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Interaction Region and MDI Design

The high luminosity requires:
§ Low beta-function at the IP (few cm)
§ High number of muons per bunch (𝑁!~2 $ 10"#)

Muons decay particles…back of the envelope evaluation:
beam 1.5 TeV 𝜆 = 9.3×10$m, with 2×10"#𝜇/bunch ⇒ 2×10%decay per meter of lattice.

Beam induced background (BIB), if not properly treated, could be critical for: 
§ Magnets, they need to be protected.
§ People, due to neutrino induced radiation.
§ Detector, the performance depends on the rate of background particles arriving to each subdetector.

A holistic approach is needed, tight together the development of the IR optics, the magnets and the 
shielding strategies (magnets and detector). 
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Beam-Induced Background production 

Figure 2 shows the dependence on momentum of 
betatron tunes and momentum compaction factor obtained 
with some help from additional octupole and decapole 
correctors placed in the CCS. The stability range of 
±1.2% significantly exceeds the minimum requirement. 

Problems with the dynamic aperture (DA) and beam-
beam effect in a muon collider are significantly alleviated 
by the fact that muons will be dumped after less than 
2000 turns (see Section IV). In the result the high order 
resonances have little chance to show up. Preliminary 
studies [10] using MAD code demonstrated a good 
dynamic aperture (~5σ) in absence of magnet 
imperfections and beam-beam effect and only a modest 
DA reduction with the beam-beam parameter as large as 
0.09 per IP*. 

The presented design raises a number of questions: 
large values of vertical β-function and therefore of the 
vertical beam-size in the IR quads and dipoles make it 
necessary to reconsider earlier magnet designs, closeness 
of the dipoles to IP may complicate the detector 
protection from γ-radiation emitted by decay electrons 
and positrons and from these electrons and positrons 
themselves.  

These issues as well as problems with heat deposition 
in the magnet coils are considered in the subsequent 
sections. 

III. IR MAGNET DESIGN  
Figure 3 shows vertical and horizontal sizes of the 

muon beam corresponding to parameters from Table 1 
and the inner radii of closest to IP magnets determined by 
the requirement a > 5σmax+1 cm. A 5σ aperture radius 
may seem too small compared to 9σmax aperture adopted 
for the LHC IR upgrade [11]. However, one should keep 
in mind that in MC there is no crossing angle and, due to 
short time the muons spend in the collider, there will be 
practically no diffusion so that the beams can be 
collimated at less than 4σ amplitudes; the remainder 
providing room for possible closed orbit excursions. In 
the actual magnet design, the bore radius was increased 
by additional 5 mm to provide more space for the beam 
pipe and annular helium channel. 
                                                           
* It should be noted that such values of beam-beam parameter were 
already achieved in e+e− machines. 

The expected level of magnetic fields in IR magnets 
suggests using Nb3Sn superconductor. This 
superconductor has the most appropriate combination of 
the critical parameters including the critical current 
density Jc, the critical temperature Tc, and the upper 
critical magnetic field Bc2 [12]. Cu-stabilized multi-
filament Nb3Sn strands with Jc(12T, 4.2K)~3000 A/mm2, 
strand diameter 0.7-1.0 mm and Cu/nonCu ratio~0.9-1.1 
are commercially produced at the present time by industry 
in long length [13]. 

FIG. 4 (color). Cross-sections and a good-field region of 
Q1 (a), Q2 (b) and Q3-Q5 (c) quadrupoles. The dark blue 
color corresponds to the field error |δB/B|<10-4. 

A. IR Quadrupoles 
The IR doublets are made of relatively short 

quadrupoles (no more than 2 m long) to optimize their 
aperture according to the beam size variation and allow 
for placement of protecting tungsten masks between 
them. The first two quadrupoles in Fig. 3 are focusing 
ones and the next three are defocusing ones. The space 
between the 4th and 5th quadrupoles is reserved for beam 
diagnostics and correctors. 

The cross-sections of MC IR quadrupoles based on 
two-layer shell-type Nb3Sn coils and cold iron yokes are 
shown in Fig. 4. Their parameters are summarized in 
Table 2. All the designs use wide 16.3 mm wide cable 
made of 37 strands 0.8 mm in diameter. Strand Jc(12T, 
4.2K) after cabling is 2750 A/mm2 and Cu/nonCu ratio is 
1.17 [14]. To maximize the iron contribution to the 
quadrupole field gradient, it is separated from the coils by 
thin 10 mm spacers. The two-layer coil design and the 
total coil width were selected based on the results of 
Nb3Sn cable and coil R&D.  

TABLE II. IR quadrupole parameters. 

Parameter Unit Q1 Q2 Q3 

Coil aperture mm 80 110 160 

Nominal gradient T/m 250 187 -130 

Nominal current kA 16.61 15.3 14.2 

Quench gradient @ 4.5 K T/m 281.5 209.0 146.0 

Quench gradient @ 1.9 K T/m 307.6 228.4 159.5 

Coil quench field @ 4.5 K T 12.8 13.2 13.4 

Coil quench field @ 1.9 K T 14.0 14.4 14.8 

Magnetic length m 1.5 1.7 1.7 

 

FIG. 3. Beam sizes and aperture of the FF magnets. Starting from the IR optics a machine “geometry” is produced by using LineBuilder. 
The geometry is read by FLUKA and the BIB is generated.  

IR optics designed by MAP 
collaboration for 𝑠 = 1.5 TeV and 
𝑠 = 3 TeV.

