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Outline

e Heavy-ion physics:
the high temperature and low baryon density regime
e Experimental program at the LHC: from now ...
e ... to the high-luminosity LHC era
e Heavy ions at the Future Circular Collider:
physics opportunities

Run: 244918
Time: 2015-11-25 10:36:18
Colliding system: Pb-Pb

Collision energy: 5.02 TeV
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Heavy-ion physics

Explore strongly-interacting matter
at extreme conditions

Extreme temperatures
~ 160 MeV =2 x 102K  (Sun core: 15 x 10° K)

and/or

Extreme densities
=~ few GeV/f/m® (few times ground-state nuclear matter.
€ =~ 0.44 GeV/fm3)

proton

to study fundamental properties of QCD:

compressibility of nuclear matter, confinement, QCD-matter
phases, hadronization, transport coefficients, etc.
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Extreme conditions

Very high density (~ GeV/fm?3)
matter in neutron stars
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Extreme conditions

Very high density (~ GeV/fm?3)
matter in neutron stars
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The QCD phase diagram d |

Phase Diagram for H,0

Phases of matter

~156
MeV
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The QCD phase diagram

T

quark-gluon
~156 | _ plasma
MeV RN

N deconfined,
Y -symmetric

hadron gas

confined,
superconductor
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The QCD phase diagram

Early universe
(few ps after
the Big Bang)

T
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The QCD phase diagram

Early universe
(few ps after
the Big Bang)

T
quark-gluon
~156 | _ plasma
MeV T~ _
~~_ deconfined,
Heavy-ion X-symmetric
collisions at hadr_on gas
the LHC (TeV) confined,
p x-SB
color
superconductor

» Baryo-chemical
U, fewtimesnnuclear |L potential
matter density
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Heavy ions at the LHC: Run 2 (2015-2018)

208Ph jons:
E =6.37ZTeV

Vs =2 E, > 1 PeV
Vs, = 5.02 TeV

Design luminosity: 1 x 102" cm=s”
surpassed by factor 2-3.6

2015 Pb—Pb ATLAS

2015 Pb—Pb CMS

25

LHC superb performance

2015 Pb—Pb ALICE

Goal (|nclud!ng 2018): | | 1 ookt ﬂ‘i’f’_{f}
~1 nb"' integrated luminosity ;
(including rare triggers) | _——

Time [weeks in physics]

Nucleon-nucleon integrated luminosity
DOI: 10.18429/JACoW-IPAC2016-TUPMWO027
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Heavy-ion collisions at the LHC

Run: 244918
Time: 2015-11-25 10:36:18
Colliding system: Pb-Pb

Collision energy: 5.02 TeV
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Heavy-ion collision evolution

Energy Stopping Hydrodynamic

Initial state Hard Collisions Evolution Hadron Freezeout

Non-equilibrium evolution at early times:
e Gluon dominated, fast thermalization
Local thermal and chemical equilibrium: QGP Therm. time ~ O(0.1 fm/c)
e Evolution < relativistic fluid dynamics T, ~ O(500 MeV)

e Expansion, dilution, cooling
Chemical freeze-out:

e Below a critical temperature, hadrons are formed Homog. Volume ~ 5000 fm?
e |nelastic collisions cease — particle yields Decoupling time ~ 10 fm/c
Kinetic freeze-out:

e Elastic collisions cease — spectra

S.Masciocchi@gsi.de Heavy-ion physics at the high-energy frontier 12



Hot QCD matter

Questions
e Transport properties
Parton energy loss

e Deconfinement / confinement
Phase boundary

e Hadronization mechanism
Loosely bound objects
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Hot QCD matter

Questions Observables

e Transport properties /\

Parton energy loss e Light and heavy hadrons
/ nuclear modification factor
> o

e Deconfinement / confinement
Phase boundary

Charmonium production

e Hadronization mechanism * (Anti-)(hyper-)nucle
Loosely bound objects production

N T

S.Masciocchi@gsi.de Heavy-ion physics at the high-energy frontier 14



Parton energy loss < tomography

e Medium-induced gluon radiation
e Collisions with medium constituents

Energy Stopping Hydrodynamic : Tt
Hard Collisions Evolution Hadron Freezeout

Initial state

Quantifier: the nuclear modification factor

Yield in AA 1

R Yield in pp N

coll

as function of p, y and centrality \ /

binary collisions (Glauber)
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Parton energy loss < tomography

