
Machine-detector interface: status and future developments
Riunione di referaggio, 4 settembre 2023 

Donatella Lucchesi

This project has 
received funding from 
the European Union’s 
Research and 
Innovation 
programme under 
GA No 101094300. a

1



September 4, 2023

Beam background 
sources in the 
detector region

2021 JINST 16 P11009

Figure 4. Pictorial view of tracks of secondary particles in the IR and in the first magnets around the IR in
case of few muon decays: all particles but neutrons (top frame) and all particles including neutrons (middle
frame). Bottom frame: secondary particle tracks in case of a single muon decay in the proximity of the IP.

Table 3. Number of BIB particles obtained using MARS15 and FLUKA. For each particle type the threshold
energy is also reported. Results for a 2 ⇥ 1012 `� beam, decaying within 25 m from the IP.

Particle (Kth) MARS15 FLUKA

Photon (100 keV) 8.6 107 5 107

Neutron (1 meV) 7.6 107 1.1 108

Electron/positron (100 keV) 7.5 105 8.5 105

Ch. Hadron (100 keV) 3.1 104 1.7 104

Muon (100 keV) 1.5 103 1 103
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✘ Muon decay along the ring, 𝜇! → 𝑒!�̅�"𝜈#: dominant process at all 
center-of-mass energies
❊ electromagnetic showers ⟹ electrons and photons
❊ photons from synchrotron radiation from the energetic electrons in 

collider magnetic field
❊ Photonuclear interaction with materials, mainly shielding, ⟹ hadronic 

component
❊ Bethe-Heitler muon, 𝛾 + 𝐴 → 𝐴! + 𝜇"𝜇#

✘ Incoherent 𝑒!𝑒$ production 𝜇$𝜇! → 𝜇$𝜇!𝑒$𝑒!: could be important at 
𝑠~10 TeV
❊ small transverse momentum 𝑒#𝑒" ⟹ trapped by detector magnetic field

✘ Beam halo: level of acceptable losses to be defined, not an issue now
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Shielding structure, the nozzles

2021 JINST 16 P11009

Figure 2. Interaction region. The passive elements, the nozzles and the pipe around the interaction point
are constituted by iron (Fe), borated polyethylene (BCH2), berillium (Be), tungsten (W) and concrete. The
detector outer shape is a 11.28 m long cylinder of 6.3 m radius. The space between the outer shape and the
nozzles is considered as a perfect particle absorber (“blackhole”). The bunker is a 26 m-long cylinder with a
radius of 9 m.

Figure 3. Detailed geometry and material description of the nozzles from [21].

In order to have a reasonable statistics, the muon decay has been biased, increasing the decay
probability; decay products are assigned a weight later used for estimating results, to compensate
for the bias. Decay products are further transported in the geometry, with accurate description
of electromagnetic and hadronic processes. Hadrons (mostly neutrons) are generated through
electronuclear and photonuclear interactions.

The scoring is performed by saving in a dump file tracks exiting the machine, either from the
tungsten nozzle or from any of the IR components. In particular, these quantities are registered:
particle type, energy, momentum, statistical weight, position, time, position of the decaying muon,
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Designed by MAP (Muon Accelerator Program)
N.V. Mokhov et al. Muon collider interaction region and machine-
detector interface design Fermilab-Conf-11-094-APC-TD

D. Calzolari
IMCC Ann. 
meeting 
Orsay 2023

Optimized for 
𝑠 = 1.5 TeV

4

https://indico.cern.ch/event/1250075/timetable/
https://indico.cern.ch/event/1250075/timetable/
https://indico.cern.ch/event/1250075/timetable/


September 4, 2023

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. 

