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Abstract

The past decade has seen huge advances in experimental measurements made in heavy
ion collisions at the Relativistic Heavy lon Collider (RHIC) and more recently at the Large
Hadron Collider (LHC). These new data, in combination with theoretical advances from
calculations made in a variety of frameworks, have led to a broad and deep knowledge of the
properties of thermal QCD matter. Increasingly quantitative descriptions of the quark-gluon
plasma (QGP) created in these collisions have established that the QGP is a strongly
coupled liquid with the lowest value of specific viscosity ever measured. However, much
remains to be learned about the precise nature of the initial state from which this liquid
forms, how its properties vary across its phase diagram and how, at a microscopic level, the
collective properties of this liquid emerge from the interactions among the individual quarks
and gluons that must be visible if the liquid is probed with sufficiently high resolution. This
white paper, prepared by the Hot QCD Writing Group as part of the U.S. Long Range Plan
for Nuclear Physics, reviews the recent progress in the field of hot QCD and outlines the
scientific opportunities in the next decade for resolving the outstanding issues in the field.
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x 100 data taking capabilities after LS2 upgrade

New Inner Tracking System (ITS) Novel MAPS technology
e CMOS Active Pixel Sensors
— improved resolution, less material, faster readout

Yo ITS+MET+FIT

SEERIiAW. Y myn imom &va €A '

New Muon Forward Tracker (MFT)
e CMOS Active Pixel Sensors
—> vertex tracker at forward rapidity
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New TPC Readout Planes Largest GEM application

e A-GEM detectors, new electronics -
— continuous readout

New trigger detectors (FIT, AD)
* Centrality, event plane

Upgrades readout for TOF, TRD, MUON, ZDC, Calor.

Integrated Online-Offline system (O?)
 Record minimum-bias Pb-Pb data at > 50kHz

(currently ~ 1 kHz)

ZNETDI00GD 7 — & UE
GHBfENF Y, iV +—2, Z74-2a=7, L7 itk EONE % ik

arXiv:1812.06772v1 [hep-ph] 17 Dec 2018
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High us facilities

Facility SIS18 HIAF | Nuclotron || ]-PARC-HI | SISI00 RHIC SPS

Experiment | HADES / CEE BM@N || DHS,D2S | CBM/ STAR NA6 |
miniCBM HADES

Start 2012,2018 2023 | 2019 (Au) | >2025(?) 2025 20102019 | 2009, 2022

Vsuw GeV || 24 -26 18-27 | 2-35 2 — 6.2 2.7 -5 3-196 | 49-173

g, MeV 880 — 670 | 880 —750 | 850 — 670 || 850 —490 | 780 —400 | 750 —330 | 720-210 | 560 —230

Hadrons + + +

Dileptons + (+)

Charm

Tetyana Galatyuk, QM2018




STAR BES-11

STAR-BESII (2019-2022)

b
Beam Energy | /syny (GeV) | ug (MeV) | Run Time | Number Events |BES e
(GeV /nucleon) (M eve) 15 Qua rk-Gluon
0.8 19.6 205 | 4.5 weeks 100M 36 |
7.3 14.5 260 5.5 weeks 300M 20 ,
5.75 11.5 315 5 weeks 230M 12 !
4.55 9.1 370 9.5 weeks 160M 0.3 )
3.85 7.7 420 12 weeks 100M 4 ‘é I
31.2 7.7 (FXT) 420 2 days 100M @ |
19.5 6.2 (FXT) 487 2 days 100M £
13.5 5.2 (FXT) 541 2 days 100M =
0.8 4.5 ( FXT) 589 2 days 100M
7.3 3.9 (FXT) 633 2 days 100M
5.75 3.5 (FXT) 666 2 days 100M
4.55 3.2 (FXT) 699 2 days 100M
3.8D 3.0 (FXT) 721 2 days 100M

Baryon Chemical Potential p,

BES-1D 1045 LD Hptatl 23 ifF

23



FAIR-CBM

Current schedule landmarks
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Compressed
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Experiment

SIS100 primary beams:

* 10%s Au up to 11 GeV/u

* 10%s C, Ca, ...

up to 14 GeV/u

* 10"/s p up to 29 GeV
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FAIR-CBM

STS RICH TRD TOF ECAL  PSD i L — b 32E(BES-11D 10004%)

(inside , .
dipole Fixed-target (lons, p) beams
magnet) Acceptance 2°0<0<25°

Compact tracking with silicon, | Tm dipole field
RICH/TRD behind tracking

Designed for v sy ~7.7 GeV

Dead-time free FEE

Rate: 0.1 = 10'MRz (Au+AU)