Probes:
e \ector bosons (do not interact strongly!)
e Light-quark hadrons

pPb

' = b, Pb-Pb (ALICE) oI p- Pb = 5.02 TeV, NSD (ALICE) ]
O 1.8 ar pp-Po(CMS) ., * ¥ PE-PP \/_ 2.76 TeV, 0-10% (CMS) ]
Sy =276 TeV, 0-5% 2= W*, Pb-Pb s, =2.76 TeV, 0-10% (CMS);

Initial state  EN€r0Y Stopping Hydrodynamic é 1.6} v Z° Pb-Pb |s =276 TeV, 0-10% (CMS) ]
ke — o ' l %y, Pb-Pb |/syy = 2.76 TeV, 0-20% (ALICE) ]
@ 14f m ‘ (norm. to pQCD NLO calc., Vogelsang) ]
1.2 | il
Nuclear modification factor 1} f EF ------------------- ----- 9.
: : 0.8 N ]
~ _ Yield in AA 1 IO ==y |
- . . N1 0.6 L .
M Yield in pp N, g g I
0.4 @@aﬂﬂ : .
N _
as function of p_y and centrality | -
) 0 |||||||| Lo b b b b v v b v aa

0 10 20 30 40 50 60 70 80 90 100
P, (GeV/c) or mass (GeV/c?)
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Parton energy loss < tomography

Probes:
e Charm and beauty quarks
Dependence on color charge (g/g) and parton mass

g 1 .4_I T T | T T ‘ T 1T | T 1T ‘ T T T ‘ T 1T T T TT T 17T \_
C - Pb-Pb, \'Syn = 2.76 TeV 1
1.9k A 7 (ALICE) 8<pT<16 GeV/c, |y|<0.8 _
"L m D mesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 -
- @ Non-prompt J/w (CMS i5reliminary) T
- 6.5<p_|_<30 GeV/c, |y|<1.2 cums-pas-HIN-12-014 .
. ‘ 1_ (empty) filled boxes: (un)correlated syst. uncert.
= E::rrgycso'ltﬁgop:;g Hyg\rglj:t?:r:n N Hadr(‘)n Freezeout : () 50-100% for non-prompt :
0.8 HE| R
n ] n 0.6_— H ;
Nuclear modification factor ! :
i50—80%* 1
_ _ 0.4 E!Zl s
Yield in AA 1 [ i Fx ]
R AA - - - — - 40-50% .
Yield In PP N 0.2~ 30-40% 50300, BT B
coll - 10-20% i
| 7* shifted by +10 in (Npart) 0-10% |
. . O L 11 I [ J L1 11 I L1 11 ‘ L 111 ‘ I | I L 111 | |
as function of p_y and centrality 0 50 100 150 200 250 300 3{;3 4>°0
’ part
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Parton energy loss < tomography

Probes:
- D and D_ mesons: Modification of hadronization in presence of

a medium? fragmentation vs recombination

IIIIIIIIIIIIIIIIIII|IIII|IIIIIIIIIIIIIIIIIII|IIII

ALICE Preliminary
0-10% Pb-Pb, \/s,, = 5.02 TeV

T

2 y|<0.5 e
- e Average D°, D*, D** .
n + D} -
R e e 3 E
1_ ””””””””””””””” Filled markers: pp rescaled reference _;
- - = Open markers: pp pT-extrapoIated reference |
Nuclear modification factor 0.8- H E
0.6 H =
R Yield in AA 1 0.4 EH%L i
A = Yield in pp  N_, N L I
O_IIII|l|IIIIIII|IIII|IIlI|lIII|IIII|IIII|IIII|IIII_
: : 0 5 10 15 20 25 30 35 40 45 50
as function of p. y and centrality o, (GeVic)
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Charmonium production

Screening of the strong .0. oo
interactions in the QGP!
o o 0o 0°
Perturbative V. ‘ > . . . .

