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



Optimization of Interaction Region at 𝒔 = 𝟏. 𝟓 TeV 
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β-functions. Not to allow this to happen the correction 
sextupole must be placed at the same phase advance as 
the quadrupoles.  

Figure 1 presents the IR layout which realizes this idea 
for the vertical plane, the horizontal chromatic function is 
much smaller (see Fig.1 lower plot) and can be corrected 
farther from the IP. Dipoles (shown at the top as orange 
rectangles) are placed next to the FF quadrupoles (blue 
rectangles) and generate a sufficiently large dispersion 
function at the S1 sextupole location. To increase 
dispersion the quadrupoles are displaced by ~1/10 
aperture providing up to 2T bending field The lattice is 
symmetric with respect to the IP so that only the right half 
is shown. 

Another principal difference of the proposed design is 
that we avoid using an error-prone CCS for the vertical 
plane relying only on smallness of the horizontal β-
function at the S1 sextupole location: both resonance 
driving terms and detuning coefficients produced by a 
normal sextupole contain powers of βx and can be reduced 
with its help. 

Such a recipe does not work for the horizontal plane: 
smallness of βy at a normal sextupole location is 
beneficial but does not suppress horizontal aberrations, so 
a CCS is still necessary with –I separated sextupole pair 
(marked as S2 and S4 in Fig. 1). Thus there is total of 
three sextupoles on each side of the IP for the Montague 
chromatic functions correction.  

Correction of these functions – which is important by 
itself – also reduces the higher order chromaticity, i.e. the 
nonlinear dependence of betatron tunes on momentum. 
For the second order chromaticity we have [9] 
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with χz(1) being the linear chromaticity, z=x,y. 

TABLE I. Baseline muon collider parameters [10]. 

Parameter Unit Value 

Beam energy TeV 0.75 

Repetition rate Hz 15 

Average luminosity / IP 1034/cm2/s 1.1 

Number of IPs, NIP -  2 

Circumference, C km 2.73 

β* cm 1 (0.5-2) 

Momentum compaction, αp 10-5 -1.3 

Normalized r.m.s. emittance, ε⊥N π⋅mm⋅mrad 25 

Momentum spread, σp/p % 0.1 

Bunch length, σs cm 1 

Number of muons / bunch 1012 2 

Beam-beam parameter / IP, ξ -  0.09 

RF voltage at 800 MHz MV 16 

Equation (3) shows that the second order dispersion, 
dDx/dδ, also needs to be corrected. This is achieved by 
adjusting the relative values of the first order dispersion at 
sextupoles S2 and S4 and by installing an additional 
sextupole, S3, at the center of the horizontal CCS (Fig. 1). 

This additional sextupole signifies the final departure 
from the concept of non-interleaved sextupole families 
which has also been abandoned in the design of the 
bending arcs [10].  

B. Lattice Performance 
Basic parameters of the muon beams and the collider 

lattice are given in Table 1. With relatively large 
emittances expected from the cooling channel and short 
bunch length the r.m.s. energy spread reaches 0.1% so 
that a momentum acceptance of at least ±0.3% is 
required. 

 

 

FIG. 2 (color). Fractional betatron tunes (top) and 
momentum compaction factor (botom) vs. momentum. 

FIG. 1 (color). IR layout and optics functions (top) and 
chromatic functions (botom). 

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

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. Quadrupoles in Nb3Sn 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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Important role is played by the absorber materials 

geometrical harmonics. As in the case of IR quadrupoles, 
the saturation of iron yoke and the magnetization of cable 
and coil components and coil support structure will 
contribute to the low order field harmonics, mainly to b3 
and b5. All these contributions will be compensated by re-
optimizing the low order harmonics at the operating field. 

As it follows from Table 4, the traditional cos θ design 
provides larger maximum field and respectively larger 
operation margin than the open mid-plane design.  It is 
also more straightforward from the viewpoint of 
fabrication and cold mass cooling. However, the aperture 
of this magnet, the coil volume and the Lorentz force 
level depend on the absorber size which make this design 
also quite challenging. Both designs require significant 
R&D efforts. 

IV. ENERGY DEPOSITION IN MAGNETS 
Energy deposition and detector backgrounds are 

simulated with the MARS15 code [18]. All the related 
details of geometry, materials distributions and magnetic 
fields are implemented into the model for lattice elements 
and tunnel in the ±200-m region from IP, detector 
components [19], experimental hall and machine-detector 
interface. To protect SC magnets and detector, tungsten 
masks in the interconnect regions, liners in magnet 
apertures (wherever needed), and a sophisticated tungsten 
cone inside the detector [5] were implemented into the 
model and carefully optimized. The muon beam with 
parameters cited in Table 1 was assumed to be aborted 
after 1500 turns when the luminosity is reduced by a 
factor of ~6. 

