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A Large Ion Collider Experiment

Outline

• Next generation of HI detector 

• Forward spectrometer with PID capabilities and re-purpose of 
existing ALICE detectors 

• Physics with next generation detector and forward PID detectors 

• Summary 
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Discrimer:
• This is just a rough idea on what we could do with next generation of HI detector. 
• Not yet validated via simulations if this idea works or not….
• There are many places that are completely wrong (conceptually and technically)…
• Measurement items still need to be considered. 
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A Large Ion Collider Experiment

Next generation of HI detector
• Next generation of HI detector 
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Compact & Multi-purpose detectors: 
• Covering |η|<4
• Tracking and Vertexing with MAPS silicon layers
• hadron PID by 20ps resolution of Si-based TOF (|η|<1.4)
• Photon and electron ID with pre-shower (W+Si) (|η|<1.4)
• High rate capability (x20-50 luminosity)



ALICE | FoCal Meeting | 09.03.2019 | T. Gunji

A Large Ion Collider Experiment

Next generation of HI detector
• Next generation of HI detector in L3 magnet
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～720 cm

  ～400 cm
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Next generation of HI detector
• Next generation of HI detector in L3 magnet
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central barrel

What we will be able do further in central 
barrel and forward/backward region?

Backward region
(C-side, η<0)

Forward region
(A-side, η>0)
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New Idea on forward spectrometer
• Using our dipole magnet in backward direction (C-side, η<0)

• Tracking and full PID capabilities covering 2<η<4.6

• Try to be compact(?) and cheap by re-purposing some parts of existing 
detectors (GEM-TPC, TRD, TOF, HMPID, PHOS, EMCal, MCH)
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Tracker 
RICH

FoCAL+EMCal
HCAL

TRD
TOF

Tracker
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Run3 Pb-Pb equivalent tests in 2018
• TRD, TOF, HMPID, PHOS, EMCal joined 50 kHz Pb-Pb equivalent tests in 2018    

(70 Hz/μb in pp → 4 MHz IR rate) 
• Fill 7264 (as one example) for 13h

• No major issues were found.  

• 6 TRD HV trips 

• 4 EMCal PAR failures 

• TOF LV failures 

• It is not still clear that they will survive at x20 larger luminosities…

• Following upgrades should be made to use them at forward rapidity.
• TRD:  wire → MPGD,  fine granularity pads, electronics (no pretrigger, continuous readout)

• TOF:  more fine granularity pads, electronics, continuous readout

• HMPID: wire → MPGD,  new radiators with smaller index (ex, aerogel + CF4 @ adjustable 
pressure. CF4 also acts as the gas for amplification.)

• PHOS+EMCal: electronics
!7
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Idea (I) 
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GEM or MMG 
tracker RICH

(HMPID?) 

ECAL(re-use?)
HCAL

GEM trackers
(re-use of TPC 
IROC+OROC)

Trackers 
(re-use of MCH 

or MTR?)

•All PID detectors are out of L3 magnet. 
• 3 radiators in RICH (ex, aerogel, C4F10, CF4) 
• ECAL is composed of W+Si (FoCAL), PbWO4 (PHOS),  PbSc (EMCal)

RICH
(HMPID?) 

Move dipole 
by 1m

TRD
(re-use?)
TOF
(re-use?)

~20m

~540cm
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Idea (II) 
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GEM or MMG 
tracker 

RICH
(HMPID, HBD?) 

ECAL
HCAL

GEM trackers
(re-purpose of TPC 

IROC+OROC)

TOF
(re-use)

TRD
(re-use)

•RICH + TRD are in L3 magnet. 
• 3 radiators in RICH (ex, aerogel, C4F10, CF4) 
• ECAL is composed of W+Si (FoCAL), PbWO4 (PHOS),  PbSc (EMCal)

~17m

Trackers 
(re-use of MCH 

or MTR?)
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Idea (III) 
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GEM or MMG 
tracker RICH

(HMPID, HBD?) 