< S I I B B I I L I
Ay 14 i Inclusive J/y — p'u N
_ ® ALICE, Pb-Pb |5, =5.02TeV,25<y <4,p_<8GeV/c ]
1088 ® ALICE, Pb-Pb \s, =276 TeV,25< y <4, pT<8GeV/c ]
) - O PHENIX, Au-Au\s,, =02TeV,1.2<|y|<2.2, pT>OGeV/C ]
-51 *
ALICE i ; |
Vs.. =2.76 TeV 08 i [ ['zal': O E Suppression
NN TS Ay  wEE g g8 ®m@e] new production
Vs, = 5.02 TeV 0.6 i m ™ ] ism |
NN . HH = . mechanism !
PHENIX a B :
Vs, = 0.2 TeV 0.2 u B .
] Suppression
L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I I-
00750 100 150 200 250 300 350 400
<Npart>
.
Event centrality PLB734(2014)314

PLB766(2017)212
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Charmonium production

|dea already proposed before the LHC: abundance of charm and
deconfinement

Developrment of

Start of collision quark-gluon plasma Hadronization
Low £
(RHIC) i — ¥l ) D
energy | . Gy coy ®0

$ - x ®°
o i
| 43 %ﬂ o i x Df \ijw 8\ @0@L A\

ngh %ﬁ + o \ \D* O\* ) OD_ % J.-"‘lp r
(LHC) ‘{ " ) 5 = @D \l
energy - b M0y o Ng © @

¥ b ¥ ®0

Braun-Munzinger, Stachel, Nature 448 (2007) 302-309
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Charmonium production

Abundance of J/y regenerated in the QGP or newly generated at the phase
boundary by statistical hadronization, at low p_

— signature of deconfinement

< 1 I 1 1 1 I 1 1 1 I 1 1 1 I I 1 1 I 1 1 1
p-! [ i
B Inclusive J/yv — p*tu’, 0-20% centralit .
@ 14 Lasd y _
i ® ALICE, Pb-Pb s, =5.02TeV,25< y <4
1ok W ALICE, Pb-Pb \s,, =276 TeV,25< y <4
I ® PHENIX, Au-Au | s, =02 TeV, 1.2 < |y| < 2.2

e .

0.8F - _
il ; 5
o6fF U 1
R -
04F .
L B g d EI ;
02Fm m @ * C ]
0: ] ] ] ' 1 L
0 2 4 6 8 10 12

P, (GeV/c)

PLB734(2014)314

PLB766(2017)212
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Charmonium production

J/p regenerated in the QGP or newly generated at the phase boundary:
statistical hadronization, transport models, co-movers

< _I|Ill|||]|||||||II||||||l|||||||||||||||||||
44l ALICE Preliminary, Pb-Pb |5 = 5.02 TeV
Inclusive Jiy — e*e’
1.2 ly| < 0.8, p.>0.15 GeV/e

1__

0.8]

0.6f

0.4F

L Transport (TM1, Du and Rapp) i
0.2 — Transport (TM2, Zhou et al.) —
B Statistical hadronization (Andronic et al.) 7

| [~ Co-movers (E. Ferreiro) i
1 1 1 1 | 1 11 1 | L1 1 1 | 1L 1 1 | 111 | 111 I | I I | | 1 1 1 1 | 111 1
O0 50 100 150 200 250 300 350 400 450

(N .2

part

Large uncertainties: shadowing, open charm cross section

Progress on both theory and experiment sides needed to reach a
more precise description
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(Anti-)(hyper-)nuclei production

Abundant production of light nuclei: 3 -
2> A=2: deuteron (many) = 10
> A=3: °He, °H (good statistics) 1

2> A=4: “He (few) 107

107°

HIIlTﬂ" IIIIHT|'| Hlll'l'l'q IIII|'|TT| IlIII|T|'| IIHVTl‘] TTT

0-10% Pb-Pb, |5, = 2.76 TeV

arXiv: 1077
1710.07531 1 0—8

R

. rr  r ¢ {1 ]
4 3 2 1 0 1 2 3 4

e Hadronization mechanism?
Thermal production or coalescence?