Three cases were considered: (i) “standard” when 10-
cm long tungsten masks with 5 σx,y elliptic openings are 
put in the IR magnet interconnect regions; (ii) with 
additional tungsten liners  inside the quadrupoles leaving 
a 5 σx,y elliptic aperture for the beam; (iii) as first case, 
but with the IR quadrupoles displaced horizontally by 0.1 
of their apertures, so as to provide ~2 T bending field. 
This additional field helps also facilitate chromaticity 
correction by increasing dispersion at the sextupoles, and 
deflect low-energy charged particles from the detector. 

Power density isocontours at shower maximum in the 
first quadrupole are shown in Fig. 6, while Fig. 7 displays 
such profiles in the IR dipole B1. Maximum values of 
power density in the most vulnerable magnets are 
presented in Table 6. One can see that quadrupole 
displacement reduces power density but not enough to 
avoid using liners inside quadrupoles. Combining all the 
three cases has a potential of keeping peak power density 
in the IR magnets below the quench limits of about 5 
mW/g with a necessary safety margin (typically a factor 
of three). 

TABLE VI. Peak power density (mW/g) in most 
vulnerable magnets in three considered cases. 

Magnet (i) (ii) (iii) 

Q1 5.0 1.0 3.0 

Q2 10. 1.0 10. 

Q5 3.7 2.0 3.7 

B1 3.0 2.6 1.9 

Q6 3.6 2.6 2.0 

FIG. 6 (color). Deposited power density in Q1 (mW/g) for three cases: “standard” (left), with absorbers inside (center) 
and with horizontal displacement (right). Larger radii are on the left of the plots. 

FIG. 7 (color).  Power density (mW/g) in B1 dipole for 
case (iii). 

+ horizontal displacement 
of 0.1 of their aperture

Deposited power 
density in Q1 (mW/g) 

Standard, tungsten 
nozzle  

+ tungsten liners 
inside quadrupoles
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V. DETECTOR BACKGROUNDS 
Figure 8 compares calculated electron and gamma 

fluxes for the following cases: left – no masks between 
magnets, 6° cone with a 5σ radius liner up to 2 m from 
IP; center - 5σ masks inserted between FF quads, cone 
angle increased to 10°, 5σ liner up to 1 m from IP; right – 
same as above plus FF quad displacement.  

The masks and increased cone angle reduce the 
electron and gamma fluxes by factors 300 and 20, 
respectively. Displacing the FF quads slightly increases 
the electron flux (by up to 50%) but decreases the gamma 
flux by another factor of 15, so the overall effect of quad 
displacement may be considered as positive. 

Results of further optimization of the cone nose 
geometry are presented in Fig. 9. It shows gamma flux as 
a function of the angle of inner cone opening towards IP 
at the outer cone angle of 10°. For such a cone and a set 
of other the most optimal parameters – as it is seen now – 
the maximum neutron fluence and absorbed dose in the 
innermost layer of the silicon tracker for a one-year 
operation are at a 10% level of that in the LHC detectors 
at the luminosity of 1034 cm-1s-1. Photon fluence is several 
times higher than that at the LHC. 

VI. SUMMARY & OUTLOOK 
The presented interaction region lattice is a part of the 

complete muon collider storage ring design which 
satisfies all requirements from the beam dynamics point 
of view in the considered case of 1.5 TeV center of mass 
energy and the average luminosity of 1034 cm-2s-1.  

All the required IR magnets can be built using the 
Nb3Sn technology which is being developed for the LHC 

FIG. 8 (color). Electron (top) and gamma (bottom) fluxes in the detector in three cases described in the text. 

FIG. 9 (color). Gamma flux vs. inner cone angle at 
different positions of minimal aperture from IP 

Electron fluxes

Photon fluxes

A: no masks between magnets, 
6° cone with a 5σ radius liner 
up to 2 m from IP; 
B: 5σ masks inserted between 
FF quads, cone angle 10°, 5σ 
liner up to 1 m from IP; 
C: same as above plus FF quad 
displacement. 

A B
C

Results:
• Masks and increased cone 

angle reduce 𝑒± and 𝛾 fluxes 
by factors 300 and 20. 

• Displacing FF quads increases 
𝑒± flux by up to 50% decreases 
𝛾 flux by factor 15
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Further Detector Nozzle Optimization 

V. DETECTOR BACKGROUNDS 
Figure 8 compares calculated electron and gamma 

fluxes for the following cases: left – no masks between 
magnets, 6° cone with a 5σ radius liner up to 2 m from 
IP; center - 5σ masks inserted between FF quads, cone 
angle increased to 10°, 5σ liner up to 1 m from IP; right – 
same as above plus FF quad displacement.  

