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What we want

Access to energy and precision in one machine 
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The trilinear self-coupling is defined in the Standard Model as λhhh =
λhhhh = (m2

h/2v
2) ≈ 0.13 for Higgs mass mh = 125 GeV and vacuum ex-

pectation value v = (
√
2GF )

−1/2
≈ 246 GeV [3]. For convenience we will

use λ = λhhh to refer to the measured value and λSM to refer to the value
predicted by the Standard Model.

µ−

µ+

W

W

h

h

h

νµ

ν̄µ

(a)

µ−

µ+

W

νµ

ν̄µ

h

h

(b)

µ−

µ+

W

W

h

h

νµ

ν̄µ

(c)

Figure 1: Feynman diagrams of the three double-Higgs production modes
accessible at a multi-TeV muon collider. Figure 1a is the only process directly
affected by the value of λ but interference between these diagrams means each
contributes to the Higgs self-coupling measurement.

Figure 1 shows the three processes at a muon collider whose cross sections
are affected by the value of the trilinear Higgs self-coupling. Only the diagram
in Figure 1a is directly affected by the value of λ, but the total cross section
of all three processes contributes to the measurement because interference
between them affects their cross sections.

It is estimated that with an integrated luminosity of 3000 fb−1, the LHC
will be able to measure λ with an uncertainty of ∼ +30% and ∼ −20% [3].
This measurement has been studied for e+e− colliders and it is anticipated
that a machine such as the proposed e+e− Compact Linear Collider (CLIC)
could reduce uncertainties to as low as ±11% [8]. A muon collider should
ostensibly have very similar signal physics and background properties because
we assume lepton universality, meaning that muons and electrons couple
equally to W and Z bosons. However, differences in beam and detector
properties lead to differences that affect this measurement at each potential
machine.

2

χ+

χ−

Multi-TeV scale BSM physics GeV scale SM physics

Good mass resolution for central high pT objects, 
retain sensitivity to unconventional signatures

Forward jets/leptons, flavor tagging, Z/h separation, 
forward muons, luminosity, etc
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Beam induced background
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Beam Induced Background

S. Jindariani, UF Physics Colloquium, 202240

• Muons decays and electrons originating in the decays create showers of particles
• Detector environment and occupancy can be harsh
• Beam background is one of the unique features/challenges of Muon Colliders

Primary challenge for µC detector

Decays w/in 20 m of interaction point: ~107


Total energy of decay products: ~ 50 EeV

Full simulation with BIB = CPU intensive  

Requires input from FLUKA/MARS 


More from Simone
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Set nb = 1 and maximize Nµ per bunch


Minimize σxσy beam size, aim for


Minimize circumference, maximize f


Re-inject every 1/βγτ

Luminosity target & collider environment
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Need ~10 ab-1 at 10 TeV

Assuming 5 years of runtime


~30% efficiency

Depends on energy, physics goals, and cross-sections

Goal: measure di-higgs cross-section (few fb) with few % uncertainty

Translates to

⟨ℒinst⟩ =
N1N2nb f
4πσxσy

= 1035cm−2s−1

Circulate two beams & re-fill when depleted 

~2·1012 Nµ


~O(10) µm


1/30 µs


1/100 ms
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Baseline Detector
3 TeV design adapted from CLIC


to Muon Collider environment


Major outcome from Snowmass & IMCC 


Unique: Tungsten Nozzles
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Fig. 6: Rendering of the MCD geometry used for the presented simulation studies, including the cone-
shaped shielding nozzles (cyan) and the beryllium beampipe (violet). Shown are the R-Z cross sections
of the full detector geometry (left) and two zoomed-in portions: up to ECAL (top right) and up to Vertex
Detector (bottom right). Muon Detector (violet and green) surrounds the solenoid (cyan), which encloses
the HCAL (magenta), ECAL (yellow) and the Tracking Detector (green and black).