Optimization of Interaction Region at 𝒔 = 𝟏. 𝟓	TeV 

Y.I. Alexahin et al. Muon Collider Interaction Region Design FERMILAB-11-370-APC
N.V. Mokhov et al. Muon collider interaction region and machine-detector interface design Fermilab-Conf-11-094-APC-TD

Q1, Q2 : focusing quadrupoles
Q3, Q4, Q5: defocusing quadrupoles
Space between Q4 - Q5 is for beam 
diagnostics/correctors. 
B1: dipole 

 

Quadrupoles in Nb3Sn → detailed characteristics in the 
papers.

Dedicated dipoles to minimize the number of decay 
electrons in the coils and in the inner part of the detector.
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The effect of the nozzles

• Muon beam 0.75 TeV, IR designed by MAP
• Beam-induced Background generated with FLUKA
• Compare what arrives on the detector with and 

without the nozzle
2021 JINST 16 P11009

Figure 11. Comparison of number and energy spectra of the BIB: with nozzles (Y) in solid red line and
without nozzles (N) in dotted black line.

Figure 12. 1 MeV neutron equivalent fluence in the detector region, normalized to one year of operation

The map of 1-MeV-neq in the region internal to the yoke is shown in figure 12. It has been
obtained, assuming symmetry between the positive and negative muon beams, by reflecting the
values obtained with `� beam around the IP and averaging direct and reflected maps.
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Figure 11. Comparison of number and energy spectra of the BIB: with nozzles (Y) in solid red line and
without nozzles (N) in dotted black line.

Figure 12. 1 MeV neutron equivalent fluence in the detector region, normalized to one year of operation

The map of 1-MeV-neq in the region internal to the yoke is shown in figure 12. It has been
obtained, assuming symmetry between the positive and negative muon beams, by reflecting the
values obtained with `� beam around the IP and averaging direct and reflected maps.
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absorbed
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Figure 11. Comparison of number and energy spectra of the BIB: with nozzles (Y) in solid red line and
without nozzles (N) in dotted black line.

Figure 12. 1 MeV neutron equivalent fluence in the detector region, normalized to one year of operation

The map of 1-MeV-neq in the region internal to the yoke is shown in figure 12. It has been
obtained, assuming symmetry between the positive and negative muon beams, by reflecting the
values obtained with `� beam around the IP and averaging direct and reflected maps.
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neutrons

Neutrons  
increased

Without the nozzle the detector is flooded by high energy particles
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Survived beam-Induced background properties

N. Bartosik et al 2020 JINST 15 P05001

2020 JINST 15 P05001

Figure 2. Characteristics of the beam-induced background particles at the detector entry point: the momen-
tum spectra for photons and electrons and for neutrons and charged hadrons are shown in the left and central
panels, respectively; the time of arrival with respect to the beam crossing time is shown on the right.

3 Detector performance

The detector model and software framework used for the studies presented in this paper can also be
found in ref. [7, 8]. Figure 3 presents a schematic view of the detector components, as implemented
in the ILCRoot framework [9]. These studies focus on the tracking and calorimeter systems, a full
simulation of the muon detector is not currently available. Both the tracker and the calorimeter are
immersed in a solenoidal magnetic field of 3.57 T.

The tracking system consists of a vertex detector (VTD), an outer silicon tracker (SiT) and a
forward tracker (FTD). The vertex detector, located just outside a 400-µm thick Beryllium beam
pipe of 2.2-cm radius, is 42-cm long with five cylindrical layers at distances from 3 to 12.9 cm in
the transverse plane to the beam axis and four disks on each end. Outside the VTD, a 330-cm long
silicon tracker is comprised of five cylindrical layers at radial distances between 25 and 126 cm and
7 + 7 forward disks.

