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General Disclaimer

• Asked to give a review/introduction of general detector 
considerations for a muon collider detector

• None of this is new material and very little of it was done by me!
• Taken from IMCC, Muon Collider Forum report, and other work of 

others. (https://arxiv.org/abs/2303.08533, 
https://arxiv.org/abs/2203.07964, https://arxiv.org/abs/2209.01318)
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Muon Collider: Target Parameters
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Note: repetition rate is 5 Hz
LHC repetition rate is 40 MHz



Some basics (stollen without permission from Tova Holmes)
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Beam Induced Background
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• Beam Induced Background (BIB) from 
primary muon decay products, secondary 
and tertiary particles from showers

• Produces (mostly from decays in the few 
10s of meters from the IP) 
• Electrons/positrons
• Photons
• Neutrons
• Charged Hadrons
• Muons (secondary muons can reach the detector 

from hundreds of meters from the IP)

• ~105 particles per meter of lattice



Key Feature: Machine Detector Interface and Nozzle 
shielding
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Suppresses background by a factor of ~500 



Some numbers
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Z decay with/out beam induced background
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Properties of the BIB

Kevin Black, UW Madison 7



Properties of the BIB
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General Detector Designs
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• Most detector studies have 
been done with a modified 
version of the CLIC detector 
which has :
• Silicon Tracker
• Fine grained calorimeter
• Large volume high field solenoid 
• Muon Detectors
• Luminosity  monitors



General Features of BIB compared to particles from IP

• BIB particles are generally
• Low energy
• Mostly arrive at the detector at 

times inconsistent with coming 
from the IP
• Do not point towards the IP
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Inner Tracker
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• Goal of ~1% occupancy
• Inner layer: hit density from BIB 

is ~3.5 /mm^2 and ~0.5 /mm^2 
in first and second layer
• Exploit hit timing of silicon sensor 

Utilize directional information to 
reject BIB hits (double layer hits only 
reconstructed)
• Pulse shape information
• Shape of hit clusters

• Assumed in these studies 30 ps 
resolution in inner layer, 60 in 
outer layers (maybe ultimately < 
10 ps?)



Calorimeters

• Utilize Arrival time information 
to filter hits

• Have a fine enough granularity 
to see shower shape and 
directionality 

• Energy thresholds to repress 
soft component

• BIB particles flat in phi, and 
reasonably flat in theta
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Calorimeters
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-Possibility to add preshower to absorb 
 First part of BIB
-Timing of ecal looks promising 
-Hadronic shower development is on a longer scale
(prompt component from ionization on ns time 
Scale and much longer tail from particles produced in 
Absorbing part of calorimeter)



Muon Systems
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• Barrel detector has low occupancy 
• Forward muon system close to the 

shielding cone expected to have 
higher occupancy from BIB 

• Expectation is that “standard” 
muon detector system in barrel 

• Forward muon system may be 
more challenging



Data Acquisition and Trigger
• Occupancy per module higher (factor of 5-10) than HL-LHC 

inner detector
• On detector logic (timing, double layers) and or higher bandwidth

• Total data rates ~30 Tb (dominated by inner tracker) 
• Note only 1 bunch per beam! Means 10-20 micro seconds 

between crossing rather than 25 ns at LHC! (time of beam 
crossing ~20 ps)

• Preliminary expectation is that a triggerless DAQ could work , 
perhaps with even today’s technology

• However
• Power and material requirements of higher bandwidth need to be 

investigated
• Compression, front end clustering, pt module based selection need to be 

investigated as well 
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Conclusions

• Timing Structure and BIB are novel features of a muon collider that 
present similar but not identical challenges to pile-up with pp but 
have key differences that drive the overall optimization of a 
detector

• Generically :
• High granularity, radiation hard, fast timing (10s of ps) , improved spatial 

resolution (< 10 micron) ,  detectors will need to be developed
• High bandwidth smart front end readout

• Specifically for muon collider detectors:
• Current designs are based on modified CLIC detector, continued optimization 

should continue
• Recall CLIC detector designed with technology expected in next 10 years, should 

also study how substantial improvements over next few decades could improve 
performance (what will timing and spatial resolution of detectors look like 20+ 
years from now?)
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