2.3 Implications of higher beam energies
FLUKA simulations at

p
s = 3 TeV and

p
s = 10 TeV are currently under development. Since the MDI

has not yet been optimized for those energies, the one designed for
p
s = 1.5 TeV has been adopted. In

both cases the preliminary results show a BIB with intensity of the same level as in the
p
s = 1.5 TeV

configuration characterized by spatial and temporal structures very similar to those presented in the
previous section. A careful optimization of machine lattice and MDI is expected to further suppress BIB
in the detector region.

3 Overview of the Detector design
The Muon Collider Detector (MCD) follows the classical cylindrical layout typical for multipurpose
detectors of symmetric collisions and the specific geometry used for simulation studies in this work has
the reference code MuColl_v1. The rendering of the detector geometry is presented in Fig. 6, with the
dimensions of each subsystem summarised in Table 2. A cylindrical coordinate system is used with its
centre placed at the nominal interaction point. The Z axis is defined as the moving direction of the µ

+

beam. The X axis is defined to point towards the inner part of the ring and the Y axis therefore pointing
upwards. Cylindrical coordinates are often used with R, ✓ and � denoting the radial distance from the
interaction point, the polar and azimuthal angles respectively. Pseudo-rapidity ⌘ = � log

⇥
tan(✓/2)

⇤
is

also used in some cases for convenience.
Starting from the Be beampipe with a radius of 22mm, the Vertex Detector is the closest to the IP

with its innermost layer having a radius of only 30mm. It is followed by the Inner and Outer Trackers.
The three sub-systems complete the all-silicon Tracking Detector, which operates in the strong magnetic
field of 3.57T provided by the superconducting solenoid, to reconstruct trajectories and transverse mo-
menta (pT) of charged particles. High-granularity sampling ECAL and HCAL calorimeters are arranged

14

Silicon Tracker

High Granularity 
Calorimeter

Muon Detectors

with return yoke

3.57 T Solenoid

Nozzle

2018 JINST 13 P09004
components and in the walls of the tunnel produce a high flux of secondary particles (see figure 1).
As it was shown in the recent study [1], the appropriately designed interaction region and machine
detector interface (including shielding nozzles, figure 2 and figure 3 ) can provide the reduction of
muon beam background by more than three orders of magnitude for a muon collider with a collision
energy of 1.5 TeV.

Figure 1. A MARS15 model of the Interaction Region (IR) and detector with particle tracks > 1 GeV (mainly
muons) for several forced decays of both beams.

Figure 2. The shielding nozzle, general RZ view
(W — tungsten, BCH2– - borated polyethylene).

Figure 3. The shielding nozzle, zoom in near IP
(Be — beryllium).

The amount of MARS15 simulated data was limited to 4.6% of the µ+ µ� decays on the
26 m beam length yielding total of 14.6 ⇥ 10 6 background particles per bunch crossing (BX).
The corresponding statistical weight (⇠ 22.3) was taken into account in the following ILCRoot
simulation. For each particle output by MARS15, 22 or 23 particles were generated by choosing a
new azimuthal angle at random. This provided a total of 3.24 ⇥ 10 8 particles entering the detector
in the ILCroot simulation. The most abundant background consists of photons and neutrons.
Table 1 lists these background yields together with kinetic energy thresholds used in the MARS15
simulation for di�erent types of particles.

– 2 –

arxiv:2303.08533

6m
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Nozzle impact on background
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      e+       e-        γ      n

Fig. 2: The top picture shows the tracks of secondary particles for a few µ
� decays arriving from the

right, while in the middle picture neutrons are excluded. The bottom plot illustrates the tracks in the case
of a single µ

� decay in the proximity of the IP. Different particle types are separated by colour: photons
(red), neutrons (blue), e� (black), e+ (yellow).
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Single µ decay

