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Physics, Experiments, Detectors (PED): Summary
q Outline

u Monday: Vision and strategy
l Why, how, when ? 

u Tuesday, Wednesday: Implementation
l What has been done ? 
l What can be your contribution ?

è Software
è Detectors
è Luminosity and √s measurements
è Physics studies 

u Wednesday: Convincing the world
l Round table

è Is the FCC physics case sharp enough? 
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(*) EPOL and MDI sessions in the Accelerator summary
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The scientific vision 
q After the Higgs boson discovery
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Be it light and too feebly interacting, or too heavy, or leading to too soft final states
… and therefore could not be discovered at the LHC  

(e.g., Higgs)

C. Grojean
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The Strategy
q The 2020 update of the European Strategy for Particle Physics didn’t say otherwise
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F. Gianotti

Program funding approved 
by CERN Council
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FCC, the ultimate Higgs laboratory
q The Higgs provides a very good reason why we need both e+e- AND pp colliders

u FCC-ee measures gHZZ to 0.2% (absolute, model-independent, standard candle) from sZH
l Fixes all other couplings (HL-LHC/FCC-hh/FCC-ee) 

u FCC-hh produces over 1010 Higgs bosons
l (1st standard candle ➝) gHµµ , gHgg , gHZg , Brinv

u FCC-ee measures ttZ couplings (e+e-➝ tt)
l Another standard candle

u FCC-hh produces 108 ttH and 2. 107 HH pairs
l (2nd standard candle ➝) gHtt and gHHH
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* gHWW includes also ep

FCC-ee / FCC-hh complementarity is outstanding
Unreachable by high-energy lepton colliders

J. De Blas ‘19 J. De Blas ‘19

(Only rates)

C. Grojean

3-5
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FCC-ee, much more than a Higgs factory
q FCC-ee also includes top and the “intensity frontier” 

u Amazingly rich field of studies, with exploration opportunities unique to FCC-ee
l Imposes a whole new level of requirements to detectors, theory calculations, collider operation, ..
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C. Grojean

√s ~ mZ ,  > 2mW
5×1012 Z 

Few 108 W

√s = 240, 365 GeV
106 HZ events 

105 WW➝H events

√s = 340 ➝ 365 GeV
106 tt events 
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FCC, the infinity machine 
q Astounding heavy physics reach, indirectly with FCC-ee, directly with FCC-hh
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F. Gianotti

The precision expected with the FCC multidimensional approach will allow a multitude of new physics models to be rejected,
thus strongly limiting the field of possible new physics interpretations, and will provide a clearer vision of what to look for, either
at the 10 TeV energy scale (or beyond) with FCC-hh and elsewhere, or for light particles with much weaker couplings.
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FCC, a general purpose particle observatory
q Explore the (BSM) origins of the laws of our universe in a wide-ranging physics programme

u Rather than yet another expensive search for supersymmetry
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T. You

(and possibly, origins identifier)
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Timescales
q Timescales define the highest priority goals for PED during the feasibility study

u Focus: Set the scene for the FCC-ee proto-collaborations
l Sharpen the physics case : Have we discovered everything that FCC can discover? 

è Identify open questions, observables, BSM models
è Optimize collider operation (what lumi at what √s?)

l Match (exp. and th.) syst. uncertainties to statistical precision
è Complete case studies of benchmark physics processes
è Development of state-of-the-art physics tools
è Detector requirements and plans for theoretical calculations
è Measurement of the centre-of-mass energy (EPOL)

l Benchmark several detector concepts to demonstrably match the requirements
è Provide guidance to coherent R&D efforts
è Optimize interface with the machine (MDI)

l Develop the common software infrastructure 
l Build the community 
l Convince the world
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M. Benedikt

