCDmedium”

”QCD vacuum”
=

dnAA/dpTdy

�Nbinary� · dnpp/dpTdy

Phys. Rev D. 96. 036009

Phys. .Rev C.C90, 014909(2014) 

Hidaka, 2015

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%252FJHEP09%25282010%2529073&v=4d1d85da


MY PERSONAL SHOPPING LISTS 

1. Fixing Initial conditions

2. Detecting EM fields and detecting something related to the 
dynamics in pre-thermalization (very early stage of collisions)

3. Probing medium properties at high temperature regime

4. Studying other properties, especially microscopic properties

5. Detecting something related to the QCD phase transition 

6. (Moving to the studies of high dense QCD matters - Quarkyonic 
and color superconductivity)
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LONG TERM PLAN OF HI 
EXPERIMENTS
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ALICE upgrade 
(ITS2, TPC, MFT, O2)

10 nb-1 and 3 nb-1 (low-B) of Pb-Pb collisions 

ALICE upgrade
(ITS3?, FoCAL???)

New ALICE
Detectors 

FAIR-CBM

sPHENIX

STAR STAR

BES-II √sNN = 200 GeV



ALICE UPGRADE DURING LS2

 16x100 data taking capabilities after LS2 upgrade
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arXiv:1812.06772

ALICE UPGRADE DURING LS2

• Yellow Report that summarizes 
future prospects in Run3+4 (<2030):

• Light flavor and Nuclei 

• Flow & correlations 

• Open heavy flavor
• Jets and Parton energy loss

• Quarkonia 
• EM Radiation 
• Small systems and UPC



HEAVY FLAVOR
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• First low pT beauty 
measurements in ALICE

• Better constraint of 
diffusion constant at higher 
temperature 

•Better v1  measurements 



HEAVY FLAVOR
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• First measurement of low pT charm and beauty baryons (Λc, Λb, Ξc)
• Yield depends on di-quark correlation (→ effective degree of freedom, 

chiral symmetry restoration) in the QGP
• Other baryon states(Ωc, Ξb, Ωb), double charm baryons(Ξcc, Ωcc), exotic charm 

baryons(XYZ) will be the scope beyond 2030…



QUARKONIA
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• Precise Y measurements and J/ψ v2:
• Better understanding on correlation length of 

the QGP (→microscopic properties)
• Better understanding of charm dynamics in 

QGP



DILEPTON
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• First measurement of precise dielectron and dimuon measurements 
• Line shape of LVM → chiral symmetry restoration? 
• Thermal dielectrons → yield and v2 gives temperature dependent medium 

properties directly 
• Low energy (pT) dielectrons → electric conductivity  

• Still qualitative level in Run3+Run4.  Quantitative studies beyond 2030? 



ALICE BEYOND 2030
ALICE is now thinking further upgrade beyond 2030

Compact detectors all made of Silicon Technologies 
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arXiv:1902.01211



ALICE BEYOND 2030
ALICE is now thinking further upgrade beyond 2030

Compact detectors all made of Silicon Technologies 
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There are many empty spaces 
in L3 magnet.

What we should 
measure beyond 2030?

Which detectors we 
should install and where? 



ALICE BEYOND 2030
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Discussion:  What we really should measure? 

•Precision Studies of  Heavy Flavor Baryons 
• Precision measurements of Λc, Λb, Ξc, Ξb, Ωc, Ωb,,,,
• Multi Heavy Flavor baryons (Ξcc, Ωcc, Ωccc) 
• Exotic hadrons (X, Y, Z, Pc, )

→ di-quark correlations & di-quark mass = effective 
degree of freedom, chiral symmetry restoration

• v1 of HF hadrons (c and b) over wide rapidity ranges
→ understanding of early stage of dynamics and evolution 
of EM fields and conductivity 



ALICE BEYOND 2030
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Discussion:  What we really should measure? 

•Flow of PID hadrons and HFers over wide rapidity ranges 
(and down to zero pT for B) 

•Flow factorization over wide rapidity ranges 
•PID dependence?

→ understanding of  η/s(T) and hydro fluctuations 

Phys. Rev. Lett. 116, 
212301 (2016)



ALICE BEYOND 2030
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Discussion:  What we really should measure? 
•Precision measurements of Quarkonia 

•  χc0, χc1, χc2, χb1, χb2, …

•Precision measurements of dileptons and photons over 
wide range 
• Emission from partonic phases
• Some hints of pre-thermalzation stage (quark distribution functions) 
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ALICE BEYOND 2030
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Discussion:  What we really should measure? 

Targe

η=4.3 at mid-rapidity

η=0
η=1 η=2 η=3

• Fixed target experiment: 
• This fixed target will be a unique place to cover √sNN ~ 70 GeV beyond 2030…

• LHCb like PID detectors in forward region 

• Forward PID vn, heavy flavors, thermal and high M/pT dileptons, 



FUTURE CIRCULAR COLLIDER

FCC: 100km accelerator after LHC

FCC-hh : 2045 as earliest.  Lumi ~ x10 LHC
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arXiv:1605.01389

Some interesting observables:
Thermal photons and dileptons 

Thermal charm production

Y(1S) regeneration

Boosted top quark energy loss 

Gluon saturation 



SUMMARY
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Many developments, improvements, and progress in heavy-ion 
physics

But still there are many things to understand.

Initial conditions, pre-thermalization, EM fields, medium 
properties at high temperature, micro-scopic properties, QCD 
phase transition…

ALICE upgrade in LS2, Future ALICE upgrade beyond 2030, and FCC

Any feedbacks from theorists are very welcome. 

What do you want us to measure? 

For me, dilepton, heavy flavors, and quarkonia are of special 
interests…


