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What is a small system for QGP physics?

» The name « small systems » appeared at LHC Run |, it is now a session at Quark
Matter, it is a recent aspect of heavy-ion physics

» Itis a « fourre-tout » that sometimes refers to new phenomenon between RHIC and
LHC connected to pp and p-A systems

» A nonofficial translation could be "system a priori too small to show characteristics of
heavy ion physics and however in which we observe them, at least some ”.

» Caveats « a priori too small » is not defined ...

sarah.porteboeuf@clermont.in2p3.fr



What is a small system for QGP physics?

 Nature Physics 13 (2017) 535-539

§ 40 b D
» "A priori small” refers to system size: protons in 310_1 N ! K|
initial stage 2
O
©
>
» But with sometimes a final state looking like a °
large system, at least for charged particle T
multiplicity
1021 HH’DH] Q40" (x16) ]
» For LHC RUN 1+2 energies, idea of reference i ﬁ# ]
system still valid for pp minimum bias. High I M .
multiplicity events represent a small contribution i s pp s =TTV
to the total cross section i l O PoPh e ~276TeV |
0(10%) in statistics —— PYTHIAS
e DIPSY
----------- EPOS LHC
10— ol
10 10° 10°
<chh/d 77>m|< 0.5

pp/pA/AA at the same multiplicity, is it the same behavior, role of geometry?
How is done the transition from small to large ?
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PP,
Min. Bias

Pb-Pb, low centrality

86£S0€1-P10224/S4D

Antonin.MAIRE@cern.ch — ALICE IPHC / Conseil Sci. 2018
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Quark-Gluon Plasma

» |Is the measurement the consequence of the evolution of a hydrodynamic fluid?

» Warning: hydro application do not necessarily imply QGP

» Hydro requires R, >> 1 => small g, with R, the Reynolds number:

R: characteristic spatial dimension
v: characteristic velocity

v n/p n/s v = %: kinematic velocity

n:. shear viscosity
s: entropy density

» Small /s (<0.2) is a feature of observed QGP
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Quark-Gluon Plasma

Which system is suited to test properties of thermal QCD

High mult.p— A ?
At which stage?

At which
mult.?

High muilt.
pp ?

Courtesy of M. Winn

_ thermalized

as described by Lattice QCD ?

._ ~(nearly)ideal” ‘
- liquid -

Viscous/anisotropic
hydrodynamics
| 7applicable

> collectivity
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A-A?
At which stage?
~__ Which centrality?

~ What do we call sQGP?

What do we call ,medium*“?




Sign of QGP in small systems at LHC ?

Table prepared by the WG small systems from the HL/E-LHC working group
See the yellow report, in preparation, for references (140)

Observable of effect

Pb-Pb

pPb (high mult)

pp (high mult)

SOFT Probes

low p; spectra (“radial flow") yes yes yes
Intermediate p; ("recombination") yes yes yes
HBT radii Rout/Rsige~1 Rout/Rside € 1 Rout/Rside € 1
Azimuthal anisotropy (v,) (2 prt. correlations) Vi-Vy V;-Vg VoV,
Characteristic mass dependence Vy-Vg Vy-Vg Vv,
Higher order cumulants "4~6~8 " + higher harmonics "4~6~8 " + higher "4~6 "+ higher
harmonics harmonics

Event by event v, distributions n=2-4 Not measured Not measured
Event plane and v, correlations yes yes yes
HARD Probes
Direct photons at low-p+ yes Not measured yes
Jet Quenching yes Not observed Not observed

Quarkonia

J/¥ regeneration / Y supression

suppressed

Not measured

Heavy-flavor anisotropy

yes

yes

Not measured
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Sign of QGP in small systems at RHIC?
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» PHENIX claim for
QGP in small
systems ...

> ... also explained

by CGC.



Sign of QGP in very small systems ?