HCAL

GEM trackers
(re-purpose of TPC 

IROC+OROC)
MCH/MTR 

trackers (re-use)

TOF
(re-use)

TRD
(re-use)

•TRD + ECAL + RICH are in L3 magnet. e/γ identification in L3
• 3 radiators in RICH (ex, aerogel, C4F10, CF4) 
• ECAL is composed of W+Si (FoCAL), PbWO4 (PHOS),  PbSc (EMCal)

ECAL

RICH

~18m



ALICE | FoCal Meeting | 09.03.2019 | T. Gunji

A Large Ion Collider Experiment

Particle density in Pb-Pb
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z=240cm (1st GEM tracker place)

assumption: dNch/dη (2<η<4.6) = 2000

4 /cm2 at η~4.
→ pad size should be 
     around 0.25 cm2.
     (~ similar size as IROC)

z=480cm (6th GEM tracker place, 
RICH, ECAL)

1 /cm2 at η~4.
→ 1 /pad if FoCAL pad is 1 cm2.   
     0.5 x 0.5 cm2 pad is feasible?

z=900cm (entrance of dipole)

0.3 /cm2 at η~4.
→ IROC pad size (0.3cm2) 
     is enough small.



ALICE | FoCal Meeting | 09.03.2019 | T. Gunji

A Large Ion Collider Experiment

GEM or MMG trackers
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• GEM or MMG trackers behind MAPS layers.  MPGD technologies are getting matured. 
• Pad size should be smaller than 0.25 cm2.  # of pads/plane = 125k  
• Rate capability:

• 4 /cm2 → If Pb-Pb becomes 1MHz (x20 larger than Run3+4),  flux reaches to 4 MHz/cm2.
• GEM and MMG are robust (no gain reduction) up to 10-100 MHz/cm2.

• Ultra-fast signals = trise(10-100ns) → Continues readout (of zero-suppressed data?)
• 125k x 40 MHz x 10 bit = 6.25 TB/s. CRU could do enough reduction of raw data.

• New GEM technology?
• Teflon-GEM (more robust against sparks) 
• 100 or 150um thick LCP-GEM → much safer operation than 50 um x 3 GEM stack 

2012.12.7-8 MPGD研究会 

16 2012 All rights reserved. © 
 

◆増幅率   26440倍＠ΔVGEM=730V 
    印加電圧 ΔVGEM＞700V @ 50μm厚 

◆放電 
特性試験中 のべ40000回以上の放電
を起こしているが、短絡に至らなかった。 

放電率とΔVGEMの関係 

増幅率とΔVGEMの関係 

4-1. 特性評価＠理研 

◇ 50μm厚LCP製GEM 
 
○ 50μm厚PTEF製GEM 
 
△  100μm厚LCP製GEM 
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•  Insulator: LCP (Liquid Cristal Polymer)  
–  Can be pierced easily than Kapton by dry etching.  
–  Less water absorption property 
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Figure 4.5: The VGEM dependence of the gain for the thick–GEM compared with the
standard–GEM in Ar(70%)/CO2(30%).

Gain Magnification
at 300 V/50 µm Ratio

150 µm–GEM 3.9 ×104 1.3 ×103

100 µm–GEM 1.0 ×103 3.6 ×102

Standard–GEM (50 µm) 30 1.0

Table 4.1: The comparison of the thick–GEMs with the standard–GEM in a value of the
gain and a magnification ratio to the standard–GEM at VGEM/50 µm = 300 V/50 µm.
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happened at low voltage 
• investigation is under way 

• LCP?  Overhung? 
• limit for charge density? 
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• limit for charge density? 
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RICH
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• 3 radiators are needed to perform PID over wide pT range.
•  Ex, LHCb uses aerogel (n=1.03), C4F10 (n=1.0014), CF4(n=1.0005)

• There are many types of RICH.
• Photon detection (mirror reflection + photon detector)
• DIRC (transport of reflected light in radiator + photon detector)
• Gaseous detector (conversion of photon on CsI coated plate) 

LHCb PANDA

ALICE

PHENIX
J-PARC E16
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Hadron PID with RICH and TRD
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• RICH

Cherenkov angle

P (GeV/c)

 π K
p

n=1.03

n=1.0014

n=1.0005

• TRD

Aerogel (n=1.03) 
C4F10 (n=1.0014)
CF4(n=1.0005)

pion, kaon, proton identification up to 100 GeV. Electron up to 100 GeV and 
high pT pion from 100 to 500 GeV.
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Hadron PID with RICH
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• Aerogel (n=1.03), C4F10 (n=1.0014), CF4(n=1.0005)

Single particle simulation:
flat pT and y from 
0<pT<10 GeV/c and 2<y<4.
σθ from LHCb.  

