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FCC Study Status and Plans 
Michael Benedikt
3rd FCC Week, Berlin, 29 May 2017

Scope of FCC Study
International FCC collaboration 
(CERN as host lab) to study: 
• pp-collider (FCC-hh)       
Æ main emphasis, defining 
infrastructure requirements 

• ~100 km tunnel infrastructure    
in Geneva area, site specific

• e+e- collider (FCC-ee),                
as potential first step

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

• HE-LHC with FCC-hh technology
• CDR for end 2018

~16 T � 100 TeV pp in 100 km

Scope of FCC study

[Slide from Michael Benedikt - FCC week Berlin 2017]



Ions at FCC-hh Working Group:
Coord: A. Dainese, S. Masciocchi, CAS, U. Wiedemann 
Sub-group of “FCC-hh Physics, Experiments, Detectors” 
Participation of CERN Beams dep. (J. Jowett, M. Schaumann) 
Contact with HI theory group of chinese project CEPC-SppC 

Twiki https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HeavyIons 

6 workshops/meetings 2013-15
https://indico.cern.ch/event/331669/ and links therein 

Report included in the CERN Yellow Report in FCC-hh Physics 
 [arXiv:1605.01389, CERN Yellow Report (2017) no.3, 635-692] 

60 pages, about 50 authors 
Section editors: N. Armesto, A. Dainese, D. d’Enterria, J. Jowett, 

J.P.Lansberg, G. Milhano, C. Salgado, M. Schaumann, M. van 
Leeuwen, U. Wiedemann 
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HIC - Organization

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HeavyIons


Michaela Schaumann 
FCC week Berlin - May 2017 
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PbPb/pPb parameters

4

110 29.000

10x the whole LHC 
heavy ion program 

(~100 nb-1) in 1 run…



Physics
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Quark-Gluon Plasma studies
Global and collective 

Jet quenching and hard processes

Small-x physics and initial stages
nuclear PDFs 

CGC/Saturation 
Thermalization

Photon-photon (and other UPC) collisions

Also fixed target, and other opportunities

Very high energies and luminosities



Global properties
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Table 2: Global properties measured in central Pb–Pb collisions (0–5% centrality class) at
p
sNN =

2.76 TeV and extrapolated to 5.5 and 39 TeV. The measurements at 2.76 TeV [9–14] are reported for
comparison only and without experimental uncertainties.

Quantity Pb–Pb 2.76 TeV Pb–Pb 5.5 TeV Pb–Pb 39 TeV
dNch/d⌘ at ⌘ = 0 1600 2000 3600
Total Nch 17000 23000 50000
dET/d⌘ at ⌘ = 0 1.8–2.0 TeV 2.3–2.6 TeV 5.2–5.8 TeV
Homogeneity volume 5000 fm3 6200 fm3 11000 fm3

Decoupling time 10 fm/c 11 fm/c 13 fm/c
" at ⌧ = 1 fm/c 12–13 GeV/fm3 16–17 GeV/fm3 35–40 GeV/fm3

Fig. 2: Left: space-time profile at freeze-out from hydrodynamical calculations for central Pb–Pb colli-
sions at

p
sNN = 5.5 TeV and 39 TeV. Right: time evolution of the QGP temperature as estimated on the

basis of the Bjorken relation and the Stefan-Boltzmann equation (see text for details).

multiplicity at FCC energy is of prime importance for the fluid dynamic expansion, since it constrains a
central characteristic of the initial conditions, namely the entropy density at initial time. More precisely,
for a general viscous dynamics, the second law of thermodynamics implies that the final multiplicity puts
an upper bound on the initial entropy. However, the QCD matter produced in heavy-ion collisions shows
very small dissipative properties at TeV energies and is thus expected to follow a close to isentropic
expansion: the initial entropy density is then fixed by the final event multiplicity. The

p
s-dependence

of fluid dynamic simulations of heavy-ion collisions thus results mainly from the increase in event mul-
tiplicity with