I PRELIMINARY

e oo "« The first two-particle correlation analysis in e*e-performed in
SnmeitngoHy bins of event multiplicity up to N = 35 - 55
e « No significant ridge signal is observed in beam axis analysis QM2018, Yen-Jie Lee

®a 2
TZ15

« Thrust axis and jet region veto are employed to enhance the > LEP e*e"Vs=91 GeV

signal from soft radiations
>“ + No significant difference between ALEPH LEP1 data and » High mult = 55 particles in |n|<5
mooeeunsy  PYTHIAG observed

ALEPY e’ 18-

2

2

1"« No evidence of the final state effect in the probed event > No ”dge observed, Compatlble with

go.n, o I multiplicity ranges: PYTHIA
g oo A » An important reference of the ridge signal observed in pp,

ot pA, dA and AA collisions

Tttt " Y o LEP2 Data analysis (up to v/5~208 GeV) ongoing... stay tuned!
Illil_ Yen-Jie Lee (MIT) Two-Particle Correlation in e+e- with ALEPH archived data 31 = Ad

Multiplicity-dependent c3{2} and c¢;{2} with increasing n-separation QM2018, Jacobus Onderwaater

> HERA ep Vs=318 GeV

os ZEUS Preliminary n ZEUS Preliminary
e [[]  loweceves A Toosf  [levecevasp’ e » High mult = 35 particles in -1.5<n<2
. 01 <p_r <5.0 GeV/c [e]os i 01< pT <5.0 GeV/e [e]os
| -15<n<2.0 [=]1.0 0.04 |- 1.5<n<2.0 []1.0 ] )
005~ |, 15 s » No observation of 2-particle
o \IlZ.O 0.02 - . . .
L — : correlations, compatible with Ariadne
o[ e T °F (dipole cascade model) and Lepto
i R 00z (Lund string)

Nl:h
|An| > 2.0: c3{2} and c4{2} are consistent with zero.
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Questions: "QGP droplets" ?

» What is the smallest (in terms of size and energy content) droplet of QGP to
which a fluid dynamical description can be applied?

» When one selects high multiplicity final states in p/dA collisions or pp collisions,
what features of the initial state or of the subsequent dynamics are being selected?
If by selecting high multiplicity final states one is selecting collisions in which
droplets of QGP are formed, how large are the protons in the initial states of the
selected collisions? And, how large are the droplets of QGP that are formed?

Thoughts on opportunies from high-energy nuclear collisions https://arxiv.org/abs/1409.2981

» Est-ce que les mécanismes d’équilibration du systéme sont encore plus efficaces
gu’anticipé et rendent I’équilibration jusqu’a la thermalisation possible méme dans
les plus petits systemes en collision ? Ou bien est-ce que d’autres mécanismes
entrent en jeu et miment un comportement collectif méme dans les collisions
noyau-noyau ?

Document ALICE, CS IN2P3
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Questions: QGP droplets / hard probes
in medium interaction

» How is the onset of collective bulk dynamics in small systems correlated with hard
probes of the medium, such as jet quenching and quarkonia?

Thoughts on opportunies from high-energy nuclear collisions https://arxiv.org/abs/1409.2981
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Questions: Initial state

» Sides phénomenes collectifs sont possibles dans les petits systémes, quels sont
les mécanismes qui permettent d'atteindre la densité d'énergie normalement
associée a la transition de phase ?

» Quelles sont les variables les plus pertinentes pour différencier les collisions d'ions
lourds, i.e. le nombre et la nature exacte des participants dans |’état initial
(nucléons, clusters partoniques, partons, condensat de couleur, ...) ?

Document ALICE, CS IN2P3

sarah.porteboeuf@clermont.in2p3.fr
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Questions: Unified description of hadronic
collisions

» How does collectivity emerge as a function of system size and energy density? What
are the relevant scales (time, energy, size) controlling the degree of collectivity
observed in the final state?

» To which extent can a collective effect observed in a larger system be reduced to a
superposition of more elementary collisions? Can this experimentally be studied by
selecting events in which properties of either the smaller system or new collective
effects are enhanced?