Photons Electrons Neutrons

Suppress high 
energy component


Tradeoff: increase in 
low energy neutrons

Open question: optimal nozzle 
shape/material to reduce BIB 

& maximize signal acceptance

EPS 2023 Proceedings

https://inspirehep.net/files/bc81da2546e6f06ce79d4d0e2c92364d
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Overall environment
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Realistic environment

14(note: full time range is relevant for radiation damage)

For one year of operation

100 TeV pp ~3 orders of 
magnitude worse


~1018  MeV-neq /cm2

Up to ~10 x hit density

~1/1000 event rate

Compared to HL-LHC

Similar dose & fluence
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Background properties
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Majority < 200 MeV Partially out of time Unusual position & direction

Fig. 3: Kinematic properties of BIB particles entering the detector region: momentum (left), position
along the beam line (middle) and arrival time with respect to the bunch crossing (right).

to mitigate the negative effects of the BIB, as demonstrated in the later sections of this paper.

2.2 Simulation in FLUKA
We report in this section the most relevant BIB features computed at

p
s = 1.5 TeV by the Monte Carlo

multi-particle transport code FLUKA [57,58]. The complex FLUKA geometry is assembled by means of
the LineBuilder [59] using the optics file provided by the MAP collaboration. The accelerator elements
have been defined in Fluka Elements Database following the information contained in this file and in
MAP publications [60,61]. The results obtained by FLUKA are benchmarked against those provided by
the MAP collaboration and the detailed comparison is described in Ref. [53].

The results presented below are computed for one beam, given the symmetric nature of the µ
+
µ
�

collider. In particular, the primary µ
� beam is simulated according to parameters reported in Table 1

travelling counterclockwise starting 200m away from the IP.
The major contributors to BIB are photons, neutrons and electrons/positrons. The time at which

BIB exits the machine in the IR is spread over a wide range but the major part is concentrated around the
beam crossing time (t = 0), as shown by the top panel of Fig. 4.

The bottom panel of Fig. 4 reports the longitudinal distribution of primary µ
� decays generating

the most relevant BIB families: the cumulative function shows it is enough to consider decays within
⇠ 25m from the IP. On the contrary, simulations show that to correctly account for the secondary µ

±, it
is necessary to consider primary decays up ⇠ 100m from the IP.

The kinetic energy distribution of most relevant BIB particle types is reported in Fig. 5. Energy
cutoffs have been applied in the simulation at 100 keV for �, e±, µ±, charged hadrons and at 10�14 GeV
for neutrons. The nozzles act in a very significant way in cutting out the high energy BIB component:
as we can notice the BIB particles entering the detector hall have kinetic energy below few GeVs. Only
charged hadrons and secondary muons can reach much higher energies but their number is quite low, in
the order of 104 and 103, with respect to 107 photons, neutrons and 105 electrons, positrons.

Most of the BIB exits the machine in the region around the IP and by considering a time cut within
-1 and 15 ns, which is the most relevant for the detector measures, a big portion of photons and neutrons
is removed, as displayed by the left panel of Fig. 5.

12

With standard nozzle ~108 low momentum particles per event

But this background looks very different from signal!

Details depend on beam energy, collider lattice, nozzle, and solenoid
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Hit rates, pointing, and timing
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Occupancy most challenging for the innermost layers of the tracker

Optimize for <1% & leverage techniques from HL-LHC upgrades

Tracker

S. Jindariani, 2023, Stony Brook HEP Seminar27

• Need to build detectors that can tell the difference between post-nozzle BIB 
and signal 

• The BIB is mostly low energy, out of time and not pointing to the Interaction 
Point

• Some similarities with LHC pileup - can build on that experience! 

Computing and Software for Big Science (2021) 5:21 

1 3

Page 5 of 9 21

of flight of a photon from the IP to the corresponding sensor 
surface, referenced later in text as time of flight (TOF), is 
an important discriminating factor between the signal and 
BIB contributions, as demonstrated in Fig. 6, 7, 8. Yet the 
two hit classes are treated differently at the digitisation step. 
SimCalorimeterHits reflect the physical granularity 
of the detector, and a digitised hit is obtained by summing 
all contributions from MCParticles to the corresponding cell 
during a fixed readout time window. Instead SimTrack-
erHits are treated independently from each other, assum-
ing no physical division of sensor planes into pixels or strips, 
and the finite spatial and time resolution effects are applied 
by a Gaussian smearing of their position and time.