Software based event selection, 4D tracking

e AH-> He+n~
| CBM Simulation + TU =" -
Au+Au 10A GeV x10° A % p n % x10° — 9 /\ + T § x10° CBM Simulations
central collisions B | CRBM Simulations 2 . S UrQMD
— | - 10— Au+A
E 10+ UrQMD I = urAu
é - central = =T 10AGeV
Au+Au
10 AGeV 20k
5 L
_ 5/ L\
ot o | o 0 0—&‘# :
. . M R NI 1.1 1.2 1.3 14
inside R R R 1 It - ) i
( M,, [GeV/c?] m,,, {p’} [GeV/cT] e bAT ) [GeYie'] okt
2.95 3 3.05

dipole magnet) m [GeV/c?]
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Conceptual design level

Longitudinally scalable setup for
running at different energies

300 cm
<€ >
< 240cm >
. B,
o o
o
(0\\:‘5 Toroid
\<\’b§/" Graphife magnet
| | BeO
l'lf': ‘P—Z:
Vertex spectrometer: \
2-3 T dipole field ¥
stations of MAPS /

Muon Tracking: — ( —

4 stations of GEMs

4

—

120 cm

Trigger:
2 stations

27

of RPCs, ...

Objective:
[0 Precision measurements of dimuon production
via a beam energy scan (Vs ~ 4.5 —17.3 GeV)

Strategy:

[0 Muon measurement with tracking in front of
and behind hadron absorber

0 Vertex spectrometer: MAPS
0 Hadron absorber (BeO-Graphite sections)
O w spectrometer: GEM (~200 um space resolution)

O Toroid magnet (BL=0.75 Tm atr = Im)
0 Online dimuon trigger

Statistics goal:
0 5% 107 reconstructed pairs from thermal radiation

O 2%10% reconstructed |/ (larger for open charm)

O Energy scan |/.3-8.8-6.3 GeV (down to 4.5 GeV —
SIST00 upper limit), ~few weeks run / energy

Beam intensity >107 ions/s
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—4&— charged particles, lyl < 0.8, JHEP 1811 (2018) 13
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A =27

ALICE upgrade, sPHENIX
arXiv:1812.06772 PbPb 10 nb™ (5.02 TeV)
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Chira_l symmetry restoration on the coalescence hyper surface: m‘i - restored // 2
e —ccmass: 3.58 GeV — 2.79 GeV - - // .
e eo<radius>: 0.41 fm — 0.49 fm 0.02- p ~
e Distance between 2 ¢ quarks and between cc pair and Q: // Chiral -
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| o 0.01l g symmetry
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— variation from 0.03 to 0.04 (cross section per binary N
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A.Festanti, ALICE
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HQ v is sensitive to the EM field in very early stage of collisions (and Oe)
Large v| (compared to hadrons, k(10-4)) gives some hints for relativistic

magnet+fluctuating hydro and dynamics of early stage!
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Next ALICE beyond 2030

arXiv:1902.0121 |

A next-generation
LHC heavy-ion experiment

Shower Pixel Detector (SPD)

<+«—— Time Of Flight
(TOF)

Authors

~100cm

Abstract

The present document discusses plans for a compact, next-generation multi-
purpose detector at the LHC as a follow-up to the present ALICE experiment. The
aim is to build a ncarly massless barrel detector consisting of truly cylindrical lay-

insert-able crs based on curved wafer-scale ultra-thin silicon sensors with MAPS technology,
- . featuring an unprecedented low material budget of 0.05% X, per layer, with the
conversion layer innermost layers possibly positioned inside the beam pipe. In addition to superior
tracking and vertexing capabilitics over a wide momentum range down to a few
tens of MeV/e, the detector will provide particle identification via time-of-flight
determination with about 20 ps resolution. In addition, electron and photon iden-
tification will be performed in a separate shower detector. The proposed detector
1s conceived for studics of pp, pA and AA collisions at luminositics a factor of
20 to 50 times higher than possible with the upgraded ALICE detector, enabling a
rich physics program ranging from measurements with clectromagnetic probes at
ultra-low transverse momenta to precision physics in the charm and beauty sector.

Geneva, Switzerland
December 10, 2018
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Heavy-flavor and quarkonia

O

O
O
O

(2

cc’ CCC

Multiply Heavy Flavoured hadrons. e.g.: =_, Q2

—cc’

Y., States

Ultimate precision on B mesons at low p; j‘>
X, Y, Z charmonium-like states (e.g. X(3872))

Low-mass dielectrons

O

Real soft photons
o down to 50MeV/c

Precision measurement of the thermal dilepton
continuum, 0 <m < 3GeV

=
Ny
Y

Real ultra-soft photons
o Very low p; photons: 1MeV/c < p;/ < 100MeV/c :>

o dedicated small forward spectrometer at 3.5 < |n| < 5)

M7 A T TrhdbUE, HATLEIV ! !