Thoughts on opportunies from high-energy nuclear collisions https://arxiv.org/abs/1409.2981
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After LS2: Run 3+4

LHC upgrades (LIU + HL-LHC): parameters and timeline

HL-LHC:

Nominal LHC: Vs =14 TeV, L= 1x103* cm2s
Integrated luminosity to ATLAS and CMS: 300 fb-! by 2023 (end of Run 3)

Vs =14 TeV, L= 5x103* cm2s? (levelled)
Integrated luminosity to ATLAS and CMS: 3000 fb! by ~ 2035

LHC

Run 1

Run 2 | |

13 TeV B 13514 Tev

Run3

HL-LHC

14 TeV
energy

507 x
nominal
luminosity

EX 150 ! f

gz (Lil('z:l?-_ZO%O): —— LS3 (2024-2026):

Q  Civil :rjleg?nzl;srinzgf:)ar :L( LHé equipment @ P1,P5 =) G 2 ELE

O 11T dipoles P7 L Phase-2 upgrade of ATLAS and CMS

L Phase-1 upgrade of LHC experiments - 13
ECFA meeting, CERN report, Fabiola Gianotti
https://indico.cern.ch/event/667672/contributions/2729660/attachments/1559939/2455491/PECFA-2017 .pdf
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Warning : heavy ions and particle physics
timeline

> For the heavy-ion community HL-LHC starts at RUN 3 (2021-2023)
> For the particle physics community HL-LHC starts at RUN 4 (2026-2028)

In the following, timeline with run number for clarity : 3+4 and 5+6

Simulations prepared for the Yellow report (HL-LHC working group) are
based on RUN 3+4 estimates

sarah.porteboeuf@clermont.in2p3.fr
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Run 3+4

» Increase in energy, pp to 14 TeV, important for high mult in small systems

» Increase in luminosity, also important for high mult in small systems

» The yellow report will contain predicted
number of events at a given multiplicity
based on extrapolated multiplicity

distribution

» Run 3+4 running conditions are

favorable for small systems studies in

=

L=
=
P
(5

1r
107}
102

Plo-Pb 5.5 TeV

p-Fb 5.5 TeV

10°%)

high multiplicity environment (statistics
hungry), be carefull of pile-up

10"
10"}
10"
10"

M., (Il = 1.5)
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Run 3+4: Flow/Correlations

https://indico.cern.ch/event/686494/contributions/3034636/attachments/1670133/2678939/HEHLLHCWorkshop_v3.pdf

» Precise control over IS (geometry/fluctuations) and FS effects
» Onset of collectivity
» Test various description (hydro, CGC)

» Non-flow v, measurements
» Symetric cumulants w and wo subevents
» ID v, (light, strange, charm, beauty)

§>N B p-Pb, | 5,,=8.16 TeV ALICE Upgrade projections E‘IIE_PI"!'.'U'E'E'!IEII'I — F'IFIDIE"?ET'E'II"I
B Jhy
02F o Heyivosss LP =500 nb’ - @ Prompt iy, 286 <y <-186 0B <y <184 -
"~ Pb-Pb, 2.5<y""<4, | 5,,,=5.02 TeV L::::'Pb =10 nb™ Q.2 u F[I{'m:'l e Stal. Unceart
- —o—— 5-20% [ . ]
| ———— 20-40% . i He.-1ab <y <08 |_|L..,. = 500 nb " _
- . - L lw=2p0"
0. el g [ - |
‘u "o
[ [ [ | » I
| Transport model, Pb-Pb, 20-40%, 2.5<y”"<4, | 5,,,=5.02 TeV 0.0 J _‘* _________ =
[ Inclusive Jiy
.. | | PrimordIiaIJ/w | | | ; | 185 = r'f:" = 250 ‘ -
| B O [ G R DG O8O O B S OO O G O8O O R R I . . , I , , , I
0 1 2 3 4 5 & G? » 8 5 2 r 5 5
p;" (GeVic) p_(GeV)
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Run 3+4: Strangeness enhancement

https://indico.cern.ch/event/686494/contributions/3034636/attachments/1670133/2678939/HEHLLHCWorkshop_v3.pdf

g
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[72]
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©

» Smooth transition between pp, pPb and %
PbPb o 10%

» |s the grand canonical limit reached?