To protect the detector by the effects of the 
huge amount of  beam-induced background 
two conical shaped absorbers, nozzles, are 
introduced. Shape, angles, materials optimized 
as a function of 𝑠.
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BIB in the detector 
FLUKA simulation

Detector

Detector
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People involved in MDI

N. Bartosik, INFN-To
M. Biagini, S. Guiducci, INFN-LNF
M. Casarsa INFN-TS
F. Collamati, INFN-Roma1
C. Curatolo, D. Lucchesi Universita’ e INFN PD
A. Mereghetti, CNAO
N. V. Mokhov, FNAL
M. Palmer, BNL
P. Sala INFN-Mi

Additional people from CERN are joining the effort.
Task force is starting involving accelerator and detector experts

INFN Leadership that we would like to keep and strengthen
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CLIC Detector 
technologies 
adopted 
with important 
modifications to 
cope with BIB.

Physics and Detector Studies INFN Confluence Site

https://confluence.infn.it/display/muoncollider/Muon+Collider+Home


Example of Detector optimization: T𝐫𝐚𝐜𝐤𝐞𝐫 𝐚𝐭 𝑠 =1.5 TeV

Tracking performance have been studied applying 
timing and energy cuts on clusters reconstruction 
compatible with IP time spread

Detector Performance Studies at a Muon Collider - ICHEP2020 - July 29, 2020M. Casarsa 6

MDI and detector design

Two examples of MAP’s solutions

to cope with the BIB:

MDI: two tungsten nozzles

with 5-cm polyethylene 

cladding for neutrons reduce

the beam-induced background

in the detector by a factor 

of ~500.

VXD geometry: the vertex

detector barrel is designed 

in such a way not to overlap

with the BIB hottest spots

around the interaction region.
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The impact of BIB on tracking system could be severe if not mitigated
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Vertex detector barrel properly designed to not 
overlap with the BIB hottest spots around the 
interaction region 



April 8, 2021

9
Physics measurements are possible with the full simulated detector

The process 𝜇&𝜇' → 𝐻𝐻𝜈�̅� → 𝑏6𝑏𝑏6𝑏𝜈�̅� at 𝑠 = 3TeV is under study by using the full 
detector simulation

Assumptions
• ℒ()* = 1.3 𝑎𝑏'"
• Running time = 4 · 107 s   
• one detector

 13

HH cross section measurement

● As a first attempt to estimate the HH cross 
section uncertainty at 3 TeV, we applied the 
tagging efficiencies obtained in the 1.5 TeV 
case → Again this is very conservative!

● A 5-observable Boosted Decision Tree has 
been trained to separate signal from 
background.

● With 1.3 ab-1 (4 years of data taking) at 3 TeV 
we expect to select 67 HH events and 745 
background events.

● With a simple fit to the BDT → An uncertainty 
of 33% on the cross section has been 
obtained.

data

HH

Bkg

√s=3 TeV 
1.3 ab-1

HH

Bkg

PRELIMINARY

With a simple fit to 
the BDT output 

𝚫𝝈
𝝈
= 𝟎. 𝟑𝟑

CLIC has 10% with 
5 𝑎𝑏-1 and very 
refined analysis
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Organization of Physics and Detector

New Proposal
Officialize the Physics and Detector coordination team within the collaboration, in progress 

Physics and Detector 
Studies

D. Lucchesi 

Trackers and tracks 
reconstruction

M. Casarsa

Calorimeter and jets 
reconstruction

L. Sestini

• Theory and Phenomenology: A. Wulzer and F. Maltoni
•

Currently

INFN leadership that we would like to keep 
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People involved Detector and Physics 
INFN:
C. Aimè, P. Andreetto, N. Bartosik, L. Buonincontri, M. Casarsa, A. Colaleo, U. Dosselli, A. 
Gianelle, D. Lucchesi, P. Mastrapasqua, A. Montella, N. Pastrone, C. Riccardi, P. Salvini, I. 
Sarra, L. Sestini, I. Vai, R. Venditti, A. Zaza

DESY: F. Meloni
Dresda: A. Ferrari
UK: A. Cerri
Fermilab: S. Jindariani, H. Weber, R. Lipton
Harvard University: L. Lee
LBL: E. Resseguie, S. Pagan Griso, K. Krizka
TRIUMF:M. Swiatlowski, M. Valente

Express interest but not yet involved: Portugal, France (CEA). 
Several other US University and Lab people ready to resume withing Snowmass activities 
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Software and Computing

People involved on detector and physics simulation are developing code, but code and 
infrastructure supported and maintained by P. Andreetto and A. Gianelle, INFN-PD

§ Starting point ILCSoft, full simulation of detector and objects reconstruction made 
developed by INFN. 

§ Code available on github and distributed via DockerHub we are at Version v02-06-MC
§ Tutorial on INFN-Confluence

§ VO muoncoll.infn.it supported by CNAF 
§ CVMFS repository supported by CNAF
§ Storage Element @CNAF ( storm-fe-archive.cr.cnaf.infn.it )
§ CPU and Disk space available mainly at CloudVeneto and starting at CNAF
§ Fermilab contributing with CPU and disk space.

INFN leadership on software and infrastructure, an added value, that we want to keep 
Part of AIDAInnova task 12.2 Turnkey Software (unfunded)

https://github.com/MuonColliderSoft
https://hub.docker.com/r/infnpd/mucoll-ilc-framework
https://confluence.infn.it/display/muoncollider/Tutorial
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Backup 
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Calorimeter System at 𝑠 =1.5 TeV 

BIB characteristics to be exploited to:
§ Design appropriated calorimeter system 
§ Optimize jet reconstruction algorithm and design 

appropriate algorithm to identify b-jets.

ECAL barrel  hit arrival time – t0

Calorimeter Occupancy

Few BIB hits arrive to the muon detectors

ECAL barrel longitudinal coordinate 
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Muon Reconstruction with BIB at 𝑠 = 1.5 TeV

Marginally affected by BIB