Figure 3. Schematic view of the detector, with each component identified by the label.
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Low momentum particles 
Despite the nozzles, huge number of particles arrives on the detector

Particles arriving on the detector with the nozzle:
• Muon beam 0.75 TeV, IR designed by MAP
• Beam-induced Background generated with MARS15

Detector read-out window [-1ns,15ns]
Partially out of time vs beam crossing t0
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Origin of particles creating hits in the detector: tracker layer 0

Beam pipe Nozzle tip Nozzle 

Nazar Bartosik BIB contribution in the Vertex Detector

Looking at the origin of MCParticles creating hits 
in the innermost barrel layer of the Vertex Detector:    Layer 1  - inner

4

Source of BIB hits: spatial distribution

Primary photons
Primary electrons

Secondary electrons 

created by interaction of  
primary photons with: 
• MDI material 
• detector material

Majority of the hits (90%) created by primary electrons  coming from the MDI outer surface

µ

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.

VXD layer 0

VXD layer 1

VXD layer 2

VXD layer 3
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Vertex layout
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Origin of particles creating hits in the detector: calorimeter

100− 50− 0 50 100 150 200
Z origin [cm]

310

410

510

610

710

BI
B 

pa
rti

cl
es ECAL Barrel

ECAL -Endcap
ECAL +Endcap

Hadronic 
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low 
contribution

Electromagnetic
calorimeter

µ

Beam pipe
Nozzle tip

Nozzle 

ECAL-endcap 
opposite to beam

ECAL-endcap 
same side beam

z position of the original particle background that generated a given hit in ECAL
Background dominated by photons, detailed study of the origin needed to mitigate 
effects on ECAL inner layers

ECAL-barrel

9

N. Bartosik, MDI meeting



September 4, 2023

Beam-induced background study at 𝑠 = 3 TeV
• Interaction region at 𝑠 = 1.5 and 𝑠 = 3.0	TeV designed by MAP 
 [Y. Alexahin, et al. Journal of Instrumentation (2018) 11002]
• Nozzles designed for 𝑠 = 1.5 TeV, not optimized for 𝑠 = 3.0	TeV 
• L*=6 m and detector magnetic field 3.57 Tesla
• Beam-induced background generated with Fluka

Time and z muon decay

15

§Primary muons decay to consider for BIB:   
@1.5 TeV zμ < 25 m 
@3 TeV zμ < 40 m

Time 
Distribution

Muon Decay
Z-Position

Distance from IP of primary muons decay to consider to include all possible 
decay on detector surface:
§ 𝑠 = 1.5	TeV 𝑧# 	≤ 25 m 
§ 𝑠 = 3.0	TeV 𝑧# ≤ 45 − 50 m 
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2018 JINST 13 P11002

For higher energies and/or smaller �⇤ the doublet FF would require the use of HTS magnets
as in the Ec.o.m. = 6 TeV design with �⇤ = 1 cm [6]. However, to keep luminosity increasing with
energy as E2 a smaller �⇤ value is necessary.

Figure 2. Triplet FF quadrupole apertures and 5� beam envelopes for Ec.o.m. = 3 TeV and �⇤ = 5 mm.
Defocusing magnets with 2 T dipole component are shown in cyan. Beam parameters are given in the
summary table of section 5.

Table 1. Ec.o.m. = 3 TeV IR Magnet Parameters.

Parameter QD1 QD2 QF3 QF4-6 QD7 QD8-9 B1

Aperture (mm) 80 100 124 140 160 180 180
Gradient (T/m) �250 �200 161 144 125 �90 0
Bdipole (T) 0 0 0 0 0 2 8
Length (m) 1.85 1.40 2.00 1.70 2.00 1.75 5.80

An obvious solution is to use a triplet FF. Figure 2 shows the IR design for Ec.o.m. = 3 TeV
and �⇤ = 0.5 cm [7], which is based on Nb3Sn quadrupoles with the parameters listed in table 1.
The quadrupole inner radii satisfy the requirement: R > 5�max + 2 cm, which guarantees that the
beam will be in a good field region and provides enough space for absorbers. The gradients were
chosen so that the field at the inner bore radius does not exceed 10 T.

The order of focusing and defocusing quadrupoles was chosen to minimize the horizontal
beta-function at the B1 dipole used for dispersion generation. In the result the quadrupoles that are
closest to the IP and farthest from it are defocusing while the inner group is focusing.