~2026/27
Proto-collaborations

~2030
Detector TDR

>2030
Start detector
construction

>2040
Detector

installation
2045

Start detector
commissioning

A lot to do in a few years…
The challenges arise from the richness

of the physics programme

M. McCullough

F. Sefkow

G. Ganis

A. Blondel
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Build the community
q The new management team is at work towards reaching the highest priority goals

u Links with ECFA Higgs factory working groups is essential and timely
l They allow a fruitful collaboration / communication with linear collider community 

q Mission: pass the baton to the young generation and start the knowledge transfer 
u It was a pleasure to see young faces presenting talks in the parallel sessions
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Software: Huge progress, lots to do
q The underlying tissue that connects physics studies, detector concepts, detector R&D

u All possible synergies in the community are exploited
l The software framework will be common to all FCC experiments

l The software framework (and content) is developed in a common effort 
è LHC, FCC (ee and hh), ILC, CLIC, CEPC, EIC, … (+ECFA)

u Ongoing priorities : you can contribute in many places
l Subdetector plug & play technology, to optimize detector concept simulation 
l Use / optimisation of  reconstruction tools developed in linear collider studies

l Feedback on the analysis framework
l Develop an event visualisation tool

u New group structure being put in place
l Address challenges, build community

u Support from FCC community needed
l Small CERN core group to lead the effort
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G. Ganis, V. Volkl, C. Helsens

Benefits of this collaborative
approach already visible
key4hep, edm4hep, dd4hep

Detector concepts

Physics performance

Synergies with:
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Detectors: Important development

q New layout with fourfold superperiodicity
u Compatible with two or four experiments

u FCC-ee greatly benefits from having four 
interaction point 

l More data, sooner
l Redundancy brings systematic robustness

è Lesson from mZ measurement at LEP

l Better physics coverage with different 
detector technologies and abilities
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M. Benedikt
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Coherent sets of detector requirements?
q Offering four interaction regions is of great interest to cover all requirements

u And to motivate different designers, with different favourite technology

u Calls for at least four detector concepts to be benchmarked during the FS (tough!)
l Which in turn will provide guidelines for R&D efforts
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M. Dam

Example: Calorimetry
• High EM precision vs
• High granularity vs
• High stability vs
• Cost vs
• Particle ID vs …

Example: Tracking
• Transparency vs
• Segmentation vs
• Momentum resolution vs
• Time resolution vs
• Power consumption vs 
• Particle ID vs
• Acceptance definition vs …

N. Morange
LAr Calorimetry

A. Besson
Silicon tracking

& QCD

It is not unlikely that the most stringent requirements will come from the intensity frontier
Just pick up a case study in the TeraZ programme, and you’ll make a unique contribution  

LC-inspired.
Update from

physics studies
ongoing
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Guide detector R&D
q Silicon tracking and vertexing
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q High-granularity LAr Calorimetry
u Reaching 10 times ATLAS granularity !

l Barrel: Inclined readout/absorber planes
è 11 longitudinal compartments

l Endcap: Turbine wheel like geometry?

Synergies with other R&D projects

A. Besson N. Morange

Particle

Endcaps
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Inspire innovative R&D: GRAiNITA
q Idea #1: use small crystal grains of ZnWO4

u Similar as growing salt grains (sea water+sun)

u Excellent energy resolution (~2%/√E)
u Much less expensive than big monocrystals

l Scintillation light collected by WLS optical fibres

q Idea #2: Use fast and slow scintillation light components for PID 
u Example: CSI crystals

q Next step: simulation of the pulse to evaluate the precision of the method
u Or even data from past BGO RD52 test beam campaigns ?  
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J. Lefrançois

Hope: this built-in particle ID may
be used to determine the e/h
ratio, as is done for scintillation
and Cerenkov light in dual readout
calorimeters

F. Bedeschi
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Quick overview of possible detector concepts
q Might (or might not) be adapted to the FCC-ee detector requirements 

u Simulation studies will tell us more – here again, plenty of room for individual contribution
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A. Sailer P. Giacomelli M. Aleksa

M. Dam

: EM resolution
long. segmentation

Maybe even GRAiNITA ? 
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And now, plug and play in FCCSW !
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M. Aleksa
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Luminosity measurement with low-angle e+e-➝ e+e-

q A considerable detector challenge & an opportunity to contribute decisively

q FCC contribution to the FCAL R&D collaboration?
u Designed LumiCal for ILC and CLIC, but activity would benefit from a boost ! 
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M. Dam

Alternative case study: e+e-➝ gg at large angle
• Theoretically clean : 10-5 accuracy possible
• Statistical precision of 2×10-5

• Background from large angle e+e-➝ e+e-

(experiment AND theory)

W. Lohmann
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√s measurement with resonant depolarisation
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… and beyond FCC-ee !

