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Baseline Parameters for the FCC-hh Machine 

5 year long operation periods

• 3.5 years operation periods with

• 1.5 year shutdown

2 periods at baseline parameters (10 yrs) Phase1

• Peak luminosity 5x1034cm-2s-1 , 25ns, pileup 170

• Total of 2.5ab-1 (per detector)

3 periods at ultimate parameters (15 yrs) Phase 2

• Peak luminosity <=30x1034cm-2s-1 , 25(5)ns, pileup 1020(204)

• 5ab-1 per period total of 15ab-1

 Although some of us are confident about prospects of being able to deal with high 

pileup, the 5ns option should be considered ‘at least with equal priority’ as 25ns.

 The transition from Phase1 to Phase2 luminosity is not related to major hardware 

changes in the accelerator, so it may be continuous. Important aspect for 

experiment strategy.



Barrel:

Tracker available space:
R=2.1cm to R=2.5m, L=8m

EMCAL available space: 
R=2.5m to R= 3.6m  dR= 1.1m

HCAL available space:
R= 3.6m to R=6.0m  dR=2.4m

Coil+Cryostat:
R= 6m to R= 7.825  dR = 1.575m, L=10.1m

Muon available space:
R= 7.825m to R= 13m  dR = 5.175m
Revision of outer radius is ongoing.

Coil2:
R=13m to R=13.47m  dR=0.475m, L=7.6m

Forward:

Dipole:
z= 14.8m to z= 21m  dz=6.2m

FTracker available space:
z=21m to R=24m, L=3m

FEMCAL available space: 
Z=24m to z= 25.1m  dz= 1.1m

FHCAL available space:
z= 25.1m to z=27.5m  dz=2.4m

FMuon available space:
z= 27.5m to z=31.5m  dz=4m

Baseline Geometry used up to now , Twin Solenoid, 6T, 12m bore, 10Tm dipole
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Endcap:

EMCAL available space: 
z=8m to z= 9.1m  dz= 1.1m

HCAL available space:
z= 9.1m to z=11.5m  dz=2.4m

Muon available space:
z= 11.5m to z= 14.8m  dz = 3.3m



4

Radiation Calculations

In the central tracker, close to the beampipe, the radiation is dominated 

by the primary hadrons.

In the forward tracker there is in addition a significant neutron flux from 

the calorimeter.

Ilaria Besana
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Ilaria Besana

Radiation Calculations
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Twin Solenoid 6T, 12m bore, Dipoles 10Tm

Herman Ten Kate, Matthias Mentink
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Development of ‘Detector Baseline’

Considering that the experiment cost should be a reasonable fraction of the 

accelerator cost one could naively assume a very large budget for the detectors.

The magnet group studied the 6T, 12m bore, 10Tm dipole as engineering challenge.

This geometry allows comfortably a 2.4m tracker cavity, 2.4m HCAL for 12 lambda.

Considering that such a magnet system costs on the order of 0.7-0.9 BEuros, and 

that for a reasonable balance the magnet system should represent between 20-30% 

of the detector cost, we are talking about a multi Billion cost for such a detector.

Scaling down the magnet system to 4T/10m and  4Tm dipoles reduces the cost by 

about a factor 2 to 0.35 to 0.45 BEuros, which brings the detector cost closer 

towards the ‘one Billion’ range.

We should therefore think about a more realistic baseline for the 2018 report. 
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Development of ‘Detector Baseline’

100 TeV Collider
100km Tunnel

10m Bore Solenoid
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Twin solenoid with dipoles 
(min. shaft diameter 27.5m) 

Partially shielded solenoid with dipoles

Unshielded solenoid with dipoles 
(min. shaft diameter 16.3m, if rotated under ground) 

Twin solenoid with balanced conical  solenoid

Magnet systems under consideration

Unshielded solenoid with balanced conical  solenoid

Herman Ten Kate, Matthias Mentink
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Tracking Resolution for Dipole and Solenoid

Zbynek Drasal
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Advantages of a Forward Solenoid

 Construction is easier
 No need for compensation in the machine
 Keeping the rotational symmetry is a big advantage (Missing ET etc.) 