There is a certain disadvantage with the inner group of quadrupoles being focusing: the dipole
component in strong focusing quadrupoles is not as e�cient in sweeping away secondary particles
as in defocusing quadrupoles, so it was not introduced in the inner group, despite its favorable
location for that purpose.

The contradiction between the requirements of both the second and the last from IP groups
of quadrupoles being defocusing is naturally resolved in a quadruplet FF. Such a design — with
12 T limit on the total field at the inner bore of the magnets — is presented in figure 3. The final
choice between the triplet and quadruplet versions can be made only after careful study of energy
deposition and detector backgrounds.

– 4 –

Interaction Regions at 𝒔 = 𝟑	TeV 

Triplet FF quadrupole apertures and 5σ beam envelopes for 
𝑠 = 3	TeV and β∗ = 5 mm.

Defocusing magnets with 2 T dipole component in cyan. 

The order of focusing and defocusing quadrupoles chosen to 
minimize horizontal beta-function at the B1 dipole used for 
dispersion generation. 

2018 JINST 13 P11002

Figure 3. Quadruplet FF quadrupole apertures and 5� beam envelopes for Ec.o.m. = 3 TeV and �⇤ = 5 mm.
Defocusing magnets with 2 T dipole component are shown in cyan. Beam parameters are given in the
summary table of section 5.

3.2 Chromaticity correction

It is necessary to correct the IR quadrupole chromaticity in such a way that the dynamic aperture
remain su�ciently large, and does not su�er much from strong beam-beam e�ects and magnet errors.

To achieve these goals, a solution was proposed in the past based on special Chromatic
Correction sections (CCS) with compensated spherical aberrations [8]. Each CCS includes two
sextupoles separated by a �I transformation so that their nonlinear kicks cancel out. There is
an independent CCS for each transverse plane making the total of four chromaticity correction
sextupoles on each side of the IP. This approach has led to a number of muon collider designs;
the best performance among early versions was demonstrated by a 4 TeV c.o.m. collider design by
K. Oide [9].

There are two major problems with CCS. First, they are sources of significant chromaticity
themselves so that the required integral strength of the two sextupoles in a CCS is higher than with
a single sextupole correction. In the result the higher order e�ects in the sextupole strength —
including those due to the finite sextupole length — are greatly enhanced, limiting the dynamic
aperture (especially vertical) by comparable or even lower values.

The authors of the 6 TeV design [6] have overcome this di�culty by adding weak compensating
sextupoles at some (small) distance from the main sextupoles in the vertical CCS thus recovering
the vertical dynamic aperture.

The second problem is the sensitivity to magnet field errors and misalignments which increases
with the increased number and strength of elements at high beta locations. To reduce such sensitivity
a three-sextupole scheme was proposed in ref. [5], where the vertical chromaticity is corrected with
a single sextupole (S1 in figure 1) placed at the same vertical phase advance as the FF quadrupoles.
The spherical aberrations are reduced with the help of a low horizontal beta-function at its location.
For horizontal chromaticity correction a CCS is still necessary since smallness of �y at a normal
sextupole location is beneficial but does not suppress horizontal aberrations. In figure 1 the
horizontal CCS spans the region from S2 to S4.

Sextupoles S2, S3 and S4 form a chromatic three-bump to compensate the second order
dispersion DD = dDd� = d2xd�2(� = �E/p0c) generated by the upstream sources (bottom plot
of figure 1). Since the strength of S2 and S4 should be equal for cancellation of aberrations the net

– 5 –

Quadruplet FF quadrupole apertures and 5σ beam 
envelopes for 𝑠 = 3	TeV and β∗ = 5 mm. 

Defocusing magnets with 2 T dipole component in 
cyan. 