10°®
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ALICE Upgrade projection

| Statistical uncertainties only

Multiplicity slicing with mid-rapidity estimator

L
o
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o0 e EPOS LHC

ALICE

pp, \s =7 TeV Nat. Phys. 13 (2017) 535-539
p-Pb, | s,y =5.02 TeV PLB 728 (2014) 25-38
Preliminary Pb-Pb, | 5,,, = 5.02 TeV

Projection for 5.5 TeV pp, 6 pb™’
Projection for 14 TeV pp, 200 pb ™
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o, v
"'u,“ .Q~
'y, »
iy, .
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10
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Hpr

Run 3+4: D measurements

» Large increase of precision help to reach high multiplicities and data/theory

comparison

> 1 E T T T T LI I B T T T T 3
1T 1 1 | T 1 171 I LI I L T 1T 1771 T 1T 171 [ T 1T 1 71 1 T 1T T 1 _] E E . E
1.8~ ALICE Upgrade projection D mesons ] ' - 3
p-Pb, | sy = 5.5 TeV -0.94<y__ <0.04 . g B - i
1.6~ —e— [, =50nb" (D, pp reference: L, = 1.5pb™, 15 = 5.5 TeV - 81 0'E" . - . O
—— 1, =292 ub" (Average D°,D",D", Preliminary Run 2) . 2 = "o =
tag- -1 8 L . .
] @ B n 7]
1.2 — a2 L —
1 B0k -
1 - 2 .
il 1 8 = - -
0.8 = H0E " . E
] = ALICE Upgrade projection e
0.6% Ve CGC (Fujii-Watanabe) — " pp\s=7TeV .
: ———— FONLL with EPPS16 nPDF ] [ D’meson, ly|<0.5, 2<p_< 4 GeV/c ]
048/ e Vitev et al.: power corr. + k; broad + CNM Eloss 104 = ® L, =5nb", JHEPO9 (2015) 148 =
0.0 ERERER - Duke B - W L,=6pb’ ]
: —— . = POWLANG (HTL) B WL, =200pb .
O L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 | L1 1 1 I L1 1 1 ‘ L1 1 1 ‘ 11 1 1 1 1 0_5 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
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Run 3+4: Open questions

1) What is the best system size estimator?

>

Multiplicity is the measured quantity (caveats: experimental estimator has
to be well defined)

Multiplicity is protected from theoretical biases (N, N, from Glauber
models ...)

But hard to compare to formal calculation and first principle

What about initial energy density or multiplicity per volume unit ?

Bjorken estimates Multiplicity per volume unit
¢ T0A2 dn =0 R3

Problem of the definition of the normalization size in pp and p-Pb (A or R or ?)
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Run 3+4: Open questions

2) Role of geometry / system size on hydro evolution in small system
pp high mult has a small size

Hydro can be applied out of equilibrium even if R, do not satisfied the
condition R, >>1

3) Energy loss definition
How to define jet-medium interaction in small systems
Energy loss proportional to system size => in small system, effect is small
How to define the reference ?
Ideas: jet asymmetry, jet substructure, Z-jet, photon-jet

4) Global interpretation and systematic data/theory comparison
Rivet, see for example the workshop Rivet for Heavy lon (21-24 Aout)
https://indico.cern.ch/event/735911/

Run 3+4 physics program with planned detector upgrades is
very promising for small systems

sarah.porteboeuf@clermont.in2p3.fr 21
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What’s next ?

Dreaming of an ideal physics program for small systems

To explore fundamental QCD questions raised by small systems:

» System scan

Cover a wide range of systems (pp, pA and AA) with various nucleus
0O-0 as a ”light heavy-ion” a good candidate

» Energy scan
Cover a wide range of energy with pp and pA at the same energy as AA

» Perform all measurements in multiplicity classes, multiplicity differential

The highest multiplicity classes are the more interesting for small systems,
analysis are statistic consuming => Dedicated triggers and high lumi

» Go toward more exclusive observables (soft-hard correlations) full
tomography of the final state

» Systematic data/data and data/theory comparisons from all systems and
all energies in similar multiplicity classes

sarah.porteboeuf@clermont.in2p3.fr
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What’s next ?

