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Exploration + Higgs as a tool for discovery 
 
 

What are the driving requirements for detector design ? 

Physics at a 100 TeV Hadron Collider 



L* [25, 40]m or larger (60m popular at the moment) 
 
 

Lpeak  [5x1034 , 30x1034] cm-2s-1  

 

 Npileup [170, 1020] at 25ns  
 Npileup [34, 204] at 5ns 

 
 
Lint [3, 30] ab-1 

 

MDI Parameters 

Focus, of course, on maximum 
integrated luminosity. 
 
 
Peak luminosity is only part of the 
game, specifically in the high 
burnoff regime. 
 



C. Helsens, M. Mangano 

3ab-1 

 Constant term dominates, 1-2% goal 
 full shower containment is mandatory ! 
 Do not compromise on 12 lambda ! 

Muon momentum resolution 
O(15%) at 10TeV. 

(1)  Physics at the Lσ Limit 



(2)  WW scattering by VBF Mechanism 

Is H playing it’s role ? Unitarity at 1TeV ? Are there high mass resonances WW, ZZ, HH, … 
 
 
 
 
VBF jets between η~2 and η~6  
need to be well measured and separated from pile-up  
 
Muons (and electrons) around ~1 TeV pT  
need to be triggered, identified, precisely measured  



H. Gray, C. Helsens 

 30-50% acceptance loss for H 4l at 100 TeV wrt 14 TeV if tracking and precision EM 
calorimetry limited to |η|<2.5 (as ATLAS and CMS)  
 can be recovered by extending to |η|~ 4 

“Heavy” final states require high √s, e.g.:  
HH production (including measurements of self-couplings λ) 
ttH   (note: ttH ttμμ, ttZZ “rare” and particularly clean) gHHH~ v 

H 4l acceptance vs η coverage (l pT cuts applied) 

(3)  Higgs Measurements 



(4)  Pileup, Boosted Objects 



(5)  More Exotic 



Tracking: Momentum resolution 15% at pt=10TeV 
 
Precision tracking (momentum spectroscopy)  and Ecal up to η=4 
 
Tracking and calorimetry for jets up to η=6. 
 
12 λin calorimetry,  1-2% constant term. 
 
Calorimeter granularity of 0.05x0.05 or 0.025x0.025 to mitigate pileup and 
measure jet substructure and boosted objects. 
 
B-tagging, timing for pileup rejection etc. … 

Approximate Overall Needs 

Same momentum resolution for 7x Energy (14 100TeV): 
• 7x BL2  
• σ/7 
• any combinations 
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Twin Solenoid + Dipole, BL2 scaled 
Tracker r=2.5m pt reso 15% at 10TeV 
12 lambda ECAL+HCAL =1m+2.5m 
Coil R=6m, 6T, Shielding Coil 
Forward Dipole 10Tm 

CMS  & ATLAS 

Tracker 
Emcal 
Hcal 
Muon 
Coil 
TAS 
Triplet 

Toroid + Dipole, BL2 scaled 
Tracker r=2.5m pt reso 15% at 10TeV 
Thin Coil R= 2.5m, B= 4T 
12 lambda ECAL+HCAL =1m+2.5m 
Muon Toroid 
Forward Dipole 10Tm 

CMS+, resolution scaled 
Tracker r=1.2m pt reso 15% at 10TeV 
12 lambda ECAL+HCAL =0.6m+2.2m 
Coil R=4m 
Iron Return Yoke 
 Extreme detector technology push 
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Tracker 
Emcal 
Hcal 
Muon 

Coil 
TAS 
Triplet 
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Tracker 
Emcal 
Hcal 
Muon 
Coil 
TAS 
Triplet 



14/02/2014 W. Riegler, CERN 

ALICE 2018 upgrade, 20x20um monolithic pixels 

CERN-LHCC-2013-024 

L. Lienssen 



Conclusions 
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• Detectors for FCC-hh inner tracking are considered feasible 

• ~ns time resolution, ~micron-level space resolution and radiation 
tolerance to ~30x1016 appear as natural evolution of present technologies. 

• Minimal FCC-hh target specifications are almost already achieved in 
dedicated detectors. 

• However, no single technology reaches all design specs at the same time.  

• The main issue: coverage at small radius with radiation hardness, fine 
granularity. 

• Several sensor technologies are promising => consider them all 

• Microstrips will most likely be replaced by pixels everywhere. 

• Big technology step: integrated electronics => to be pursued closely 

• Important to develop all integrated design details among physicists, 
microelectronics experts, mechanical engineers and material scientists 

Room for several future projects to join forces 

L. Lienssen 
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Tracker 

Emcal 
Hcal 
Muon 
Coil 
TAS 
Triplet 
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Calorimetry 



20 F. Lanni 

Calorimetry 



S. Chekanov 

Calorimetry 



S. Chekanov 

Calorimetry 

Amazingly close to FCC-hh specs 
 
A calorimeter from 1986 for 2036 ? 