* Some very loosely bound (A separation energy in °H is ~ 0.13 MeV): how do
they get formed at a freeze-out at 154 MeV?

e Precise lifetime and BR measurements needed

EMMI workshop, Torino, 2017 https://indico.gsi.de/event/6301/
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Heavy-ion high-luminosity LHC

During the Long Shutdown 2 (2019-2020) at the LHC:
e |ncrease total number of lead nuclei stored
e Upgrade of LHC collimators

@ Peak Luminosity > 6x10% cm?s”' — 50 kHz Pb-Pb interaction rate
Foreseen integrated luminosity ~ 3 nb”' / month

Pb-Pb p-p +=—>Pb-Pb
l |
2021 2022 2023

\|D| J|FIM|A|M| ]| J|A|S|O|W|D|

[
hul
=
>
=
[
[
>
w
o
=2
[
M
=
>
=
[
[
>
wn
(o]
=

o P Pb-Pb p-Pb Pb-Ph
Ions ° |
2024 2025 2026 2027 2028 l 2029 2030 2031 2032
FIM|AIM|JI|A|S|O|N|D} I |F[M]A[M|] JASONDJFMAMJJASONDJFMAMJJASO'DJ FIM{A[M|][{]]|A|S|O DJFMAMJJASONUJFMAMJ J{A|S|O[N|DyI | FIM[AIM|I|I|A|S|O[N|D}I|FIM[A|M|I|I|A|S|O[N|D]

HL-LHC for heavy ions starts in 2021 !
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Heavy-ion high-luminosity LHC from 2021!

Same collision energy Vs, = 5 - 5.5 TeV

ALICE physics case:

* Low transverse momentum observables (reduced material budget)
« Minimum bias data taking (no triggers) — 100 x statistics

* Need for continuous readout of detectors — >3 TBytes/s

— online data processing with strong volume reduction

ﬂ I. IC E Letter of intent: https://cds.cern.ch/record/1475243/
ITS TDR: https://cds.cern.ch/record/16258427In=en
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Heavy-ion high-luminosity LHC from 2021!

Same collision energy Vs, = 5 - 5.5 TeV

ALICE physics case:

* Low transverse momentum observables (reduced material budget)
« Minimum bias data taking (no triggers) — 100 x statistics

* Need for continuous readout of detectors — >3 TBytes/s

— online data processing with strong volume reduction

Letter of intent: https://cds.cern.ch/record/1475243/
ITS TDR: https://cds.cern.ch/record/16258427In=en

Workshop on the physics of HL-LHC, and perspectives at HE-LHC

30 0Oct 2017,09:00 — 1 Nov 2017, 19:00 Europe/Zurich

CMS,

Q@ 500-1-001 - Main Auditorium (CERN) https://indico.cern.ch/event/647676/

General strategy and running plans in discussion in the HL-LHC heavy-ion
working group

— document by end of 2018 as input for the European Strategy discussion
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HI HL-LHC: physics program (some)

Very high statistics, improved detectors:

e Heavy flavors

e Heavy quarkonia
production

e (Anti-)(hyper-)nuclei
production
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HI HL-LHC: physics program (some)

Very high statistics, improved detectors:

e Precision measurements ¢, b hadrons

/ e Baryons/mesons: hadronization mech.
e Heavy flavors New observables (e.g. D° v, < B field)

¢ Heavy quarkonia e Large statistics J/y, ¢(2S) — pin down
productlon production mechanism

e X,Y(18,28,3S), flow

* (Anti-)(hyper-)nuclei e \What is now done for A=2,3 will be

production T extended to A=4:“H, *He

e Precision measurements: 40k iH
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ALICE upgrades: work at GSI
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ALICE upgrades: work at GSI

Framing and testing of large area GEM foils

| i : u'r'n ‘ ‘
| . .
L N ‘ .
‘B i |
) - o

Chamber body
prepared (Hd, F)
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ALICE upgrades: work at GSI

Framing and testing of large area GEM foils

: ) irgee
“ -

GEM quadruple
stacks mounted

Chamber body
prepared (Hd, F)