p
s. To illustrate the impact of the expected multiplicity increase from LHC to FCC, we

have run a simplified fluid dynamic simulation for a central Pb–Pb collision. The radial dependence of
the energy density in the initial conditions was chosen to be determined as the smooth nuclear transverse
overlap function of two Wood-Saxon profiles, neglecting any possible energy dependence and fluctu-
ations. Using a standard parametrisation of a realistic QCD equation of state and minimal dissipative
properties (shear viscosity to entropy density ratio ⌘/s = 1/4⇡), we show in Fig. 2 (left) results for the
freeze-out hypersurfaces of central Pb–Pb collisions at different collision energies. This figure quantifies
the naive expectation that the denser system created at higher collision energy has to expand to a larger
volume and for a longer time before reaching the freeze-out temperature at which decoupling to hadrons

10

Temperatures
close to 1GeV ?

~charm mass

Notice that 
T~1GeV means 
eps~2 TeV/fm3



Heavy quarks
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What changes expected if temperatures ~ charm mass?

Thermal charm J/Psi and Upsilon 
Enhancement?



Small vs large systems
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Fig. 4: Extrapolation of the charged-particle multiplicity distribution (|⌘| < 1.5) in pp collisions top
s = 100 TeV, based on a negative binomial distribution.

collisions, even v3 anisotropy as seen in collisions between large nuclei [24–30]. The hints for a collective
nature of the azimuthal anisotropy seen in p–Pb collisions were reinforced by measuring its higher-order
cumulants. New pp data from ATLAS and CMS indicate that the long-range ridge correlation may well
extend all the way down to minimum bias collisions (if not below), though differences in the analysis
techniques warrant further scrutiny. These recent findings raise fundamental questions about whether
the flow-like patterns in small and dense systems are only similar in appearance to what one observes in
heavy-ion collisions, or whether the idea of a minimal scale for the onset of collective phenomena needs
to be revisited.

In general, the experimental study of flow phenomena in hadronic collisions aims at disentangling
flow effects from non-flow contributions. Simple non-flow effects can arise for instance from resonance
decays or (mini)jets. The energy-momentum constraints of these elementary particle production pro-
cesses lead to patterns in the two-particle correlations that share at least qualitative commonalities with
the patterns measured in the harmonic flow coefficients vn, in the ideal case of zero non-flow correla-
tions. However, a collective phenomenon is shared by many if not all particles in the event, rather than
by the few particles associated to the same microscopic production process. The ability to disentangle
collective correlations from confounding factors, therefore, increases with event multiplicity. This is
seen most explicitly in the so-called cumulant analysis of flow coefficients, via which one tests whether
an assumed collective effect persists with equal strength when searched for in multi-particle correlations
involving higher number of particles. It is an important limitation of the current discussion of the system
size dependence of flow at the LHC that the multiplicities in pp collisions are still too small to allow for
the same cumulant analyses of flow coefficients that are standard in heavy-ion collisions. The increased
event multiplicity in pp collisions at the FCC will overcome this problem.

Fig. 4 presents an extrapolation of the multiplicity distribution in |⌘| < 1.5 to
p
s = 100 TeV. The

extrapolation was obtained by fitting multiplicity distributions from 0.2 to 7 TeV with a negative binomial
distribution and extrapolating the parameters. To achieve a good description of the high-multiplicity tail
of the distribution, the lowest 30% of the multiplicity range was excluded from the fit. Including the low-
multiplicity range leads to a worse fit result and a wider extrapolated multiplicity distribution. Therefore,
the presented extrapolation can be seen as a lower limit of the possible reach. The high-multiplicity tail of
event-distributions in proton-proton collisions will become accessible at the FCC up to multiplicities of
at least 300 charged particles. This makes it feasible to apply statistically demanding analysis techniques
for the identification of flow-like phenomena, such as higher-order cumulant analyses, across system
size, including the smallest pp collision system.