(and centre-of-mass energy spread)

A. Blondel

Measurements with physics events
• For example e+e-➝ µ+µ-(g)
• Not much done since CDR studies

• A lot to do and learn here 

The credo of precision physics
at FCC-ee
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Speaking of physics …
q The team of physics group (young) conveners has now been assembled and is at work!

u They presented the programme of their group and a list of opportunities for contribution
l This is not summary-talk material – look at the slides to pick the contribution you like best (*)
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+J. Gluza

+P. Roloff

(*) and even propose new ones !
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Your choice will be good, no matter what!
q The work you’ll do will be both interesting and rewarding

u It’ll be guided by physics first principles 
l Feynman graphs, matrix element, symmetries, …

u It’ll be entirely new (though at time guided by past experience  and CDR estimates)
l Who worked with 1012 Z’s before? By the way, how do we do that? 

u You’ll carry out a physics study from the beginning to the end
u You’ll have to find original solutions to reduce sensitivity to uncertainties (exp, th)

l E.g., by making ancillary independent measurements, by inventing new variables, …

u You’ll reduce accordingly the demands on detectors or on theory with clever tricks
l And you’ll be thanked for that

u You’ll contribute, without even noticing, to the development of physics tools
l Which will then benefit others, through the common software framework

u Finally, you’ll come up with a publication of your work
l With your sole name on it (or maybe with that of a few colleagues in your team)
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Not just an advertising slide
I am speaking from experience
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A few highlights – focussing on what is new
q The work is restarting ~ now

u With fresh physicists

u With brand new (and evolving) software
u With an important load of knowledge to be transferred
u With a speed proportional to the number of new people involved

l Do not expect Feasibility Study Report materiel here 
è Not even Mid-Term Review material yet 
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The most important message is that the new generation
starts committing to the work and owning the FCC project
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EW&Precision: Higher-order calculations of EWPOs
q First full two-loop calculations of the Z total width GZ in the Standard Model

Will require three- or four-loop calculations (!)
To meet projected exp. uncertainty (0.025 MeV)

(This uncertainty may still decrease … ) 
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J. Gluza

arXiv:2106.13885
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Flavours: After LHCb and Belle II
q FCC-ee combines advantages from LHCb and Belle2, with 10 × larger stat than Belle II

u Make CP violation studies possible for very rare B decays? 

u Much higher rate and better separation for B0
d/B0

s ➝ µ+µ-
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Exquisite tracking from 
the IDEA drift chamber

Complete case study required

J. Kamenik, S. Monteil
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Flavours: Complete studies may bring surprises
q Revisit the B0→ K* (892) t+t- flagship channel towards detector requirements

u Dominant background (unexpected kinematic conspiracy):
l Work is in progress to find a solution to reject this (and other) background(s)

è Stay tuned !
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T. Mirales

B0→ K* (892) t+t-

CDR: ~1000 events, little background Now: ~200 events, overwhelming bkgd

?
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Top: Optimisation of the top-pair threshold scan
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P. Roloff

CDR

FCC-ee: as & ltop measured separately
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Physics Tools: Flavour-tagging algorithm
q Input Features                                                                                  Performance
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K. Gautam

40% Z➝ ss for 1% Z ➝ uu, dd                           40% H ➝ gg for 0.1% H ➝ cc 
0.01% H ➝ bb

Allow for several additional EW measurements in the strange sector
Never done at LEP / SLC

Allow for gluon fragmentation studies with a pure H ➝ gg sample
e.g., with a tag-and-probe selection 