The masks and increased cone angle reduce the 
electron and gamma fluxes by factors 300 and 20, 
respectively. Displacing the FF quads slightly increases 
the electron flux (by up to 50%) but decreases the gamma 
flux by another factor of 15, so the overall effect of quad 
displacement may be considered as positive. 

Results of further optimization of the cone nose 
geometry are presented in Fig. 9. It shows gamma flux as 
a function of the angle of inner cone opening towards IP 
at the outer cone angle of 10°. For such a cone and a set 
of other the most optimal parameters – as it is seen now – 
the maximum neutron fluence and absorbed dose in the 
innermost layer of the silicon tracker for a one-year 
operation are at a 10% level of that in the LHC detectors 
at the luminosity of 1034 cm-1s-1. Photon fluence is several 
times higher than that at the LHC. 

VI. SUMMARY & OUTLOOK 
The presented interaction region lattice is a part of the 

complete muon collider storage ring design which 
satisfies all requirements from the beam dynamics point 
of view in the considered case of 1.5 TeV center of mass 
energy and the average luminosity of 1034 cm-2s-1.  

All the required IR magnets can be built using the 
Nb3Sn technology which is being developed for the LHC 

FIG. 8 (color). Electron (top) and gamma (bottom) fluxes in the detector in three cases described in the text. 

FIG. 9 (color). Gamma flux vs. inner cone angle at 
different positions of minimal aperture from IP 

For example, gamma flux as a 
function of the angle of inner cone 
opening towards IP at the outer cone 
angle of 10°

These studies have brought to the final nozzle configuration  
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Beam-Induced Background study

   The open midplane design for the dipoles provides for 
their safe operation. The peak power density in the IR 
dipoles is about 2.5 mW/g, being safely below the quench 
limit for the Nb3Sn superconductor-based coils at the 1.9-
K operation temperature. At this temperature, first four 
quadrupoles are operationally stable, while the level in the 
next three IR quadrupoles is 5 to 10 times above the limit. 
This heat load could be reduced by a tungsten liner in the 
magnet aperture. 

 
 

Figure 5: Power density (absorbed dose) profiles in the 
first IR dipole. 

MDI AND DETECTOR BACKGROUNDS 
   In the IR design assumed, the dipoles close to the IP and 
tungsten masks in each interconnect region (needed to 
protect magnets) help reduce background particle fluxes 
in the detector by a substantial factor. The tungsten 
nozzles in the 6 to 600 cm region from the IP (as 
proposed in the very early days of MC [8] and optimized 
later [1,3]), assisted by the detector solenoid field, trap 
most of the decay electrons created close to the IP as well 
as most of incoherent e+e- pairs generated in the IP. With 
sophisticated tungsten, iron, concrete and borated 
polyethylene shielding in the MDI region, total reduction 
of background loads by more than three orders of 
magnitude is obrained. 
   Fig. 6 shows muon flux isocontours in the MC IR. Note 
that the cut-off energy in the tunnel concrete walls and 
soil outside is position-dependent and can be as high as a 
few GeV at 50-100 m from the IP compared to 0.2 MeV 
close to the IP. These muons – with energies of tens to 
hundreds of GeV - illuminate the entire detector. They are 
produced by energetic photons from electromagnetic 
showers generated by decay electrons in the lattice 
components. The neutron isofluences inside the detector 

are shown in Fig. 7. The maximum neutron fluence and 
absorbed doses in the innermost layer of the silicon 
tracker for a one-year operation are at a 10% level of that 
in the LHC detectors at the nominal luminosity. More 
work is needed to further suppress the very high fluences 
of photons and electrons in the tracker and calorimeter 
which exceed those at proton colliders. 
 

 
Figure 6: Muon isoflux distribution in IR. 

 

 
Figure 7: Neutron isofluence distribution in the detector 

per bunch crossing. 
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Tunnel Detector Nozzle Final focus

Muon flux: E~ 10-100 GeV in the detector. 
Produced as Bethe-Heitler pairs. 

Muon Collider Preparatory Meeting - CERN, April 10, 2019M. Casarsa 6

Background composition

Contributions form μ decays outside the simulated range become quickly

negligible for all background species but Bethe-Heitler muons, whose range

of interest is ±100 m from IP. 

In our background sample, generate for |z| < 25 m, we are missing ~20% of 

Bethe-Heitler muons.  