Pion Kaon Proton|nσπ|<3, nσk>2 |nσk|<3, nσπ<-2, nσK>2 |nσp|<3, nσK<-2

Aerogel
C4F10

CF4

Aerogel
C4F10

CF4

Aerogel
C4F10

CF4

n=1.03 n=1.0014 n=1.0005
σθ=2 mrad σθ=1.45 mrad σθ=0.58 mrad

Pion and Kaon identification up to 60 GeV    Proton identification up to 100 GeV
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PID capabilities 
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γ no-TRD & ECAL

0.5 ~500 GeV

　
e RICH & TRD & ECAL

60

　K

　π

　p

100

RICH

RICH

RICH

TRD & no-ECAL

* Additional PID based on TOF is possible.  For example, at z~18m and with Δt=50ps, 
π-K separation (3σ) for 0<p<7 GeV and K-p separation (3σ) for 0<p<12 GeV 

* PID capabilities based on RICH can be adjustable by adjusting gas pressure…

　µ Muon chamber (MCH & no-HCAL) 

TOF
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Acceptance 
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A Large Ion Collider Experiment

Physics with next generation detector and 
forward PID detectors 
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My personal shopping lists
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1. Detailed understanding of QGP properties:
• What are the properties of QGP at different length scales (macroscopic and microscopic 

properties) and their temperature dependence? 

• η/s, ζ/s, Ds, qhat, electric conductivity, plasma frequency, etc?  

• Transition to wQGP?

• Properties of QGP and evolution of system under strong magnetic field and vorticity?

Phys. Rev D. 96. 036009

S. A. Bass et al. QM2018 

 

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）

✓ BB wwkk uu

� bbgg << PPttSSUUMMDD

✓ CC

✓ bbgg << ((

� ccaahhii PPFF GGEESSUUMMDD

� AA oo QQLLII
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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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)�
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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 C.C90, 014909(2014) 

https://indico.cern.ch/event/656452/contributions/2871028/attachments/1650650/2639819/poster_jfpaquet_qm2018_lido.pdf
https://th.physik.uni-frankfurt.de/~endrodi/research_group.html
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2. Detailed understanding of the nature of cross-over transition (phase 
boundary)
• How the degree of freedom and chiral condensate change around phase boundary? 

• purely quark and gluon DOF? diquark or qqbar correlation?  quasi-particle states?           

• How they depend on the external magnetic fields?

JHEP09(2010)073 Nuclear Physics A 931 (2014) 867–871

Semi-QGP

7

0 < l < 1 even around ~2Tc.

It is necessary to consider effect 
of nontrivial l even in QGP phase.

(Semi-QGP)

Lattice QCD: A. Bazavov et 
al., PRD 80, 014504 (2009) 
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%252FJHEP09%25282010%2529073&v=4d1d85da
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3. What is the non-equilibrium dynamics to form QGP in HI collisions?
• anomalous viscosity in strong field? Mechanisms for hydrodynamization or thermalization? 

4. Critical phenomena (EM and color fields,  chiral magnetic effects, vorticity)

5. Exotica (di-baryon, X/Y/Z, tetra/penta quarks, meson molecule, NΩ, ΩΩ, etc)
• Internal structure from coalescence process or femtoscopy,  hyperon interaction and EoS

∇u/T

(η
∇
u)
/(s
T)

図 衝突粘性と異常粘性による応力テンソルの速度勾配依存性の模式図。衝突粘性による応力テンソルは直
線で示され、異常粘性による応力テンソルは曲線で示されている。三つの曲線は、それぞれ に
対応する（本文を参照のこと）。実線はそれぞれの速度勾配の大きさ の領域で主要な粘性（系の有効的
な粘性を定める粘性）を示す。