D. d’Enterria
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BSM: Direct search for feebly interacting light particles 
q Fully exploit the intensity frontier to look for 

u Heavy neutral leptons (HNL)

u Action-like particles (ALPs)
u Higgs boson with exotic decays to LLPs

q Realistic case studies in FCCSW, with background
u To possibly design (large) detectors with LLP in mind
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J. Alimena
S. Kulkarni

q If HNL signal is detected
u Design optimal variables to disentangle 

Dirac from Majorana HNL
l Different angular distributions
l Different polarisation distribution 

u More to come soon – stay tuned !
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Convincing the community, convincing the world
q The physics prospects of FCC appear to me vast 

u They seem to be addressing some of the most important questions in nature
l Exploiting maximally the complementarities and synergies of both the intensity and energy frontiers 

q But this view is not shared by all : The CERN research director told us (Feb. 2022)

q Possible hints for an explanation
u In the Snowmass presentation (Monday), this plot was sh0wn

l The FCC-ee physics potential is not appreciated / understood
l The FCC R&D is not felt attractive
l The FCC-ee and FCC-hh are not part of a single project

u In this talk, FCC-hh, CLIC, µ coll. were called BSM colliders
l The FCC-ee is, consequently, viewed as a SM collider? 

è Precision frontier sensitivity 
è Feebly interacting particles
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Not on par with energy frontier
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Convincing the community, convincing the world
q A round table was organised on Wednesday by Matthew Chalmers with this topic

u “Is the FCC physics case sharp enough?”
l Panelists: Rebeca Gonzalez Suarez – Bruno Mansoulié – Oliver Buchmueller – Patrice Verdier

q Rebeca summarized the FCC physics case in a creative and effective manner
u The panelists were then asked to give (and explain) their opinion about it

l “I think the FCC physics case is very strong and very sharp”
l “The FCC physics is compelling – I am fully supportive”
l “The FCC scientific case is great – we are lucky to be able to think of such a project”

q The FCC physics case seems to need no specific sharpening
u The rest of the discussion went on to understand what is not convincing about the FCC

l Which in turn will help us to tune our message to the community and to the world
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These are very strong and positive statements
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Convincing the community, convincing the world
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Young physicists not excited about “A repeat of LEP and LHC”.

The timescales are such that it is not obvious to maintain a community for so long 

Recruiting the best students have become much harder.

Competition with new developments in fundamental physics, which may give faster returns
Gravitational waves, Quantum technology, …

Compare expected FCC scientific outcomes (and timescales) with other projects in the discipline
HL-LHC, DUNE, CTA, LSST, DARKSIDE/DARWIN …

Put FCC in the bigger picture: where is high-energy physics heading to? 
How does it articulate with cosmology ? With other physics domains ?   

How are we going to avoid the SSC fate? 

Maintain other collider projects – be it at the R&D level : Diversity is important

Find easy-to-remember slogans
and killer apps about FCC

Change the name: ”Future” sounds like
it will not happen.  It IS happening.

“Circular” automatically recalls “Linear”
Make the name concrete and unescapable

Importance for young physicists to take ownership of the
project, to engage with interesting and rewarding work  

Flow of the project
2045 …  2070 …
And that’s it ?
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Convincing the community, convincing the world
q A number of suggestions were already made yesterday to improve the “convincing”

u We should think of what was said and come with a message that addresses all concerns
l “FCC: Your questions answered” is a title that is already taken 

è But we can happily give up the copyright 

u We should not by shy in emphasising the immense breadth and richness of the program
l Very lively and diverse program for FCC-ee, with changes almost every year
l Tremendous high-energy prospects for FCC-hh
l Challenging R&D for FCC-ee and FCC-hh detectors, in order to approach the frontiers
l More scientific topics that one can imagine, with likely O(104) publications (starting now)
l Program conducted by O(10) separate experiments, addressing the full range of HEP

u Certainly, we should start putting more efforts in spreading the word
l Within the community and outside
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