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• Some Complications
• Space Charge
• Aging
• Green house-gas mixtures

• Future directions
• Micropatterns to improve spatial resolution
• Timing improvements for future colliders

Complications and Future Directions



Recall Basic Principle: Ionization, 
Amplification, Readout



• With higher particle 
flux the build up of 
slow positive ions 
can get large 
enough that it 
significantly shields 
and modifies the 
electric field 
lowering the 
effective gain

Space Charge



Space Charge: Resolution Effects



Space Charge: Track Distortion



• In the plasma that is 
created there can be 
complicated chemical 
reactions between gas 
and various pollutants.
• Result is highly reactive 

hydrocarbons with high 
electronegativity 
created 
• This leads to insulating 

deposits on cathode 
and anode
• Field distortion, gain 

reduction, track 
distortion, resolution 
worsens 

Aging





• Recall that the greenhouse effect is caused when radiation 
from the sun (peaking in the optical  and UV range)  heats up 
the earth
• Part of that energy absorbed is radiated by the earth as it 

cools down
• However, earth radiates significantly in the IR region
• Greenhouse gases in the earth’s atmosphere are those that 

are relatively transparent to optical frequencies but highly 
absorptive in IR region
• The presence of these gases tends to lead a warming of the 

earth as they effectively let heat in but keep it from leaving

What makes a gas a greenhouse gas?



• Recall from yesterday that besides the main ‘absorber’ gas  we 
also need a ‘quenching’ gas
• The purpose of the quencher is to absorb photons produced in 

the avalanche and stop the process of a “continuous” 
avalanche from forming which makes the detector useless as a 
detector
• The main properties of the quencher are the ability to absorb 

photons with less energy than typical simple atoms. Typically 
diatomic or polyatomic molecules with many rotational and 
vibration lower energy modes available
• This is exactly the property that makes a greenhouse gas!

Quencher Gas



Gas Systems



• Mix and monitor the composition of the gas
• Typical results shown below

Gas Monitoring



Leaks!

Nearly ~1000 liters of gas per hour leaked
Into the atmosphere!



• Moving forward we 
would like to 
continue or quest for
• Radiation Hard 

detectors that can 
withstand high 
radiation 
environments

• Improved spatial 
resolution to improve 
on measurement on 
momentum of 
particles in the 
spectrometer

• Improved timing 
resolution to help 
identify hits from 
primary particles of 
interest from 
background particles

Future Directions

Future Technology … according
To AI



Evolution to smaller microstructures



• First developed in 1988, smaller structure , more intense 
electric fields
• Reduction of space charge effects leads to higher rate 

capability with constant gain

First Micropattern Gas Detectors 
(MPGD)



Discharges





GEMs



Tripple GEM







timing



• Many possible machines being discussed
• FCC-ee/CPEC/ILC – Large either circular or linear electron machine with 

the goals of producing a large number of Higgs, Z, W events with very 
little background and complete kinematic constraints (conventional 
technology for muons available today should be good for physics 
goals – concentrate on best resolution possible) 

• FCC-hh – 100 TeV pp machine after FCC-ee  (high pileup, high 
radiation environment)

• MuCol 1-10 TeV (central region very similar to ee, forward region 
very high beam induced background)

Future Colliders and Muon Detection



• Electrons are fundamental particles so essentially every 
collision is a fundamental interaction between two point 
particles
• In particular, in comparison to the the LHC there is no 

“underlying” event
• Accelerator run such that ~1 fundamental interaction per 

crossing, very little background except for some minor Bhabba 
Scattering
• Completely kinematically constrained – in proton proton 

collisions it is quarks and gluons that are colliding which we 
don’t know the z component of the momentum. 
• In e+e- collisions total momentum of initial state is 0 for the 

collision of interest

Future electron/positron 



Electron – Positron Events (LEP) versus 
LHC events



Example Possible FCC-ee detector



Micro-Rwell detectors



How they work





Already prototypes



• The HL-LHC is expecting 
something on the order of 
an average of 140 pp 
vertices per event
• FCC-hh is envisioned to run 

an environment an order of 
magnitude more pileup 
events ~1000 pp verticies 
per event

FCC-hh environment



FCC-hh Reference detector



Comparison to CMS and ATLAS



More forward overall … (in particular SM 
physics including W/Z/Higgs is very 
forward)



More magnetic spectrometers!



What resolution is needed?

To reject pileup with timing need on the order of 5 ps timing!!



What limits the timing resolution





Ionization statistics place limits on the 
timing resolution of order ~5ns

Ionzation detectors limited to about 5 ns!







Muon detection at Muon Collider?

As noted by talk from Karri, large beam induced background
In forward region necessitates large forward sheilding



Large number of electrons, photons, 
neutrons from decay in flight and 
subsequent shower



Silicon in the far forward region?



• Future muon detection will for the foreseeable future require 
instrumenting very large volumes of space
• Difficult to get around using gas detectors for reason of cost

• Trending toward continued minimization of structures to 
minimize the distance between channels and improve the 
spatial resolution and novel new techniques 

Summary