ここで、 は熱平衡分布である。縦方向への流れとして な流れ（ ）を仮
定する場合には、パートンの質量を無視すると、 と の間の関係式として以下の表式を得る。

ここで、 は以下のように定義される。

（ ）と（ ）を連立させることにより（（ ）では と置いた）、

を得る。
応力テンソル（正確には、ずれ応力テンソル）に対するずれ粘性の効果は に比例する。粒
子間の衝突による粘性の場合には、最低次では は定数であるので、応力テンソルは に比例す
る。一方、異常粘性（ ）は速度場の勾配が大きくなるにつれて小さくなるので、上で仮定した速度場
（ ）に対しては、応力テンソルは に比例することになる。この の への本
質的に非線形な依存性は、まさに「異常粘性」と呼ぶのに相応しい。
この衝突粘性と異常粘性による応力テンソルの速度場の勾配に対する依存性の違いを、図１に模式
的に示す。衝突粘性は勾配に依存しないため、勾配が非常に小さい場合には衝突粘性の方が小さくな
り、系の粘性は衝突粘性で決まることになるが、大きな勾配に対しては異常粘性の方が小さくなり、
系の粘性は異常粘性で決まることになる。この二つの場合が移り変わる点の具体的位置は定数 に依
存するが、（ ）式により、この点の位置は結合定数 が小さくなるにつれて図１において左方に移動
することがわかる。また、図１には、乱流的カラー場のエネルギー密度に関する式、
において、異なる を用いた時の（今までの表式は に対応する）定性的違いを示してある。最
後に、ずれ粘性に対するいわゆる （ ）限界、 の議論は、異常
粘性に対しては適用できないことに注意する。

M. Asakawa, 
PRL96 (2006) 
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RHIC results on flow

AdS/CFT duality and the sQGP

Ab initio perturbative approach
●Small eta/s in weak coupling
●Gluon saturation
● Initial particle production
● Initial state factorization
●Glasma instability

Summary

CERN

François Gelis – 2007 2èmes Rencontres QGP-France, Etretat, 2007 - p. 19

Small η/s in weak coupling ?
■ Consider now a region filled with such domains, with random
orientations for the magnetic field in each domain

◃ In such a medium, the mean free path of a particle of
energy Qs is of order Q−1

s , i.e. as low as permitted by the
uncertainty principle
◃ η/s must be close to the lower bound
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• Single particle measurements at forward rapidity

– Spectra and flow (vn) of PID hadrons, hyperons, HF mesons and 
baryons, Quarkonia, dileptons and photons  
– Full characterization of space-time evolution and QGP properties as 

a function of rapidity → different (T, μ)

Net proton dN/dy

PRL 102 (2009) 182301

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

η/s(T) via forward v2 and v3 measurements of charged hadrons (at RHIC)

Competitive to LHCb?
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• Single particle measurements at forward rapidity

– Direct flow of HFs (D and B) and charged PID hadrons over wide 
rapidity ranges. 
– New insights of dynamics in very early stage of collisions and inputs 

to magnetohydrodynamics

arXiv:1608.02231
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Fig. 1. (Color online.) Time dependence of B y and Ex fields for σel = 0.023 fm−1 in 
Pb + Pb collisions at √sNN = 2.76 TeV for b = 9.5 fm at x⊥ = 0. Upper panel: eB y
for different space rapidities η; Lower panel: time evolution of both the magnetic 
field eB y (black) and the electric field eEx (red) at forward rapidity η = 1.0.

η = 1.0. We note that for t < 1 fm/c there is a large difference be-
tween the B y and Ex , although they become equal at later time. 
We will see that this plays an important role in determining the 
sign and the size of v1.

The dynamics of the CQs, with charge q and momentum p, is 
governed by the Langevin equation in the presence of electromag-
netic field, given by

ẋ (t) = p
E

(7)

ṗ (t) = −#p (t) + F (t) + Fext (t) , (8)

where the first term represents the dissipative force and the sec-
ond term represents the fluctuating force F (t) regulated by the 
diffusion coefficient D . The third term in Eq. (8) represents the ex-
ternal Lorentz force due to the electric and magnetic fields. We 
study the evolution with a standard white noise ansatz for F (t), 
i.e ⟨F (t)⟩ = 0 and ⟨F (t) Ḟ

(
t′)⟩ = Dδ

(
t − t′). The ensemble ⟨...⟩ de-

notes the averaging of many trajectories for p each consisting of 
different realizations of F at each time step. To solve the Langevin 
equation for an expanding system one needs to move to the local 
rest frame of the background fluid [3,5], where an element moving 
with velocity v with respect to the laboratory frame will be sub-
jected to both E′ and B′ as determined by Lorentz transformations. 
The Fext in the fluid rest frame will be

Fext = qE′ + q
E p

(
p × B′) (9)

where E p =
√

p2 + M2 is the energy of the heavy quark with mo-
mentum p.