A more advanced digitisation processor is being devel-
oped for the tracking sensors that takes into account the 
charge sharing between pixels, realistic hit-time recon-
struction and pile-up effects. This more complex approach 
will unavoidably make the tracker-digitisation process more 
computationally demanding, and will also need an adjusted 
selection of input BIB MCParticles and SimTracker-
Hits relevant for the digitisation process. Therefore, some 
of the optimisation strategies described in the following will 
need to be revised in the future.

The main optimisation steps explored during the course 
of these studies are summarised in Table 1 together with 
the approximate effect on the main performance metrics. 
Detailed description of these and potential future optimisa-
tions to be studied is presented in the following subsections.

Simulation of BIB SimHits

Every particle in GEANT4 simulation is processed inde-
pendently, which allows to easily parallelise this step into an 

Fig. 6  Comparison of the TOF-corrected time distributions for hits 
from signal and BIB particles in the tracking detector, assuming sin-
gle-hit time resolution of !

t
 = 30 ps (60 ps) in the Vertex Detector 

(Inner/Outer Tracker). A narrow time window of ±3!t (represented 
by the dashed lines) allows to reject most of the BIB hits

Fig. 7  Comparison of signal and BIB hit properties in the ECAL 
Barrel: TOF-corrected time (top) and longitudinal position along the 
barrel radius (bottom). Soft BIB particles have a wider time distri-
bution due to the spread of their origin and time of flight, allowing 
to suppress their contribution with a narrow readout time window of 
±250 ps. Depth profile of the remaining hits can be used for further 
subtraction of the average BIB energy deposits

Fig. 8  Time distribution of simulated tracker and calorimeter hits 
corrected for the time of flight of a photon from the IP. The maximum 
hit time relevant for digitisation with realistic readout time windows 
is marked by the dashed line

Tracker

S. Jindariani, 2023, Stony Brook HEP Seminar28

• ~100 m2 of silicon sensors
• Low mass/power, radiation tolerance, low noise
• Pixel size optimized to bring occupancy to <1%
• Total number of channels ~ 2B

Vertex Detector

Inner Tracker

Outer Tracker

CMS is building ETL using LGAD sensors 
with ~30 ps resolution
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Use doublet layers 
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Tracker Requirements
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2203.07224

ATLAS & CMS building timing layers with 
~30 ps timing resolution for HL-LHC
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Fig. 7: View of the tracking detector projected on Z�R (left) and transverse plane (right). The transverse
plane view is zoomed into the Vertex Detector to demonstrate the double-layer arrangement.
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Fig. 8: Comparison of hit-time distributions in the Tracking Detector between BIB particles (solid lines)
and signal muons (filled areas) corrected by the time of flight of a photon from the IP, taking into account
time resolution of each sub-detector.

4 Detector Simulation Software
Full simulation of a single µ

+
µ
� collision event involves several stages:

1. generation of all stable particles entering the detector;
2. simulation of their interaction with the passive and sensitive material of the detector;
3. simulation of the detector’s response to these interactions;
4. application of data-processing and object-reconstruction algorithms that would happen in a real

experiment.

The first stage of generating stable input particles is handled by standalone software, such as
Monte Carlo event generators for the µ

+
µ
� interaction and FLUKA or MARS15 for the BIB particles.