S.Masciocchi@gsi.de Heavy-ion physics at the high-energy frontier



Beyond the LHC (G2

Design study by international collaboration, initiated by CERN in 2014, for a

Future Circular Collider

e Proton-proton collider (FCC-hh)
~16 T — 100 TeV pp in 100 km

~20 T — 100 TeV pp in 80 km
— defining infrastructure
requirements 8 o tokm
e e*e collider (FCC-ee) as At /

potential intermediate step
e p-e (FCC-he) option

¢ |lon program! A
alaz

Scope: CDR and cost review for the next European strategy (2019)
Starting date targeted for 2035-2040
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Heavy ions at the FCC (Fcc-hh — FCC-HI) FCC
John M. Jowett
Michaela Schaumann ECC
Hadron beams: protons and Pb ions
E =50ZTeV

HI (JLEIR

e pp: +/s =100 TeV source +
LINAC 3
> Pb-Pb: /s, = 39.4 TeV

> p-Pb: /s, =62.8TeV

Pre-accelerator chain for ions to be studied. 1 or 2 experiments.
“‘Pb-Pb:

Baseline: Ultimate:
1 exp. L, /run: 35nb 110nb-
2 exp. L /run: 23nb- 65nb-"

3nb" at HL-LHC
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Heavy ions at the FCC

Tentatlve Run Schedule

Maintenance intervention

Commissioning
Physics

lon- Physics

Similar strategy as for LHC:
* 1-month-long Heavy-lon runs
before each Technical Stop or

i Shutdown
- « 3 such ion runs per FCC-Run of
sty S\ 5 years

2

s 3 I 110 143

45 4 7 m 144
5 13 5 46 5 79 5 12 5 145
[ a7 1] B0 13 146

48 7 81 114 147
B &5 B 82 115 B 148
s : : 15 x 1 month
10 o 51 10 B4 o 117 10 150

: :
lon-Physics time

2 2 2 2
3 1 54 3 ar 3 120 3 153
4 2 55 4 Ba 4 12 4 154
5 3 56 5 89 5 122 L] 155
[ 24 57 [ an [ 23 & 156
7 5 58 7 a1 7 12 7 157
8 6 59 8 a2 B 125 8 158
L] 27 60 9 83 9 126 ) 158
10 28 61 10 a4 10 127 10 160
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FCC-HI: physics opportunities

Wiki: https://twiki.cern.ch/twiki/bin/view/LHCPhysics/Heavylons
HI dedicated meetings: https://indico.cern.ch/category/6068/

Global properties:
CERN Yellow Report (DOI: 10.23731/CYRM-2017-003.635)

dN_/dn x 1.8

Quantity Pb—Pb 2.76 TeV  Pb—Pb 5.5 TeV Pb—Pb 39 TeV
dNen/dnatn =0 1600 2000 3600 dE_/d

X 2.2
Total Ncp 17000 23000 50000 T d
dBr/dnatn =0 1820TeV  2326TeV | 52-58Tev volume x 1.8
Homogeneity volume 5000 fm? 6200 fm? 11000 fm?3
Decoupling time 10 fm/c 11 fm/c 13 fm/c d. time x 1.3

gat7 =1 fm/c 12-13 GeV/fm®  16-17 GeV/fm® || 35-40 GeV/fm?

Global properties at \/s.NN = 2.76 TeV (0-5% centrality interval) extrapolated to 5.5 and 39 TeV
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FCC-HI: global properties

Medium: is larger
lives longer
reaches higher energy density and temperatures
equilibrates faster (x2)

S
f . D
T lfmiel Pb-Pb 39 TeV 3
| " 10
15§ -
10l Pb-Pb 5.5 TeV
5
0 | ‘ | | - | r [fm] 10 il il T
0O 2 4 6 8 10 12 14 102 10" 4 10
time (fm/c)
Space-time profile at freeze-out from QGP temperature evolution on basis of
hydrodynamical calculations Bjorken relation and Boltzmann equation
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FCC-HI: physics opportunities FCC
High energy — large production cross section for all hard probes
CHARM
Large increase of charm total yield:
e Larger yields of primary charm from hard-scattering processes between
partons of the incident nuclei e
. 90 b=0 fm .
e Higher QGP temperature — ; —
secondary or thermal charm 80f 39 TeV w/Shad w/Thermal Prod. =
production, from in-medium interacting = 70E e oy S ool P E
partons (T > 500 MeV) no ]
;;' 60 : 5.5 TeV w/Shad w/Thermal Prod. B
ﬁs E — T 7 5.5 TeVw/Shad wo/Thermal Prod. .
s f——----------—-—-——— 3
New relevant dof 40" -
Effect on the QGP equation of state? a0k E
Under debate EKT___T__T__T___. |
o2 "4 6 8 10

K. Zhou et al. PLB758 (2016) 434
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FCC-HI: physics opportunities

High energy — large production cross section for all hard probes

HEAVY QUARKONIA: charmonium and bottomonium

Dissociation by color screening and (re)generation by statistical hadronization:
also true for bottom, at FCC temperature and o, ? Thermalization?