In Fig. 2 we show the resulting directed flow v1 as a function 
of the rapidity of charm black (solid line) and anti-charm quarks 

Fig. 2. (Color online.) Directed flow v1 as a function of the rapidity in Pb + Pb
collision at √sNN = 2.76 TeV for b = 9.5 fm for D meson [cq] at pT > 1 GeV black 
(solid) and anti-D meson [cq] (dashed) line at t = t f .o. (see text). Red dash–dot 
(blue dash–dot–dot) line indicates v1 of D meson at t = 2 fm/c (t = 5 fm/c).

(dashed line). We can see that there is a substantial v1 at finite 
rapidity with a peak at y ≃ 1.75. The flow is negative for positive 
charged particle (charm) at forward rapidity which means that the 
Hall drift induced by the magnetic field dominates over the dis-
placement caused by the Faraday current associated with the time 
dependence of the magnetic field. This is a non-trivial result and it 
is partially due to the fact that the formation time of CQs is very 
close to the time at which the magnetic field attains its maximum, 
causing a large drift due to Hall effect.

We have followed the dynamics up to t = 12 fm/c, but ob-
served that the directed flow saturates already at t ≃ 1–2 fm/c for 
|y| < 0.5–1, and at t ≃ 5 fm/c for |y| < 1.5 (Fig. 2). Therefore, the 
slope dv1/dy|y=0 ≃ −1.75 · 10−2 is determined in the very early 
stage of the collision t ! 1–2 fm/c. The time scale of the satura-
tion of v1 as a function of y follows the persistence of the B y and 
Ex fields with increasing η shown in Fig. 1 (upper panel). There-
fore, the v1, in particular its slope dv1/dy, is mostly formed in 
the very early stage and its sign and magnitude is essentially con-
trolled by the large value of B y for t ! 1.0 fm/c. The predicted 
value of v1(y) for D meson [cq] is quite large and the odd behav-
ior of D/D doubles the effect that can be measured. Also it would 
be a distinctive signal of the electromagnetic field, distinguishable 
from the v1(y) that can be generated by angular momentum con-
servation as studied in [55].

It is important to stress that a main feature of the CQs that 
turns out to favor the formation of a sizable directed flow is the 
relative large equilibration time w.r.t. light quarks. In fact, the re-
laxation time of CQs can be estimated as τ eq

c ≃ 1/# ≈ 5–8 fm/c
which is much larger than the light quark and gluon equilibration 
time, τ eq

Q G P ≈ 0.5–1 fm/c.
In Fig. 3 we show a study of the strong dependence of the 

transverse flow on the interaction strength given by the drag coef-
ficient # and plotted in term of the equilibration time defined as 
τeq = 1/#.

The strong dependence of v1 on # is evident from the vari-
ation of |dv1c/dy| with τeq as displayed in Fig. 3. The quantity, 
|dv1c/dy| for CQ with τ eq

c ≃ 1/# ≈ 5–8 fm/c is at least two orders 
of magnitude larger than the corresponding value for light quarks 
with τeq ∼ 0.6 fm/c [51]. This is due to the fact that the transverse 
kick exerted by the electromagnetic field during the time interval, 
τe.m. on the thermalized light quarks (unlike CQ which is out-of-
equilibrium) is damped by its random interaction in the medium 
with similar durability. However, the lowest points in Fig. 3 may 
not be taken as a realistic estimate for v1 of light quarks, because 
for that we have to keep in mind at least three other aspects: the 
dynamics of light quarks cannot be appropriately studied by us-
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netic field, given by
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(dashed line). We can see that there is a substantial v1 at finite 
rapidity with a peak at y ≃ 1.75. The flow is negative for positive 
charged particle (charm) at forward rapidity which means that the 
Hall drift induced by the magnetic field dominates over the dis-
placement caused by the Faraday current associated with the time 
dependence of the magnetic field. This is a non-trivial result and it 
is partially due to the fact that the formation time of CQs is very 
close to the time at which the magnetic field attains its maximum, 
causing a large drift due to Hall effect.