13

Large multiplicities also in pp (or pPb)
Hydrodynamization/thermalization in small systems? 
Full thermalization in large systems?
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Huge cross section growth for harder probes

All calculations for pp collisions, computed with MCFM
 Large enhancements for larger masses
 80x for ttbar; 40x for Z+1jet (pt>50 GeV); 20x for bbar or Z
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FIG. 2. [LA: Reconstructed W jet mass normalised
distributions in two di↵erent bins of preco

t,top

. The blue
curves refer to the unqueched scenario while the full-
quenched refer to events in which all particles have
its momentum rescaled by 0.9. The filled region
show the events in which the W was not correctly
reconstructed.] [GPS: Should the “wrong b” case be
replaced by “mis-identified” and include cases also
where the W is not properly reconstructed? ] [GPS:
Double check the peak in the “wrong-b” case?]

rial, also the figure — Fig. 2 shows the distribu-
tion of mreco

W

in two bins of preco

t,top

. In each case we
show results with Q(t) = Q

0

= 1 (unquenched) and
with Q(t) = Q

0

= 0.9 (full-quenched). [LA: The
filled region] shows the rate of events in which
the top has not been reconstructed properly (e.g.
wrong b or failure to identify both W jets cor-
rectly). This is an issue mainly at lower p

t

values
and one sees that mreco

W

for these wrongly iden-
tified tops is relatively free of structure. Given
such a distribution from an event sample we then
fit a functional form

N(m) = a exp

� (m�mfit

W

)2

2�2

�
+ c , (3)

in a range [LA: ±22.5 GeV] centred initially on the
largest bin and refit around the resulting mfit

W

. To
aid fit stability, � is [LA: bounded to 7.5 GeV <
� < 22.5 GeV, a to be more than 60% of the high-
est bin and c to be less than 50% of the highest
bin.] ] [LA: Indeed, but I think it will be di�cult
to explain this without a picture. My sugges-
tion is to show a distribution with quenched (cor-
rect/wrong) /unquenched (correct/wrong) on the
left, and another one (maybe a ”nonW” sample),
on the right, with the resulting fit.]
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FIG. 3. [LA: Evolution of the reconstructed W jet
mass as a function of the reconstructed top p

T

and
the total delay time.] [GPS: Check how blue (un-
quenched) curve depends on

p
s [to establish whether

we need pp run at the same
p

s or not]] [LA: They
match. See the plots in Additional Information] [GM:
the notation ⌧ for the brick size is a bit misleading.i
amhappy with it being the time the brick exists] [LA:
I probably misunderstood what was decided on Mon-
day’s meeting... should we scale the luminosity of the
references (quenched and unquenched) by a factor 3
to reduce the statistical significance in this plot or
not?? I understand the argument of having the refer-
ences from pp, but to be consistent and avoid future
confusions, maybe not?]

Same but for di↵erent ⌧0’s

RESULTS

Fig. 3 shows mfit

W

as a function of preco

t,top

for di↵er-
ent quenching scenarios. In order to examine a wide
range of p

t

the results are shown for a future circular
collider with nucleon-nucleon centre-of-mass energy ofp

s
NN

= 39 TeV and an integrated luminosity L
PbPb

=
30 fb�1[CAS: [10]]. The points correspond to the mean
of many pseudo-experiments and the width of the bands
corresponds to the standard-deviation of those pseudo-
experiments, i.e. the likely error from a single experiment.
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tigation of the potential of using top quarks for probing
the time structure of the QGP.

The average time before the W decay products start
interacting with the medium is taken as

h⌧i = �?,top

⌧
t

+ �?,W

⌧
W

+ ⌧
d

. (1)

For the decay times, we use a transverse boost factor,
�?,X

= (m2

X

/p2

t,X

+ 1) 1
2 , defined in terms of the mass

m
X

, and transverse momentum p
t,X

of particle X. The
transverse component is the natural choice, because the
frame in which the top-quark has no longitudinal mo-
mentum is also the one in which it is most natural to de-
scribe its interaction with the (longitudinally-invariant)
Bjorken-expanding QGP. [GPS: Does this explana-
tion work?][CAS: I approximately does][GM: Do
we have to invoque longitudinal invariance? 3+1
hydro is not.] The average decoherence time is taken
to be [6]