The rest of the simulation process is performed inside the iLCSoft framework [63] previously used by
the CLIC experiment [64] and now forked for developments of Muon Collider studies [65]. Particle
interactions with the detector material are simulated in GEANT4 [55], while detector response and event

16

Sub detector Size Timing
Vertex Detector 25 x 25 µm2 30 ps
Inner Tracker 50 µm x 1 mm 60 ps
Outer Tracker 50 µm x 10 mm 60 ps

• Large area & highly granular

• ~100 m2 of silicon sensors

• ~ 2B channels


• Promising R&D directions

• Monolithic sensors

• Devices with intrinsic gain

• Intelligent sensors


• Challenges: 

• Power consumption 

• DAQ/trigger: O(100) TB/s

• “Streaming” readout looks 

feasible
More from Timon
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High Granularity Calorimeter

12

Calorimeter

S. Jindariani, 2023, Stony Brook HEP Seminar30

• BIB dominated by low energy neutrals: photons (96%) and neutrons (4%)

• A low energy noise cloud that needs to be subtracted 

10 GeV Photon 10 GeV Photon+BIB

Background = large, out of time low 
energy cloud of neutrals


~2 MeV γ (96%) 

~500 MeV n (4%)


Current design assumes

ECAL: Silicon+Tungsten 5x5 mm2 cells


HCAL: Steel+Scintillator 30x30 mm2 cells

Timing resolution (~100 ps)

+ Longitudinal segmentation


Room for new ideas 

(e.g. Crilin, Calvision?)


More from Chris
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Reconstruction
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Works well! But is an active 
area of development


O(100) tracks per event after pT, 
nhits, quality of fit requirements


Photon and particle flow jet 
performance similar to hadron 

collider

Combinatoric tracks

Tracking Performance

S. Jindariani, 2023, Stony Brook HEP Seminar29

Track relative momentum resolution Track impact parameter resolution
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Fig. 26: Left: relative difference between reconstructed and true jet pseudo-rapidity. Right: b-jet pT
resolution as a function of the jet pT .
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Fig. 27: Left: Jet reconstruction efficiency (left) and jet pT resolution (right) as a function jet pT for
b-jets, c-jets and light jets in the central region |⌘| < 1.5. It has been checked that differences between
the jet flavours are mainly due to different jet ⌘ distributions in the three samples.

6.7 Future prospects on jet reconstruction
Before discussing the heavy-flavour jet identification, we notice that, at this stage, the jet reconstruction
algorithm can be improved in several ways. In this Section some guidelines are given:

– track filter: it has been verified that the track filter has a different impact in the central and the
forward region, in particular the efficiency in the forward region is lower. An optimized selection
should be defined,

– calorimeters threshold: the hit energy threshold has been set to the relatively high value of 2
MeV, as a compromise between computing time and jet reconstruction performance. This is a
major limitation in the jet performance as can be seen in Fig. 29 (left), where the H ! bb̄ dijet
invariant mass, reconstructed without the presence of the BIB, is compared between 2 MeV and
200 KeV thresholds. However reducing this threshold is not an easy task, given the large number
of calorimeter hits selected from the BIB that contaminate the jet reconstruction. This is shown
in Fig. 29 (right), where can be clearly seen that the performance at 1 MeV threshold is degraded
with respect to 2 MeV. To tackle this problem an optimized algorithm should be developed: as
an example thresholds that depend on the sensor depth could by applied, since the longitudinal
energy distribution released by the BIB is different from the signal jets as shown in Fig. 30 (right).
A generalization of this idea could be the application of a multivariate-algorithm trained to select
signal hits and reject BIB hits,

– fake jet removal: the fake jet removal applied in this study has an impact in reducing the jet

30
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Extracting Physics
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High quality physics demonstrated in full simulation - in good agreement with fast sim!