We have followed the dynamics up to t = 12 fm/c, but ob-
served that the directed flow saturates already at t ≃ 1–2 fm/c for 
|y| < 0.5–1, and at t ≃ 5 fm/c for |y| < 1.5 (Fig. 2). Therefore, the 
slope dv1/dy|y=0 ≃ −1.75 · 10−2 is determined in the very early 
stage of the collision t ! 1–2 fm/c. The time scale of the satura-
tion of v1 as a function of y follows the persistence of the B y and 
Ex fields with increasing η shown in Fig. 1 (upper panel). There-
fore, the v1, in particular its slope dv1/dy, is mostly formed in 
the very early stage and its sign and magnitude is essentially con-
trolled by the large value of B y for t ! 1.0 fm/c. The predicted 
value of v1(y) for D meson [cq] is quite large and the odd behav-
ior of D/D doubles the effect that can be measured. Also it would 
be a distinctive signal of the electromagnetic field, distinguishable 
from the v1(y) that can be generated by angular momentum con-
servation as studied in [55].

It is important to stress that a main feature of the CQs that 
turns out to favor the formation of a sizable directed flow is the 
relative large equilibration time w.r.t. light quarks. In fact, the re-
laxation time of CQs can be estimated as τ eq

c ≃ 1/# ≈ 5–8 fm/c
which is much larger than the light quark and gluon equilibration 
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In Fig. 3 we show a study of the strong dependence of the 

transverse flow on the interaction strength given by the drag coef-
ficient # and plotted in term of the equilibration time defined as 
τeq = 1/#.

The strong dependence of v1 on # is evident from the vari-
ation of |dv1c/dy| with τeq as displayed in Fig. 3. The quantity, 
|dv1c/dy| for CQ with τ eq

c ≃ 1/# ≈ 5–8 fm/c is at least two orders 
of magnitude larger than the corresponding value for light quarks 
with τeq ∼ 0.6 fm/c [51]. This is due to the fact that the transverse 
kick exerted by the electromagnetic field during the time interval, 
τe.m. on the thermalized light quarks (unlike CQ which is out-of-
equilibrium) is damped by its random interaction in the medium 
with similar durability. However, the lowest points in Fig. 3 may 
not be taken as a realistic estimate for v1 of light quarks, because 
for that we have to keep in mind at least three other aspects: the 
dynamics of light quarks cannot be appropriately studied by us-

D meson

Competitive to LHCb?

Pion

Proton

pT=0.25, 0.5, 1

pT=0.5, 1, 2

Phys. Rev. C 89, 054905 (2014)
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• Single particle measurements at forward rapidity

– Dilepton pair production at forward rapidity 
– Dynamics of very early stage of collisions toward 

hydrodynamization and thermalization (isotropization)

LO)Anisotropic)Dilepton)Rate)

8(M.(Strickland(

M.(MarRnez(and(MS,(0709.3576,(0805.4552((

dN l+l�

d4Xd4P
=

Z

p1,p2

fq(p1) fq̄(p2)vqq̄ �
l+l�

qq̄ �(4)(Pµ � pµ1 � pµ2 )

�l+l�

qq̄ =
4⇡

3

↵2

M2

✓
1 +

2m2
l

M2

◆✓
1� 4m2

l

M2

◆1/2

p1

p2

p3

p4
q

μ ν

fq(q̄)(p, ⇠,⇤) ⌘ f iso
q(q̄)(

p
p2 + ⇠(p · n̂)2,⇤)

1 2 3 4 5 6
-11.5

-11.0

-10.5

-10.0

-9.5

-9.0

-8.5

-8.0

MêL

lo
g 1

0Hd
R
êd4

PL

p¶ = 3 L
y = 0
x=-0.9

x=0

x=10

x=100

1 2 3 4 5 6
-11.5

-11.0

-10.5

-10.0

-9.5

-9.0

-8.5

-8.0

p¶êL

lo
g 1

0Hd
R
êd4

PL

M = 3 L
y = 0

x=-0.9

x=0

x=10

x=100

0 1 2 3 4 5 6
-300

-250

-200

-150

-100

-50

0

y

lo
g 1

0Hd
R
êd4

PL

p¶ = M = 3 L

x=-0.9x=0x=10x=100

R.(Ryblewski(and(M(Strickland,(arXiv:1505.04018((

Flow(is(taken(into(
account(by(boost(
from(LAB(to(LRF(ahydro: 1505.04018, Phys. Rev. D 92, 025026 (2015)