⌧
d

=
✓

12
q̂✓2

qq̄

◆
1/3

, (2)

[CAS: factor 3 ! 12 corrected] where ✓
qq̄

is the open-
ing angle between the two decay products of the W , again
in a longitudinal frame where the z component of W mo-
mentum is zero. The quantity q̂ is the transport coe�-
cient of the medium. While in practice it is expected to
be a function of time, for our proof of principle illustra-
tion here, we take it to be constant, q̂ = 4 GeV2/ fm []
[CAS: ref needed?][GM: should we mention that
if it is decreasing in time, then dec times will be
longer. that this makes our delay estimates con-
servative]. The result of Eq. (1) is shown as a function
of the top-quark transverse momentum in Fig. 1, broken
into its three components, shown as stacked bands. The
range of p

t

’s shown is guided by what [GM: we believe
will be accessible at is expected to be accessible
at ]widely discussed scenarios of potential future collid-
ers [8, 10] [CAS: second reference is the chinese
coll.]. Top-decay, W -decay and decoherence represent
respectively about 40%, 30% and 40% of the total time.
At [LA: p

T

= 900 TeV, we have h⌧i ' 2.49 fm/c] To
get an event-by-event estimate of the interaction start
time, we associate each component with a randomly dis-
tributed exponential distribution. The dispersion �

⌧

of
the sum of the three components is also represented in
Fig. 1, [LA: as vertical black lines]. At high p

t

we have [LA: �
⌧

' 0.8⌧ ]. [LA: Instead of putting
numbers, I would refer to the supplement mate-
rial: The corresponding distributions, for di↵er-
ent p

T

bins are shown in the supllement mate-
rial.] [LA: Figure with q̂ = 1GeV 2fm�1 included.
Should we include a comment on 1) estimates for
the timescales vs luminosities for the LHC are
conservative (maybe when talking about Fig.4 at
the end of the paper - see numbers on final part
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Top decay Time
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FIG. 1. [LA: Total delay time and its standard de-
viation (markers and corresponding error bars), as
given by Eq. (1), for q̂ = 4GeV2/fm. The average
contribution of each component is shown as colored
stacked bands (see legend). For comparison, the total
delay time for q̂ = 1 GeV2/fm is shown as a dashed
line.][GM: ALL CAPTIONS HAVE TO BE TIDIED
UP]

of the manuscript)? Comment on the fact that
⌧
d

⇠ q̂�1/3 which means that a factor 4 in q̂ will
lead to a 20% e↵ect? (see numbers at Additional
information)]

Next, we comment on how we propose to probe jet
quenching and its time dependence in tt̄ production. The
cleanest method of studying jet quenching so far at the
LHC has been in events where a jet recoils against a
high-p

t

leptonically decaying Z boson (Z ! `+`�) [13].
The main observable with sensitivity to quenching is the
change in momentum balance between the jet and Z in
central PbPb collisions as compared to pp collisions. In
top production, we will concentrate on semi-leptonic tt̄
events, i.e. where one top decays to bW (W ! µ⌫), while
the other decays hadronically to bW (W ! jj). In a
system with so many final-state objects, momentum bal-
ance observables are likely to be rather poor probes of jet
quenching. [CAS: CHANGE – Instead we will ex-
amine the invariant mass m

jj

of the jj system, i.e.
of the hadronic W decay products. – BY Here,
we restrict our study to the invariant mass m

jj

of
the jj system, i.e. of the hadronic W decay prod-
ucts, and leave for future, more refined, studies
other possible observables.] In the pp events, [CAS:
m

jj

] is closely related to the W mass, modulo final-state-
radiation (FSR) e↵ects. The di↵erence in reconstructed
m

jj

in central ion-ion (AA) collisions as compared to pp
will be our measure of jet quenching.