Composite Higgs Scenarios

Higgs self-coupling
Disappearing track

2209.01318

http://arxiv.org/abs/arXiv:2209.01318


Status, Open Questions
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Page 5 | F. Meloni | 10 TeV detector - MDI feedback | 24/10/2023

Updating to a new tracker
Greatly improved tracking software (based on the ACTS library) made the double 
layers redundant 

• Barrel region of vertex detector revised keeping only one double layer pair
• Endcaps also need re-optimisation (future work)

Since Snowmass: 10 TeV efforts

Challenge: detector size needs to grow with energy

16

B-meson

〈L〉

SM particle mean decay lengths

D-meson

〈L〉

(
σpT

pT
) ∼

pT

BL2

σpoint

N

Eg. Solenoid field (5T)

& tracker size R=1.5 m


 

Two 10 TeV detector efforts 
ATLAS/CMS style

CMS: 3.8 T 

13 m long 


6 m in diameter
   

Shower containment
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BIB at 10 TeV
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Page 8 | F. Meloni | 10 TeV detector - MDI feedback | 24/10/2023

Tracker occupancy

2303.08533 

Note: average occupancy in endcaps does
not capture the (important) radial dependence

Changes wrt detector meeting: use high stats FLUKA runs
bugfix in radius of “cloned” FLUKA particles
time window max cut was set to 3𝜎

IT layer 0
~10% occupancy
Revisit technology?

F. Meloni, D. Calzorani 

Innermost pixel layers reduced by ~50%

Page 10 | F. Meloni | 10 TeV detector - MDI feedback | 24/10/2023

Tracker endcap radial dependence

The region closest to the nozzles has a much higher occupancy than the rest of 
the endcap disk

• Causes an hotspot close to occupancy target 
• Most of the track reconstruction time is also spent here

1% occupancy

IMCC has made massive progress on 10 TeV BIB with Fluka 

Occupancies similar to 3 TeV or slightly lower 

Endcaps close to occupancy limits near nozzles

https://indico.cern.ch/event/1349856/contributions/5682686/attachments/2759106/4804709/MDI_10TeV_BIB++.pdf
https://indico.cern.ch/event/1349856/contributions/5682655/attachments/2759321/4805087/10_TeV_towards_nozzle_optimization.pdf
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Work in progress: MDI
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D. Calzolari @ICHEP

13

Current nozzle op�miza�on: nozzle shape

 Considering the par�cle 5uences in the nozzle, a tenta�ve nozzle geometry reshaping has 
been conducted. 

Tungsten layer aQer the 
boron one. Smallest 

thickness: ~1 cm

More boron aQer the inner 
‘boAleneck’

Lateral tungsten shaven o% 
from the lateral side. The 
photon 5uence is already 

small, the EM shower 
development is forward 

peaked

Can we also improve forward acceptance? 

Initial look at varying interaction region lattice & nozzle configuration

Changing nozzle seems more promising than changing lattice 
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Current nozzle op�miza�on: nozzle shape

 Considering the par�cle 5uences in the nozzle, a tenta�ve nozzle geometry reshaping has 
been conducted. 

Tungsten layer aQer the 
boron one. Smallest 

thickness: ~1 cm

More boron aQer the inner 
‘boAleneck’

Lateral tungsten shaven o% 
from the lateral side. The 
photon 5uence is already 

small, the EM shower 
development is forward 

peaked

https://agenda.infn.it/event/28874/contributions/170190/attachments/93808/128146/ICHEP.pdf
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Work in progress: forward muon tagging
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Initial Conclusions from theorists:


Need to tag high-energy muons 
up to |η|=6


Don’t necessarily need to 
measure their momentum

Important for Higgs Width and Couplings

Difficult question to address in simulation

Configuration? Rates? Detector requirements? 

2401.08756
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Open Question: Luminosity

Previous lepton colliders: 

Forward electrons from Bhabha scattering 

20

D.Lucchesi - MuC Lumi 

Proposal to use central muons for µC

Questions: Stats? Theory precision?