Chosen for the first 𝑠 = 3	TeV study

[Y. Alexahin, et al. Journal of Instrumentation (2018) 11002]
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Beam-induced background comparison 𝑠 = 1.5	𝑣𝑠. 𝑠 = 3 TeV

Time window [-1,15] ns

No time requirements

Optimized IR lattice & 
nozzles at 𝑠 = 1.5 TeV 
to minimize 𝑒#𝑒"	in the 
inner part of the detector

Z position of the muon 
generating a given 
particle arriving to the 
detector area
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First look at beam-induced background at 𝑠 = 10 TeV
• Interaction region designed by IMCC (K. Skoufaris & C. Carli, CERN)
• Nozzles designed for 1.5 TeV
• L*=6 m and detector magnetic field 5 Tesla
• Beam-induced background generated with Fluka

Distance from IP of primary muons decay like 𝑠 = 3 TeV, need to extend it

Time window [-1,15] ns
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Figure 2: Final focus lattice for a
p
B = 10 TeV muon collider.

Top: baseline with !⇤ = 6 m, bottom: alternative lattice with
!⇤ = 10 m.

machine components. As shown in Ref. [14], muon decays
within |I | < !⇤ contribute several orders of magnitudes less
to the BIB than those in final focus quadrupoles.

In order to assess the impact of !⇤ on the BIB, an alter-
native lattice with !⇤ = 10 m was devised (see Fig. 2). The
peak magnetic field at the quadrupole aperture and V⇤ was
assumed to be same as for !⇤ = 6 m. The longer !⇤ requires
larger V-functions in the magnets, therefore increasing the
magnet aperture. On the other hand, the quadrupole gradient
is smaller due to the 20 T limitation and the increased aper-
ture, thus implying a longer final focus scheme. To compare
the background for both lattices, we consider a single `+

bunch circulating in clockwise direction, with a bunch inten-
sity of 1.8 ⇥ 1012 muons. The transport cut for secondary
particles was assumed to be 100 keV, except for neutrons,
which were transported down to 10�5 eV.

Figure 3 shows the number of photons and neutrons per
unit surface entering the detector in proximity of the IP
(|I | < 5 m); results are given per bunch crossing. The
longitudinal distribution has a similar shape for both lattice
configurations, since the profiles are dominated by the nozzle
shape. The total number of particles is similar in both cases,
with a reduction of around 20% for photons and 40% for
neutrons in the !⇤ = 10 m layout. Electrons and positrons,
which are less abundant than photons and neutrons, exhibit
a similar decrease as the photon component. Considering
the higher complexity of the !⇤ = 10 m layout, the obtained
reduction is not considered significant enough for increasing
!⇤ to 10 m.
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Figure 3: The number of photons (top) and neutrons (bottom)
entering the detector volume per unit surface (per bunch
crossing). A larger !⇤ of 10 m leads to a moderate reduction
of the BIB compared to !⇤ = 6 m. Only the contribution of
the `+ bunch is shown (beam direction is from the left to
the right).

Nozzle tip internal angle

Figure 4: Zoom on the nozzle tip up to 20 cm from the IP.
The angle under consideration is highlighted

Nozzle tip

The tip of the nozzle plays a significant role for the back-
ground in the proximity of the IP. While first attempts to
optimize the outer nozzle shape for 10 TeV were shown in
Ref. [14], we present here first background studies for dif-
ferent nozzle tip configurations. Several simulations were
performed, varying the internal angle of the nozzle tip as

Beam-induced background fluxes & characteristics determined by IR & nozzles   
⇒ iterative optimization process

Zoom up to 20 cm from IP
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Figure 5: Photons (top) and neutrons (bottom) entering the
detector volume per unit surface (per bunch crossing). The
di�erent curves correspond to di�erent internal angles of
the nozzle tip; the baseline angle is 2.5 deg. Changing it to
1.5 deg can reduce the peak in the photon fluence profile.
The same reduction applies to electrons and positrons, while
neutrons are mostly una�ected.

shown in Fig. 4. All other geometrical features of the nozzle
were kept the same. Figure 5 reports the obtained distribu-
tions of photons and neutrons entering the detector around
the IP. Like above, only the contribution of the `+ bunch is
shown. Compared to the angle of 2.5 deg used for the MAP
nozzle, we observe a reduction of the peak fluence when
reducing the angle, while increasing the angle degrades the
background. These results highlights the potential of reduc-
ing the particle fluence into the inner tracker by optimizing
the shielding configuration. More studies are needed to
optimize the entire nozzle shape for 10 TeV.