5

Several bands are shown. Unquenched and full-
quenched are as defined above[GM: check that above
remains in the main text], i.e. Q(t) = Q

0

= 1 and
0.9 respectively. In an actual experiment, unquenched
results would come from the embedding of real tt̄ events
in a heavy-ion underlying event. Expected full-quenched
results could be obtained by measuring quenching in an-
other quark-jet dominated process (e.g. with �+jet or
Z+jet balance) as a function of the jet p

t

and then ap-
plying that quenching to the identified W decay products
of pp tt̄ events, again embedded in a heavy-ion underlying
event. These two bands can be seen as reference bands.
Since the luminosity of pp collisions should not be a limit-
ing factor, they are shown as being narrow. [LA: What
would be the equivalent luminosity? 100 nb�1?]

The quenched and full-unquenched bands have a mild
p

t

dependence. This is essentially because at low p
t,top

some fraction of FSR o↵ the W decay products is lost
from the R = 0.3 jets; as p

t,top

is increased the W de-
cay becomes more collimated and so more of that ra-
diation is captured and sometimes also some FSR from
the top-quark, potentially driving the mass above m

W

=
80.4 GeV. One subtlety is that in the full-quenched case,
for a given true p

t,top

, the resulting preco

t,top

is reduced, by
about 10%. However, given the large dispersion in the
relation between preco

t,top

and a given W ’s interaction start
time, such a 10% systematic shift is a secondary e↵ect.

Two [LA: Three?] further bands correspond to time-
dependent quenching rescaling factors, given as a func-
tion of the time ⌧ where the W decay products start
interaction, [CAS: Eq. (1)]

Q(⌧) =
✓

1� 0.1
⌧
m

� ⌧

⌧
m

� ⌧
0

⇥(⌧ > ⌧
0

)
◆

⇥(⌧ < ⌧
m

)

+ ⇥(⌧ > ⌧
m

) , (4)

This function corresponds to a toy conception of a
medium that quenches jets only between times ⌧

0

and ⌧
m

,
with a quenching proportional to the total time within
that window that the jet interacts. This is clearly a
gross oversimplification relative to realistic models of the
medium and jet quenching. However our intention is not
to carry out a fully realistic study (which would arguably
need more advanced simulation tools than are available
today), but rather to establish a proof of concept of sen-
sitivity to time-dependence of the heavy-ion medium.
[GM: we can discuss what the cases mean, most
quenching early on, etc.]

The band in [LA: yellow corresponds to ⌧
0

= 0,
⌧
m

= 2.5 fm/c.] One sees that at low preco

t,top

(small
⌧ est.), it is intermediate between the unquenched and full-
quenched cases, closer to the latter. As preco

t,top

(⌧ est.) in-
creases, the band moves towards the unquenched result,
largely merging into it for [LA: preco

t,top

= 700�800 GeV,
i.e. ⌧est. = 2.5�2.8 fm/c, which matches the choice
of ⌧

m

.] The band for [LA: ⌧
m

= 1 fm/c is clearly
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1−10 1 10 210 310

Ac
ce

ss
ib

le
 T

im
e 

(fm
)

0.5

1

1.5

2

2.5

3

3.5

4

Energy Configuration vs Timescale Sensitivity

 = 39 TeVs
 = 20 TeVs
 = 11 TeVs
 = 5 TeVs

FIG. 4. [LA: Reach in time for di↵erent collider en-
ergies versus luminosity. Still missing the pt axis on
the right and correct fm/c].[GM: Shoud a curve for
0.5 be included.][LA: No. Since I am using open bins,
ptop

T

> pcut

T

, the average of the total decay distribution
is truncated at ' 0.8 (see Additional Information).]

distinct, both in terms of the reconstructed W
mass at low preco

t,top

and in terms of the p
t

de-
pendence, remaining very close from unquenched
band while the band for ⌧

m

= 5 fm/c stays closer to
the quenched reference] Beyond [LA: p

t

= 800GeV ],
however, the number of events becomes insu�cient to
reliably distinguish between the full-quenched and un-
quenched scenarios. [CAS: Can we see this in the
Fig?]