Statistical hadronization model (A. Andronic et al.)

—_
~

Jhy

g i Pb-Pb, midrapidity ] > - .
o 1ol B ALICE (ly|<0.8, £13% syst.), |[sy, = 2.76 TeV - o 1'4: .
B 121 -
1E ¢ _ - do, /dy=163 b
B i 1 ]
08 . - ]
B ] 0.8 - ( )
Jllp § i - do, . /dy=109ub ] Y 1 S
06 - B 0.6F -
04 :— Statistical Hadronization Model - 0.4 :_ ]
C \/q=276 TeV (dGcE /dy = 0.33 mb) ] E d°b5 /dy=73 pub 1
02— o syy=5.1 TeV (do__ /dy = 0.45 mb) - 0.2 \S\ =40 TeV —
. ‘ s,‘\I =40 TeV (dc /dy 1. 25| 1.35 mb) ] - Y(1S), Statistical Hadronization Model ]
11 1 L1 11 | 1111 | I 111 ‘ | | 1111 | I ‘ 1 11| | |
00 50 100 1 50 200 250 300 350 400 0o 50 100 150 200 250 300 350 400
Npart Npart
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FCC-HI: physics opportunities FCC
Access to very low x with p-Pb and ultraperipheral Pb-Pb collisions:
9 1 09 E ] —
10 E = Ultraperipheral QQ: Nuclear DIS & DY data:
£ 8 10%E o FCC Y (lyl <4) @ NMC (DIS)
10°F = 107 - FCC J¥ (lyl < 4) m SLAC-E139 (DIS)
107k (o] E  ==w== LHCY (lyl <2.5) FNAL-E665 (DIS)
- 10%E LHC J/¥ (lyl <2.5)  AEMC (DIS)
e 108 ;E RHIC JW (lyl <2) % FNAL-E772 (DY)
< ° 10*F
S 10 af
o 10 E
100 102 i —
Q2 pu(X) / S —
10? 10 " v e Ll
10 1 SRS S I e TR RET T | o eI
non-perturbative A
1 107" R A‘AA
10_1 | III|||I| . III|||I| . III|||I| . III||||| . III||||| . III||||| . IIIl|I|| \ Illj 10—2 | IIIIIII| | IIIIII,IJ | IIIIIII| 1 1 IIIIIII 11 IIIIII| | IIIIII,IJ | IIIIII,IJ | IIIII[IH
10 107 10° 10° 10* 10° 102 107 1 10 107 10° 10° 10* 10° 102 10" 1
Xp X

Test whether (perturbative) saturation lies in the accessible kinematic
region (coverage of very forward region)
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FCC-HI: more physics opportunities FCC

* VERY high multiplicity in pp and p-Pb e single- and pair-top production: energy

=1'g R loss, time scales (boosted), nPDF
a O UAS5900 GeV

102 o . — T

o ﬁt:ﬁi : Iﬁvm D103, PB-Pbo X, 5,239 Tev L,,=33 nb*

—— NBD 0.2 TeV (O] %, MCFMNLO, CT10, EPS09, u=m,
102 = NBD 7 TeV &1 02 ; Analysis cuts:
— NBD 100 Tev @B F P> 20,30 GeV, In'| < 5, ET** > 40 GeV
c C S,

104 3 10f
::S-F E_
10° = = 1
= F
C '010—1 -
105_5 F
= 102
10'7 111 | 1111 ‘ I T | 11 1 1 | ] N | | 111 1 | L1 11 | 111 =

0 50 100 150 200 250 300 350 400 10-35_|IIJIII|III|I\IJ|I\I\ll‘\lJ\\l‘\ll\l
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Pl (GeV)

e Photon-photon scattering in pp, p-Pb, e Stay open for the unknown !!!