Y. Onel 

Digital Calorimetry 

Comment: 
 
• Digital Calorimetry is very popular in the context of ILC detectors optimized for 

the 100GeV scale (CALICE) 
 

• Whether digital calorimeters are a good way to go for FCC-hh detectors is to be 
understood 
 

• High granularity  YES !  Analog/digital  ? 
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Tracker 
Emcal 
Hcal 

Muon 
Coil 
TAS 
Triplet 



D. Denisov 

Also to be careful here: Critical Energy 
Ec: Electrons 550MeV/Z, Muons ≈20TeV/Z 
 
Muons in Iron ≈ 800GeV ! 
 
Energy loss due to radiative processes dominates 
!   
 
How are muons doing behind 12 λint of Calo ? 

Muon Systems 



Extreme Energy Events 

M. Abbrescia 

M.Abbrescia 

FCC-week, Washington, 25 Mar. 2015 p.26 

Muon systems for FCC-hh will be very large: 

 
Considering a large solenoid (similar order of magnitudes  

in other cases as well) 

o(10000) m2 in the barrel 

~ 3000 m2 in the endcap 

~ 300 m2 in the very forward 
 

Given the requirement on the area, almost unthinkable to use technologies 

different from gaseous detectors. 

G
  E

  M
  s

 

Detector 
surface 

Foil Area 

LHCb Muon 

system (now) 
0.6 m2 4 m2 

ALICE TPC 45 m2 180 m2 

CMS Muon 

system  
335 m2 1100 m2 

ATLAS (MMs) 140 m2 560 m2 

Future use of MPGDs in ATLAS, 

CMS, ALICE is a huge step forward 

M. Abbrecsia 



Extreme Energy Events 

M. Abbrescia 

M.Abbrescia 

FCC-week, Washington, 25 Mar. 2015 p.27 

ATLAS sMDT 
Change tube parameters + improve electronics 
 Drift tube diameter reduced by a factor 2: MDT  sMDT 

Increase rate capability by almost an order of magnitude 

Chamber thickness reduced by a factor 2 

Occupancy reduced by a factor 8 

Improved signal/background ratio 

Advantages: 
Reuse and optmize of the present proven technology 

   (no aging up to 6 C/cm) 

Full compatibility with existing services, software and 

   alignement system 

Will be used to 

complement or 

replace MDT 

chambers 

where needed  
R. Richter 



Key Point and Strategy 

14/02/2014 W. Riegler, CERN 

Much of detector technology is driven by silicon technology 
and computing power i.e. we can count on significant 
improvements. 
 
Since the maximum energy an delivered luminosity are the key 
goals for the FCC-hh machine, the detector efforts should put 
minimal constraints at the machine efforts.  
 

Lint [3, 30] ab-1 

 
Lpeak  [5x1034 , 30x1034] cm-2s-1  

 

 Npileup [170, 1020] at 25ns  
 Npileup [34, 204] at 5ns 

 
 

Focus, of course, on maximum 
integrated luminosity. 
 
Peak luminosity is only part of the 
game, specifically in the high 
burnoff regime. 



All these figures showed doubling times of < 2 years up to now ! Some scalings will stop, but different tricks might 

come in. 

 

May dream about a factor 210 = 1024 from 2014 – 2034  (of course optimistic) 

This will allow major detector improvements ! 

Data Storage 

Transistors/mm2 

Bandwidth 

ADC pJ/conversion 

Prospects for ‚Microelectronics‘ 



LHCb & ALICE in 2018, no Hardware Trigger 

40 MHz 

40 MHz 

5-40 MHz 

20 kHz (0.1 MB/event) 

2 GB/s 

Storage 

Reconstruction 

+ 

Compression 

50 kHz 

75 GB/s 

50 kHz (1.5 MB/event) 

 PEAK OUTPUT   

4 TByte/s into PC 

farm for HLT 

selection. 

1 TByte/s into 

PC farm for data 

compression. All 

events to disc. 

W. Smith 



W. Smith 



Common event  

processing framework: 

Gaudi/GaudiHive 

Detector 

description  

input: 

DD4Hep 

Common I/O 

handling via 

Gaudi/FCC 

Single simulation kernel: 

Geant4 RunManager 

embedded as Gaudi algorithm 

job configuration, 

initialisation, 

event loop 

input file 

output file 

xml input file 

central particle stack, 

forking into fast/full simulation engines 

Geant4/V G4Flash 

C 

C 

common service with 

translators into specific 

geometry/event data 

event 

loop 

Parametric 

Fast MC 

        Digitisation/Reconstruction 
C 

generator input 

reconstructed 

event data 

hits hits 

A. Salzburger, B. Hegner,        

J. Hrdinka, Anna Zaborowska 
Important effort on simulation tools 
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Prospects for FCC-hh detectors are good ! 
 
Next: 
 
Define granularities and basic parametrization. 
 
Simulation of benchmark channels with 
parametrized detector response and 
consequently more detail. 
 
Explore magnets,  technologies. 
 
Many studies to be done  projects, students 
Still ‘bottom up’ approach for now. 
 
Medium term: 
 
Develop strategy to push R&D in an effective 
way once the HL-LHC R&D is concluded. 
 
 

Conclusion 