Dreaming of the ideal detector for small systems: ALICMSb

1. Hermeticity = large n coverage
2. Tracking low p; >0 GeV/c
= low B field

= low material budget

3. PID over a large p; range
No TPC (slow), No Cerenkov (material budget)

4. Electromagnetic and hadronic calorimeter
5. Muon chambers 4w

6. Computing ressources

sarah.porteboeuf@clermont.in2p3.fr
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What'’s next ? LHC Run 5/6

ALICE upgrades ?

» Not yet an official proposal

» for a 4w compact silicium detector with very low momentum resolution (p; >
20 MeV) with PID and TOF

» ldeal for charged tracks, photons and electrons

LHCb upgrades ?

» Not yet an official Expression of Interest,

» plan to run with the actual CMS/ATLAS lumi (103* pile-up 30/40) with the HLT
developed for Run 3/4 (very fine event topology selection)

» Providing reconstruction software development LHCb could be able to measure
central heavy ion collisions at Run 5/6.

sarah.porteboeuf@clermont.in2p3.fr
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What'’s next ? LHC Run 5/6

CMS upgrades ?

» Hermeticity with low material budget.
» Potential for dedicated run at "low” lumi and low B field (low py).
» Tagger = TOF PID at low pile-up ?
Already planned for Run 4 p/K/m with 0.7 <p;< 3-4 GeV/c
https://indico.cern.ch/event/726024/

ATLAS upgrades ?

> Not evaluated

Can we develop a physics program for small systems (example
of p-Xe, 0-0, p-0) and energy scan at Run 5/6 ?

sarah.porteboeuf@clermont.in2p3.fr
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What'’s next ? Fixed target at LHC

> AFTER program

arXiv.org:1807.00603

Vs =115 GeV for pp, pd,pA and Vs = 72 GeV for Pbp, Pbd, PbA
High luminosity => high stat

e 2 programs: LHCb (already existing with SMOG) and ALICE

Multiplicity class reached with the available luminosity to be estimated

If high multiplicity reached at lower energy (below RHIC), interesting system scan to
study the onset of collectivity

 LHCb in RUN 3+4: increase by a factor 100 with SMOG2 (see F. Fleuret talk on
Monday)

sarah.porteboeuf@clermont.in2p3.fr
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What’s next ? CERN HE-LHC/FCC/SPPS

» Essential for small system study: increase in multiplicity, increase in energy density
=> Increase in collision energy

» Future colliders at energies greater than LHC: natural continuation of small systems

StUdy Physics at a 100 TeV pp collider: Standard Model processes
4 arXiv:1607.01831v1
—-510 - Charged multiplicity {nl<1)
. = : —— EPOS LHC
hd HE-LHC, upgrade LHC with FCC E i —  QGSJET Il 04
: : - PHOJET 1.12
techr-lology, ?7 TeV, earliest possible Y THIA 5.428 (Perugia 350 bune)
physics starting date : 2040* 102 Xy, - PYTHIAB.1T (Monash tune)

pp, (5=100 TeV

e FCC-hh, 100 TeV, earliest possible

physics starting date : 2043* 10°

* SPPS, chinese project at 100 TeV, FCC
like

1D-.‘.IIIIIIIII|I|III.Il.IllllllllllLI.IIIH.I

0 20 40 60 80 100 120 140 160
N

ch

Starting physics in 20 to 30 years, but machine design, detector design is starting now!
Full simulation in preparation

* ECFA meeting, FCC report, Michael Benedikt
https://indico.cern.ch/event/667672/contributions/2730846/attachments/1560446/2456317/171117_FCC-Status_Berlin_ap.pdf
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What’s next ? EIC

» Electron lon Collider, first physics beam in 2027 (~10 years)