Pb-Pb (UPC)

p,Pb p,Pb

T

T

A
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FCC-hh: detector options

e 4T 10m solenoid + forward
solenoids: no shielding coil

e Silicon tracker

e Barrel ECAL LAr

e Barrel HCAL Fe/Sci

e Endcap HCAL/ECAL LAr

e Forwards HCAL/ECAL LAr

Needs for heavy-ion physics?
Low (transverse) momentum. Particle identification
Dedicated experiment necessary?
Special settings for operation with heavy ions?
Focus on forward rapidity? Werner Riegler
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Conclusion

e Heavy-ion physics:
the high temperature and low baryon density regime
place of excellence to study non-
perturbative QCD, confinement, hadroniz.
e Experimental program at the LHC:
now and in the high-luminosity era
HI HL-LHC: high statistics for precision
measurements
e Heavy ions at the Future Circular Collider:
physics opportunities
uark-gluon ptasma at higher enerqgy

ensikties - access bo ulkimate Preaismm
and new prabes
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Run: 244918

Time: 2015-11-25 10:36:18
Colliding system: Pb-Pb
Collision energy: 5.02 TeV
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HI HL-LHC: heavy flavors

Very high statistics and improved spatial resolution:

e Precision measurements of charm and beauty hadrons
e With heavy-quark baryons, investigation of hadronization mechanism
e Access to new observables: directed flow of D° (early time magnetic field)

c and b hadrons:
Energy loss vs
parton mass

D meson elliptic flow:
Charm thermalization

Charged hadrons and D° mesons

[s,., =5.02 TeV PbPb 0.2 nb™
g 2:| LI | L L | T T 1T 7T I T T 17T [ T T 17T ‘ T T T 7T ] : 0‘4:\ NN
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Baryon/meson ratio:
hadronization via
recombination in medium or
fargmentation in vacuum
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HI HL-LHC: heavy quarkonia production

> < 1.2
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Discrimination between o
different charmonium
production 0.8
mechanisms (models)
will be possible with
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" Pb-Pb |sy=5.5TeV, p_>0 GeV/c i
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HI HL-LHC: nuclel projections

The physics we can now do for A=2 and A=3 will become possible for

State dN/dy [82] B.R. (Acc x ) Yield

A=4 SH  1x10% 25%[83] 11% 44000
H 2x 1077 50% [83] 7% 110
THe 2x1077  32% [84] 8 % 130

> 10°E =

D E Pb-Pb \s\=2.76 TeV N =350 3

Z 105 A Thermal model 3
o 1F — T=164 MeV - >
iop . T=156 MeV iz
Continue exploration of 102 An — 4 3
. 103k AN . 3
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i ] . 10'4_5 3 ........ G ~- o
including exotic, unknown ook AH =2

E | :
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107 ay — e 4 3
W F A 4H S -
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10°F T 2
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Heavy ions: more than 40 years

1974-1975

GSI-Marburg-Berkeley collaboration
R. Bock, R. Stock, H. Gutbrod et al.
Bevalac / Bevatron: E,_ /A~ 1 GeV

1986: AGS (BNL) and SPS (CERN)  REAVY fon ceaws,

1992: SIS (GSI) N

2000: RHIC (BNL)

WHAT NEXT ? ety
2010: LHC (CERN)
FUTURE: FAIR, NICA (JINR) ....... FCC
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FCC layout
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FCC-HI: other ion species FCC

e From injectors: possibly similar number of charges per bunch — more ions per
bunch for lower Z

e Reduced contribution of ultra-peripheral electromagnetic processes:
o(bound-free pair production) ~ Z’ o(EMD) ~ Z¢

Increased luminosity Inst. Nucleon-Nucleon Luminosity per Bunch

lifetime: -
2.0 — art0
— Cphd
— | —_ Xel29
15 — Aul97
e | — Ph20R
E . = 23R
E:'I 1 U. ——
= nucleon-nucleon
Z Luminosity
Foa
F05

0.0
0 5 10 15 20

time [h]

Physics cases will be studied
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