[GPS: Show and comment on dependence on
initial time, t

0

??? If not, then simplify Eq. (4)?
Ideally in the same plot?] [LA: Probably, but I
guess we need to summarise something above...]

The results in Fig. 3 correspond to one specific col-
lider configuration. To appreciate what can be achieved
in other cases, it is useful to introduce the maximal sen-
sitive time ⌧

max

for a given collider energy and luminos-
ity, We define this by identifying the highest p

t,top

for
which [LA: the number of events below the recon-
structed peak in the fitting region is at least 100]
and then converting it to a ⌧ est. value. [LA: What I am
currently doing is run all the statistics, checking
the fraction of events that lies below the fit to
the mass peak (excluding the o↵set) and check
the luminosity for which this fraction, taking into
account the cross-section, represents at least 100
events.] Fig. 4 shows the accessible times as a func-
tion of luminosity for a range of collider energies. In
particular, at the LHC with

p
s

NN

= 5.5 TeV and
L

PbPb

= 10 nb�1, the reach is limited to [LA: 1 fm].
i.e. one may at most gain one or two useful bins in p

t

.
[GPS: Refine this comment once we have results]
[LA: These numbers will change when we decide
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S(x) for
A = 208 are shown for illustration.

show [147–149] finds a natural explanation in saturation models, but it is also shown by e.g. DGLAP
dynamics [150].

In order to firmly establish the existence of this new high-energy regime of QCD and clarify the va-
lidity of the different approaches to factorisation and evolution, new kinematic regions must be explored
using higher collision energies in order to have a large lever arm in Q2 in a region that, while perturbative,
lies inside the saturation domain. The FCC offers such energies and the possibility of combining proton
and nuclear beams, as required for a detailed understanding of the mechanism underlying saturation. In
Fig. 17 the coverage of the x–Q2 plane of present facilities (nuclear DIS and Drell-Yan experiments,
proton–nucleus colliders RHIC and the LHC in the left panel, and ultra-peripheral nucleus–nucleus col-
lisions at RHIC and LHC using exclusive quarkonium production in the right panel) is compared with
that of p–Pb collisions at FCC energies (proton momentum of 50 TeV and Pb momentum per nucleon of
19.7 TeV) and photon–Pb collisions at FCC energies (the latter will be discussed in Section 5.2). In the
left panel, the coverage is calculated for an experimental acceptance reaching rapidity in the laboratory
frame ylab ⇡ ⌘ = 6.6. The diagonal lines represent constant ylab values 0, 1, ..., 6. The estimate of the
saturation scale Q2

S(x) for Pb is also shown. The figure shows that coverage below the saturation scale is
much larger at FCC than at LHC, reaching for example down to x values well below 10

�6 and Q2 values
of 10–20 GeV2 at a rapidity of 5, which could be well within reach of an experiment at the FCC.

Establishing the dynamics at small x and the type of factorisation to be used to compute particle
production will constrain the initial conditions for the collective behaviour of the medium produced in
high-energy nucleus-nucleus collisions [151]. It will also clarify the dynamics leading the approximate
thermalisation or isotropisation [152] that allows the use of relativistic hydrodynamics to describe such
collectivity. Note that the extraction of properties of the QGP is significantly affected by both the initial
conditions and the pre-equilibrium dynamics, see e.g. [153]. The need for more precise information

28

Humongous increase in small-x reach
Improvements in nuclear PDFs and Saturation searches 
(also at large-x with tops or Higgs - new in HIC)
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Some example thresholds in the 
EWK sector of the SM

6 Contributions to other sectors of high-energy physics 14

6.1 Photon–photon collisions
In Section 5.2 we have discussed how the large electromagnetic fields produced by accelerated protons or
ions can be considered as quasireal � beams of very low virtuality. Photon–photon collisions in UPCs of
proton [182] and lead (Pb) beams [183] have been experimentally observed at the LHC [195, 207–209].
Although the � spectrum is harder for smaller charges –which favours proton over nuclear beams in the
production of heavy diphoton systems– each photon flux scales with the squared charge of the hadron,
Z2, and thus � � luminosities are extremely enhanced for ion beams (Z4