F.Antinori, FOCAL workshop @ Tsukuba (2019)

Hadron formation from
deconfined QGP

Chiral symmetry restoration
p-al sector

QGP Radiation
unchartered phase space region

Test of soft theorems
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N
1

10
time (fm/c)

3 g —
e

Future ular Collider

Quantity Pb—Pb 2.76 TeV  Pb-Pb 5.5TeV  Pb-Pb 39 TeV
dN.p/dn atn =0 1600 2000 3600
dEr/dn atn =0 1.8-2.0 TeV 2.3-2.6 TeV 5.2-5.8 TeV
Homogeneity volume 5000 fm? 6200 fm? 11000 fm?
Decoupling time 10 fm/c 11 fm/c 13 fm/c
gatt=1fm/c 12-13 GeV/Am? 16-17 GeV/Am® 35-40 GeV/fm?

FCC: |00km accelerator after LHC
FCC-hh : 2045 as earliest. Lumi ~ x10 LHC

Some interesting observables:

| o |

Pb+Pb 39 A TeV

dotl/dy=157 mb

— N W — — —— — — —

.........................
--
-
kd
-

r Flow, Thermal photons and dileptons
5 Transition to wQGP?

: Thermal charm production

Y(1S) regeneration

Boosted top quark energy loss

10 Gluon saturation
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local parity violation in QCD possible due to n
ontrivial gluon field configurations
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Important experimental and theoretical developments
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Huovinen et al. (2001) Phys.Lett B503, 58
e

Transverse Momentum pT [GeV]

Early success of hydrodynamics missing physics

of lattice QCD equation of state and viscosity.

Luzum, Romatschke (2008) Phys.Rev.C78, 034915
—— 7
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Bounds on shear viscosity but large uncertainties

from initial conditions.
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Schenke et al. (2012) Phys.Rev.C85, 024901
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| 20-30%

Anisotropy Parameter v
(=]

PEER
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Transverse Momentum p_ [GeV]

Higher moments constrain viscosity and fluctuating
initial conditions better, but temperature dependence}

of n/s is not yet determined.

approximate range of
maximal initial temperatures
probed by RHIC

To determine (n/s)(T) different initial
temperatures need to be accessible.
Only possible with combined data fro
LHC and RHIC beam energy scan.

m
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Increasing precision

of key observable
0 05 1 15 2

== experimental techniques

developed

§_ p,dependence

Ke)
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% identified particle flow

8

g rapidity

o} dependence

@

>

%)

K analysis improved
errors reduced

\j

== fluctuations important

for v, analysis in small systems

RHIC BES-II upgrade required to

== first flow results from
viscous fluid-dynamics

= reliable QCD equation of state
from the lattice included

=V, correlations

= P(v,)

« measure lower
bound to ~10%

« determine (n/s)(T)
dependence

» measure bulk viscosity
and relaxation times

= constrain initial state
and its fluctuations

n |
s

2000

a2In(azt)

& ideal hydro

2002

LO pQCD
e

1= AdS/CFT limit

B(r), (1)

Tn, TC, D

2004
: 2006
l'fh I viscous hydro ==
T
o 2008
2010
2012
E = Kinetic theory
: | = latlice QCD
i | -- AdS/CFT limit 2014
i | = viscous hydro
: + flow data
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Important experimental and theoretical developments
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Full jet reconstruction
measurements and comparison
to theory over a wide range of
collision and jet energies

Precision RHIC data
are essential
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2012

2014

Increasing precision

of key observable

1

100

HIC BES-II and detector

experimental techniques
developed

x5 suppression in hadron R, 4

Away-side disappearance

d+Au “Null-Experiment”:
Jet-quenching unambiguously
a final-state/QGP effect

Strong modification of an
away-side jet: “Mach-Cone” ?

No direct photon suppression

Near-side modification:
“The Ridge”

Feasibility measurements/studies
of full jet reconstruction at RHIC

Ridge and Mach-Cone structure
consistently explained by v,,
(initial state fluctuations)

LHC data: Increase of charged
hadron Raa at high momentum;
full jet measurements

Modification in jet fragmentation/
jet structures at the LHC (QM12)
suggests radiative energy loss
picture at high jet energies

- reduce § uncertainties
» determine Q(r ) dependence
« characterize quasi particle
nature over a wide range
in jet energy
« constrain importance of
collisional vs. radiative
energy loss; QCD analog
toQED e loss

rades required to
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—— Strong coupling limit, radiative E-loss
= === Perturbative, radiative E-loss

== = == Strong coupling AJS/CFT, rad. E-loss
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= == = = Gluon fields, high twist radiative E-loss
----- Hard thermal loops, radiative E-loss
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