ε0 [GeV/fm3]



ALICE | FoCal Meeting | 09.03.2019 | T. Gunji

A Large Ion Collider Experiment

Topics with forward spectrometers

!25

• Particle correlations between central rapidity and forward rapidity.   
– Competi
– PID dependent flow factorization vs. Δη? Azimuthally differential 

and PID dependent femtoscopy/HBT with Δη?
–  Source of the de-correlation (initial or hydro fluctuation)

– PID dependent symmetric cumulant SC(n,m) with Δη?

A. Sakai, T. Hirano, NN2018

Nuclear Physics A 967 (2017) 59–66

Only ALICE can do!
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• Central barrel and forward spectrometer can cover wide rapidity coverage 
(mid-rapidity - backward rapidity: -4<η<0). 

• If there are no A+A collisions at RHIC after eRHIC is built, this fixed target 
experiment will be a unique place to cover √sNN ~ 70 GeV…
• Sweet spot around the phase boundary?

Target

η=4.3 at mid-rapidity

η=0
η=1 η=2 η=3
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• One idea beyond 2030 on building forward PID spectrometer.
• Using ALICE dipole magnet and covering 2<η<4.6 

• Re-purposing existing ALICE detectors as much as possible 

• IROC/OROC chambers, HMPID, TRD, TOF, EMCal, PHOS → they were working at 70Hz/μb in pp.

• Some modification will be needed (radiator, wire→MPGD, readout pads, front-end and back-end)

• Need to verify whether they will be able to run under x20-x50 higher A-A luminosities. 

• Physics goals:
• Full characterization of QGP properties (macroscopic snd microscopic properties) as a 

function of temperature and magnetic field 

• Microscopic properties of cross-over transition (ex, diquark correlation)

• Dynamics of very early stage of collisions and mechanisms of QGP formation 
(hydrohynamization, thermalization)

• Exotics 

• Some ideas on measurement items have to be considered.
• Spectra and flow (vn) of PID hadrons, HFs, photons and dileptons at forward rapidity 

• Correlation with central barrel Thanks to Andrea Dainese, Andrea Dubla, You Zhou,  Alexander Kalweit, et al. 
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What are the uncertainties of η/s
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• Initial state (CGC, Glauber, IP-Glasma, Trento, etc)

• Dynamics of pre-equilibrium (anisotropic hydro)

• Hydro fluctuation 

η/s = 0.16 (Glauber I.C.).

K. Murase, HIC
M. Singh, QM2018

A. Mazeliauskas, QM2018, 
M. Alqahtani, QM2018



ALICE | FoCal Meeting | 09.03.2019 | T. Gunji

A Large Ion Collider Experiment

Topics with forward spectrometers
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• Single particle measurements at forward rapidity

– Anti-proton, anti-nuclei, anti-hyperon at forward rapidity 
– understanding of secondary anti-proton production (background)  

in searches for anti-nuclei from primordial or dark matter origin 

Competitive to LHCb?
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Topics with forward spectrometers
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• Single particle measurements at forward rapidity
– Competitive to LHCb

– Spectra and flow (vn) of PID hadrons, hyperons, HF mesons and baryons, 
Quarkonia, dileptons and photons  
– (Ex) Full characterization of evolution and QGP properties as a 

function of rapidity → different (T, μ)
Phys.Rev.C75:054905,2007

BRAHMS
Au+Au at 200 GeV

PRL 102 (2009) 182301

Net proton dN/dy



ALICE | FoCal Meeting | 09.03.2019 | T. Gunji

A Large Ion Collider Experiment

3 major directions of HI physics 
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1. Properties of QGP at the highest collision energy 
• Precision measurements and development of analysis (bayesian analysis)

2. QGP formation in small systems
• Source of collectivity (initial or final state effects)? Onset?

3. QCD phase diagram at high density
• Critical point, 1st phase transition, QGP properties at high density