VAT FFAG Recirculating Electron Rings ERL Cryomodules
1.3-5.3 GeV A,q >
6.6-212Gev £ St
.6-21.2 Ge'
R Dump
lon Collider Ring
Interaction Point e - Ener
—— *x—- Interaction Point Coherent Recovgeyry
—— - £ 3 Electron Cooler Linac, Polarized
Electron Collider Ring Bstetar 1.32 GeV Electron
lon Source SOce
Electron Source Detector |
hadrons
Detector Il
electrons
A 100 meters
" From AGS

» Interest for small systems

* I|nitial state (CGC, nPDF)

* Hadronization

* Centrality definition

sarah.porteboeuf@clermont.in2p3.fr
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La communauté francaise sur cette
thématique

> |’ensemble des analyses « QGP » contribuent a la « physique des petits systemes »

> Auxquels ont peu ajouter pp/pA en fonction de la multiplicité ou dans des
bins de hautes multiplicités

> Tres forte corrélation avec les autres groupes de travail

> Un élément important est l'interprétation des données : mise en perspective,
comparaison systématique, comparaison avec la théorie
Contribue a une redéfinition du sujet : vision d’ensemble des collisions hadroniques

La communauté francaise a contribué activement a la question des petits
systemes au niveau expérimental et théorique.
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Conclusions

> Recent concept of « small systems » enlight more fundamental questions on
QCD and the onset of collectivity in hadronic collisions

> Run 3+4 with energy (pp 14 TeV) and luminosity increase will provide statistics
increase to test pp/p-Pb in high multiplicity classes and Pb-Pb

» ldeal future for small systems
* System scan
* Energy scan
e Analysis in multiplicity classes
» Systematic data/data data/theory comparisons

Potential for a physics program to study small systems at Run
5/6 up to FCC!
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Run | et Il — sondes molles

Vn .
- with {N}-cumulants ? CMS, p-Pb, http://arxiv.org/abs/1502.05382

- v2 PID mass ordering :
- ALICE v2(pi,K,p) http://arxiv.org/abs/1307.3237
- CMS, v2(D° KOs, A\, =, Q) p-Pb :
https://arxiv.org/abs/1804.09767

Renforcement de la production I'’étrangeté avec dNch/dn ++

<pT>

33


http://arxiv.org/abs/1502.05382
http://arxiv.org/abs/1307.3237
https://arxiv.org/abs/1804.09767

Run | et || — sondes dures

RpA sonde dures

NOTE :
v2 DO, v2 (J/psi )# 0
- ALICE, v2(J/psi): https://arxiv.org/abs/1709.06807
- CMS, v2(D% KOs, A, =, Q) p-Pb : https://arxiv.org/abs/1804.09767
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Run | et Il — corrélations

Quarkonia/open charm vs.
mult

CMS
ridge

Sphericit
e
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What’s next ? CERN HE-LHC/FCC/SPPS
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((F55)) Future Circular Collider (FCC) Study

International FCC

collaboration (CERN as " F Y E e

host lab) to study: R -\

« pp-collider (FCC-hh) <€ | -
> main emphasis, defining Experiments
infrastructure requirements

~16 T = 100 TeV pp in 100 km |

e ~100 km tunnel
infrastructure in Geneva

Schematic of an

80 . 100 km . ) R&D Programs
4 long tunnel area, site specific
3 « e*e collider (FCC-ee), y
as potential first step e % =
« HE-LHC with FCC-hh w N
technology — -
Infrastructures Cost Estimates

« p-e (FCC-he) option, IP
integration, e- from ERL

* ECFA meeting, FCC report, Michael Benedikt 37

https://indico.cern.ch/event/667672/contributions/2730846/attachments/1560446/2456317/171117_FCC-Status_Berlin_ap.pdf



((EES)) Fee study: physics and performance targets

FCC-ee:

* Exploration of 10 to 100 TeV energy scale via couplings with precision measurements

» ~20-50 fold improved precision on many EW quantities (equiv. to factor 5-7 in mass)
(m; my, my,,sin? 0,5, R, aigep (M,) a (M, my, m,), Higgs and top quark couplings)

» Machine design for highest possible luminosities at Z, WW, ZH and ttbar working points