DETECTOR RADIATION DAMAGE

A first evaluation of the cumulative radiation damage in
the detector of a 1.5 TeV muon collider has been presented in
Ref. [15]. By design, the decay-induced power loss per meter
is the same as in the 10 TeV collider (about 500 W/m) due
to a smaller circumference of the 1.5 TeV ring. The 1 MeV-
neutron equivalent fluence for one year of operation was
found to reach �=4@ = 1 ⇥ 1015 cm�2 in the inner tracker of
the 1.5 TeV detector [15], which is comparable to HL-LHC.
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Figure 6: Radiation damage expressed in �=4@ from a single
` beam going from left to right (per year of operation). In
the most loaded region of the tracker, the 1 MeV-neutron
equivalent fluence reaches values of ⇠ 1015 cm�2.

In this paper, we present a first estimate of the muon decay-
induced radiation damage in the detector of a 10 TeV muon
collider with !⇤ = 6 m and a MAP-like nozzle. To normal-
ize the results, we assume that the beam is not extracted
and fully decays in the 10 km collider ring. We further as-
sume that bunches are injected with a repetition rate of 5 Hz,
considering 200 days of operation per year. This is a con-
servative assumption, since the design parameters indicate
that the design luminosity can be reached in a shorter oper-
ation time. With a two-step simulation approach, the BIB
particles obtained in the machine simulation were propa-
gated in a simplified detector model. Figure 6 presents the
1 MeV-neutron equivalent fluence map for one year of op-
eration. Only the contribution of one beam is shown. The
results indicate similar �=4@ values in the inner tracker as
for the 1.5 TeV collider. This is a promising observation,
indicating that the di�erent decay spectrum at 10 TeV does
not significantly worsen the expected radiation damage.

CONCLUSIONS
In this paper, we explored the decay-induced background

in a 10 TeV muon collider. In particular, we assessed the
dependency of the secondary particle fluence on the dis-
tance between IP and final focus magnets (!⇤). The results
showed only a moderate reduction of a few tens of percent
when increasing !⇤ from 6 m to 10 m, at the expense of a
more complex lattice design. In combination with our pre-
vious studies, which investigated the e�ect of dipolar field
components in the final focus layout, we conclude that the
lattice design o�ers a limited potential for mitigating the
background. Another possibility for optimizing the physics
performance at 10 TeV is the nozzle design. The simula-
tions indicate that even a small modification of the nozzle tip
a�ects the particle multiplicity around the IP. Since the most
loaded tracker layers are placed in this region, a detailed
investigation is required to minimize the background and
the tracker occupancy. Finally, we provided a first estima-
tion of the radiation damage in a generic 10 TeV detector
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September 4, 2023

Ø Optimization of baseline nozzles for 3 TeV starting from the MAP IR designs
o By evaluating the detector occupancy (PhD INFN-Accelerators)

Ø Definition of a “baseline” 10 TeV IR, design “baseline” nozzles to produce and study 
beam-induced background
o Needed to produce a detector concept at 10 TeV (accelerator & MDI group)

Ø Investigate a different nozzle concept: shape, new/different materials
o It will be done for 10 TeV, if successful we will re-think the 3 TeV (PhD – Padova 

CERN funds)

Ø Started a collaboration with CERN engineers to engineering nozzles, several, ~40,  
tons of tungsten to be placed in the detector and close to FF 

Near future activities
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