ℒ =
N

ϵσth √s=1.5 TeV, lumi = 1e34

Remaining events

https://indico.cern.ch/event/905399/contributions/4335594/attachments/2259034/3834030/Luminosity%20measurement%20at%20Muon%20Collider%E2%80%8B.pdf
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Work in progress: detectors requirements for R&D
Need to think about µC detectors as complete systems


Urgent: define unique µC technology needs & map to US strengths

Subtle: feed this back into physics sensitivity 

21

Eg. Trench/AC-LGADs:

+ meet granularity & timing needs


- electronics consume 100x too much 
power


Eg. Data reduction on chip:

+ seems possible w/ cluster shapes


- need to incorporate µC assumptions

- need to balance bandwidth/latency 

constraints w/ physics needs 

e+e- µ+µ- hh

Granularity 25 x 25 µm 25 x 25 µm 25 x 25 µm

Timing Time of flight 

for PID

~30 ps/hit 

for BIB

~5ps/track 

for pileup

Event Rates up to 10 µs 30 µs 25 ns

Max Hit Rates 40 hits/cm2  ~103 hits/cm2  ?

Cooling air -30C ?

Radiation - ~1015 ~1018

Eg. For the pixel detector
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Missing: novel ideas

10 TeV µC designs = iteration on 3 TeV µC =  iteration on CLIC = iteration on X


No one has looked at multi-TeV muon collider and tried a fundamentally new approach 

- we need to enable people to do this


Main bottle neck full sim

Need to simulate BIB for any nozzle/detector changes


Computationally expensive

We (US) don’t have the capability to do this


Only ~a few people in Europe do

22
More from Simone
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So far US design efforts have been a few PIs with ~10% of time + undergrads

Small progress relative to IMCC, which has a few full time people


How can we onboard most efficiently?


Is it realistic to have students/postdocs work on muC with a larger fraction of time?


How can we gain & maintain critical expertise (MDI/simulation) ASAP?

Person power questions
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Strategy questions

Goal should be to 

1. Demonstrate feasibility to deliver physics case 

2. Ensure necessary technology R&D begins now


Suggestion: Make a list of focused questions we want to answer. 

Each question = 1 paper, prioritize a few at a time


Suggestion: pair physics/design questions to hardware R&D 

Potentially useful in terms of student education & obtaining funding
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Detector Opportunities
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Promising Detector Technologies

Other Considerations

S. Jindariani, 2023, Stony Brook HEP Seminar33

• DAQ: Long time (10s of microseconds) 
between bunch crossings. Estimates indicate 
that a “streaming” architecture is possible. 
Various options for how to filter/store data

• Forward Detectors: Just started to 
investigate possibility of instrumenting the 
forward region for muon tagging, BSM 
physics, and for luminosity measurements

https://arxiv.org/abs/2203.07224
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Data Acquisition and trigger
It’s a lepton collider, goal is to save every event
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rate per pixel module 

rate = Nhits · hit-size · event rate · safety factor


Nhits/module = 1000/mm2 · 20 cm2  ~20k hits

Hit size = 32 bits to encode x/y/amp/time


rate = 30k · 32-bit · 30 kHz · 2

rate = 50 Gb/s → Per front-end ~ 20 Gb/s

~Double compared to HL-LHC

Needs R&D but within reach!


Benefits from on-detector data reduction

~10 x hit density

~1/1000 event rate

Trigger constraints

with respect to HL LHC

O(100) Tb/s

~Similar to LHCb in Run 3 

Streaming within reach


Store reconstructed/filtered events

On-detector constraints
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Incoherent e+e- background

e +e− pairs production via collision of two virtual 
photons due to beamstrahlung


Typical low energy, move along the beam, depends on solenoid B-field

Studied at √s=2 TeV, need to understand at higher energies
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Larmor Radius Detector XS N/bunch
< 100 MeV < 1 mm Invisible 10 mb 10^5

100 MeV - 1 GeV 1 mm - 1 cm Vertex 1 mb 10k
1 GeV - 10 GeV 1 cm - 10 cm Main detector 0.4 mb 4k

total energy flux about 10 TeV per bunch crossing.

9601273

https://arxiv.org/abs/hep-ph/9601273