FCC-hh:
* Highest center of mass energy for direct production up to 20 - 30 TeV

* Huge production rates for single and multiple production of SM bosons (H,W,Z) and quarks
» Machine design for 100 TeV c.m. energy & integrated luminosity ~ 20ab! within 25 years

HE-LHC:

e Doubling LHC collision energy with FCC-hh 16 T magnet technology
* c.m. energy =27 TeV ~ 14 TeV x 16 T/8.33T, target luminosity = 4 x HL-LHC
» Machine design within constraints from LHC CE and based on HL-LHC and FCC technologies

* ECFA meeting, FCC report, Michael Benedikt 38
https://indico.cern.ch/event/667672/contributions/2730846/attachments/1560446/2456317/171117_FCC-Status_Berlin_ap.pdf



(GED)

parameter

Z

WW

H (ZH)

FCC-ee collider parameters

ttbar

beam energy [GeV] 45 80 120 175 182.5
beam current [mA] 1390 147 29 6.4 5.4
no. bunches/beam 16640 2000 393 48 39
bunch intensity [101] 1.7 1.5 1.5 2.7 2.8
SR energy loss / turn [GeV] 0.036 0.34 1.72 7.8 9.21
total RF voltage [GV] 0.1 0.44 2.0 9.5 10.9
long. damping time [turns] 1281 235 70 23 20
horizontal beta* [m] 0.15 0.2 0.3 1 1
vertical beta* [mm] 0.8 1 1 2 2
horiz. geometric emittance [nm] 0.27 0.28 0.63 1.34 1.45
vert. geom. emittance [pm] 1.0 1.0 1.3 2.7 2.7
bunch length with SR/ BS [mm] 3.5/12.1 3.3/7.6 31/4.9 25/3.3 25/3.2
luminosity [1034 cm2s1] >200 >30 >7 >1.5 >1.3
beam lifetime rad Bhabha / BS [min] 70/ >200 500/ 20 42/ 20 39/24 39/25

* ECFA meeting, FCC report, Michael Benedikt

https://indico.cern.ch/event/667672/contributions/2730846/attachments/1560446/2456317/171117_FCC-Status_Berlin_ap.pdf
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(GG== >) FCC-hh detector — new reference design

6T, 12 m bore solenoid, 10 Tm 4 T, 10 m bore solenoid, 4 T forward
dipoles, shielding coil solenoids, no shielding coil

» 65 GJ stored energy * 14 GJ stored energy

« 28 m diameter » rotational symmetry for tracking!

* >30 m shaft ) « 20 m diameter (~ ATLAS)

« multi billion project * 15 m shaft
» ~1 billion project

latest ¥ =40 m

* ECFA meeting, FCC report, Michael Benedikt 40
https://indico.cern.ch/event/667672/contributions/2730846/attachments/1560446/2456317/171117_FCC-Status_Berlin_ap.pdf
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0 Technical Design Phase b St'rategy' Upda.te 202'6 - as.sumec'! proj;ct de;:isionl
—— f 1 T
Dipole short models - T
Dipole long models
é 16 T dipole indust. prototypes 16 T m agn EtS
‘Ec%’ - 16 T dipoles preseries
O - -
2 1 L1 1 1 | T !-- 16 T series production 1 1
o Civil Engineering FCC-hh ring J
3 CETLtoLHC | LHC Modification FCC-hh
g B . " |nstallation+testFCC-hh
3  — CE FCC-ee ring + injector --
(&) ———_‘-—_——-——u
2 Injector Fcc-ee
.* Installation + test FCC-ee k 1 1
%—' T T T 1 L —
2 | schedule constrained by 16 T magnets & CE HE-LHC

—L — earliest possible physics starting dates
 FCC-hh: 2043
+ FCC-ee: 2039
 HE-LHC: 2040 (with HL-LHC stop LS5/ 2034)

* ECFA meeting, FCC report, Michael Benedikt 41
https://indico.cern.ch/event/667672/contributions/2730846/attachments/1560446/2456317/171117_FCC-Status_Berlin_ap.pdf