= 5 · 107 in the case of Pb–Pb).
Figure 27 (left) shows a typical � � process in UPCs (light-by-light scattering, in this particular case),
and Table 5 summarises the relevant parameters for ultraperipheral pp, p–Pb, and Pb–Pb collisions at
FCC energies.
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Fig. 27: Left: Diagram of elastic � � ! � � scattering in an UPC where the initial-state photons are
emitted coherently by the protons and/or nuclei which survive the electromagnetic interaction. Right:
Effective photon–photon luminosities as a function of � � c.m. energy (W� �) for five colliding sys-
tems at FCC and LHC energies: Pb–Pb at

p
s = 39, 5.5 TeV (at their corresponding nominal beam

luminosities); pp at
p
s = 100, 14 TeV (corresponding to 1 fb�1 integrated luminosities); and e+e�

at
p
s = 240 GeV (FCC-ee nominal luminosity per IP). The vertical dashed lines indicate the energy

thresholds for Higgs, W+W�, Z Z, and t¯t production.

The figure of merit for UPC � � processes is the effective � � luminosity, dLe↵/dW� � ⌘
LAB dL� �/dW� � , where LAB is the collider luminosity for the AB system and dL� �/dW� �

is the photon–photon luminosity as a function of the � � centre-of-mass energy W� � , ob-
tained integrating the two photon fluxes over all rapidities y, i.e., d

2L� �/dW� �dy =

(2/W� �)f�/A(W� �/2ey)f�/B(W� �/2e�y
). Figure 27 (right) shows a comparison of the dLe↵/dW� �

reachable as a function of W� � for five different colliding systems at LHC and FCC energies. Two-
photon centre-of-mass energies at the FCC will reach for the first time the range beyond 1 TeV. Clearly,
Pb–Pb at

p
sNN = 39 TeV provides the largest two-photon luminosities of all colliding systems. The ef-

fective luminosities are very high up to large diphoton masses (in the next section we present a case study
for the measurement of light-by-light scattering above m�� = 5 GeV that profits from the large photon
fluxes available at FCC). The vertical lines in Fig. 27 show the thresholds for photon-fusion production
of Higgs, W+W�, Z Z, and t¯t. All such processes, sensitive to different tests of the electroweak sector
of the Standard Model (SM) [210], such as anomalous quartic-gauge couplings and top-electroweak mo-

14Editors: D. d’Enterria, J.-P. Lansberg
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 LO photon-photon to 
diphoton cross section
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LHC heavy-ion runs, past & approved future 
+ species choices according to ALICE 2012 LoI (could vary if required) 

(adapted without permission)

p-p & 

Pb-Pb Pb-Pb Pb-Pbp-pp-Pb Pb-Pb
?

Pb-Pb Pb-Pbp-Pb

201320122011

LS1

2010

Pb-Pb Pb-Pb
p-Pb!

p-Pb

Run 1

J.M. Jowett, LHC Performance Workshop, Chamonix, 25/1/2017 5

LHC will have done 12 ~one month 
heavy ion runs between 2010 and 
2030 (LS4).   5/12 done already.

NOW!
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…

[John Jowett Chamonix 2017]

Workshop on the physics of HL-LHC, and perspectives at HE-LHC
https://indico.cern.ch/event/647676/
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Physics using HI in a 100TeV collider [arXiv:1605.01389]  
New opportunities in Quark Gluon Plasma studies 

Temperatures close to 1GeV? Charm/bottom 
Hydrodynamization/thermalization form small to 
large systems 
Completely new (hard) probes of the medium 
(e.g. tops or Higgs) 

Access to the very small-x region - Saturation/nPDFs 
Use HIC for new purposes - e.g. light-by-light 
scattering