Some more performance parameters have to be understood before deciding on 
the ‘reference design’.

Herman Ten Kate, Matthias Mentink
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B-tagging studies

Estel Perez

Collaboration with the CLIC 
detector group:

B-tagging studies for the FCC 
tracker geometry in the CLIC 
simulation framework.
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Calorimeter Studies

HCAL studies using the SiD detector software.
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Energy Deposition vs Integration Time for  tabs

• Question we address in this study

How narrow could be the signal 
integration window in a hadron 
calorimeter in order to preserve

energy resolution?

• Energy integration window starts when the 
pion hits the absorber and ends at the time 
specified on the plots

• For short integration windows only small 
initial part of the shower development is 
integrated

– Even for infinite integration window 
there is “undetected” energy due to 
nuclear fragments and escaping 
neutrons/neutrinos

• For the integration times below 3 ns energy 
resolution defined as RMS of the integrated 
energy over the pion initial energy 
deteriorates significantly 

– For the integration times of ~5 ns and 
above the energy resolution is 
comparable to the ideal
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Dmitri Denisov
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HCAL Studies

Clement Helsens
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Calorimeter Studies

Clement Helsens



Requirements for EM Calorimeters
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Timing information – additional information for pile-up rejection

Vertices distributed in z-position and time
• For pile-up µ ≥ 200 vertex density ≥ 1 vertex / mm 

(depending on bunch crossing concept, e.g. crab-crossing, 
crab-kissing, …)
 Vertex merging

 Timing information could be used for vertex determination

Timing information can be used to help pile-up rejection 
in the calorimeters
• Ideas in CMS and ATLAS for HL-LHC

 If primary vertex is known, timing can be used to reject energy 
deposits from pile-up vertices

 Depends on bunch-crossing concept, first studies for HL-LHC

S. Fartoukh, <µ> ≈ 140

Performance with 
crab-kissing

crab-crossing crab-kissing

HL-LHC baseline 

Martin Aleksa



First Tests of EM Calo in FCC SW

Encouraging first results with 
simple test-geometry in FCC SW

– Studies can now start!
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Longitudinal energy profiles 
of single electrons (η=0.25)

E-resolution e– without 
magnetic field
• sampling term 
a=9.2%

• perfect geometry, no 
noise 

• expect b=0, 
• c very small (only 

leakage), here 0 to 
0.4% depending on 
depth

J. Falto
va: see talk 
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of calorimeter)
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https://indico.cern.ch/event/446603/contribution/3/attachments/1253568/1849552/fcc_ecal_6Apr2016.pdf
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Marianna Testa
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Common Software



21Benedikt Hegner
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Julia Hrdinka

FCC Tracking
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25Anna Zaborowska
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Common Detector Technologies
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Walter Snoeys

Monolithic Active Pixel Sensors (MAPS)

ALICE upgrade LS2



28Walter Snoeys

Comments on Future of MAPS 



29Walter Snoeys

Comments on Future of MAPS 
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Tracker Mechanics

Georg Viehhauser

We should study alternatives to the traditional tracker layouts.
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Dave Newbold
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Dave Newbold
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Hans Kristian Soltveit

Wireless Data Transmission

Power consumption less than 

GBT, still similar order of 

magnitude.

Many practical implementation 

issues to be overcome.

Very promising.
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Concluding Remarks

A lot of of progress since the last FCC week.

A few reality checks required rescaling of some ‘dimensions’.

The FCC hadron detector studies can heavily draw from the LHC 

experiments and their upgrade plans.

It is very important to plant the thinking about pp physics at 100TeV into the 

heads of people who work on the 14TeV physics analysis. 

The FCC hadron detectors require significant R&D on detectors and 

electronics. Once the LHC Phase II R&D is finished, which is soon, we must 

install dedicated R&D programs.

Access to state of the art electronics processes for readout electronics and 

sensor (e.g. MAPS) is very expensive, so this R&D will require significant 

funding.

The FCC project is an excellent environment to transfer the vast amount of 

knowledge and experience in the field to the young generation.