750-GeV μ± beams

Produced with MARS15: particles arriving 
to the detector.
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Further Detector Nozzle Optimization 

machine lattice 
& optics

LineBuilder

detector
nozzle
description

Flair +
new code 

Fluka simulation
muon decay & interaction
with material 

Background on 
detector
envelope 

machine 
geometry

detector
nozzle
position

Input data
Output data
Software program 

Fluka
Element DB

March 25, 2021Donatella Lucchesi 8



March 25, 2021Donatella Lucchesi 9

• MAP optic files.
• Details on magnets 

material and passive
elements are also 
needed

IR elements and geometry produced by LineBuilder visualized by FLAIR
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Visualization of all the elements of the IR
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Complete IR Design

Detector
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BIB in the detector with the 
FLUKA simulation

All particles

No neutrons



March 25, 2021Donatella Lucchesi 13

Comparison MARS15 - FLUKA

Figure 4. Nozzle.

file information on tracks entering the detector shell, either from the tungsten nozzle or from the148

“world“ volume. In particular, these quantities are registered: particle, energy, position, momentum,149

direction, time, position of the muon decay, and first interaction point of decay secondary.150

A software framework has then been developed to analyze results from this dump file, quickly151

showing plots of interest. This is a last but important element in view of the flexible-tool approach,152

since the iterative task of MDI optimization will rely on a prompt interpretation of the Monte153

Carlo simulation output, for example when the e�ect of a single modification if the lattice must be154

evaluated.155

Analysis of BIB obtained by `� beam of 2 ⇥ 1012 particles: comparison between MARS15156

and FLUKA based results @ 1.5 TeV CM energy157

• Energy threshold cuts as stated in "Detector background at muon colliders" Mokhov et al. (2011):158

- W, 4+/4� 200 keV159

- neutron 100 keV160

- proton, `+/`� 1 MeV161

• Only muon decays within 25 m from IP considered162

Table 2. Results for `� beam 2 1012. Number of BIB particles from MARS15 file "mumi-1e3x500-26m-
lowth-excl" and FLUKA file within 25 m and 250 m.

Particle (⇢C⌘, MeV) MARS15 FLUKA 25 m FLUKA 250 m
Photon (0.2) 8.3 107 4.24 107 4.34 107

Neutron (0.1) 2.44 107 3.33 107 3.36 107

Electron/positron (0.2) 7.23 105 2.06 106 2.11 106

Ch. Hadron (1) 3.07 104 8.94 103 9.20 103

Muon (1) 1.47 103 8.73 102 3.75 103

Reason for discrepancies:163

-Possible layout di�erences, missing infos about passive elements and absorbers164

-Intrinsic di�erence between simulation tools. Previous comparison MARS15 vs FLUKA @ 125165

GeV CM energy found di�erences of same order: Mokhov et al. (2018) “Detector Backgrounds at166

– 6 –

One beam, 𝜇" of 750 GeV with 2 $ 10#$ particles/bunch

Discussion of the discrepancies later
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Comparison MARS15 - FLUKA

One beam, 𝜇" of 750 GeV with 
2 $ 10#$ particles/bunch
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Results in details
One beam, 𝜇" of 750 GeV with 2 $ 10#$ particles/bunch
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Beam-Induced Background Origin

One beam, 𝜇" of 750 GeV with 2 $ 10#$ particles/bunch

Elements of the IR
where the first
interaction of the
first muon decay
product occurs

Elements of the IR
where BIB particles 
exit and enter the 
detector



Given the BIB, how do 
we  design the detector?
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T𝐫𝐚𝐜𝐤𝐞𝐫 𝐚𝐭 𝑠 =1.5 TeV

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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z coordinate of BIB particles entering the detector

Vertex detector properly designed to not 
overlap with the BIB hottest spots around the 
interaction region. 

Tracking performance have been studied applying 
timing and energy cuts on clusters reconstruction 
compatible with IP time spread.
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C𝐚𝐥𝐨𝐫𝐢𝐦𝐞𝐭𝐞𝐫 𝐚𝐭 𝑠 =1.5 TeV

BIB deposits large amount of energy in both ECAL and HCAL

ECAL barrel  hit arrival time – t0

ECAL barrel longitudinal coordinate 



Is this the end of the 
story?
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Figure 4. Nozzle.

file information on tracks entering the detector shell, either from the tungsten nozzle or from the148

“world“ volume. In particular, these quantities are registered: particle, energy, position, momentum,149

direction, time, position of the muon decay, and first interaction point of decay secondary.150

A software framework has then been developed to analyze results from this dump file, quickly151

showing plots of interest. This is a last but important element in view of the flexible-tool approach,152

since the iterative task of MDI optimization will rely on a prompt interpretation of the Monte153

Carlo simulation output, for example when the e�ect of a single modification if the lattice must be154

evaluated.155

Analysis of BIB obtained by `� beam of 2 ⇥ 1012 particles: comparison between MARS15156

and FLUKA based results @ 1.5 TeV CM energy157

• Energy threshold cuts as stated in "Detector background at muon colliders" Mokhov et al. (2011):158

- W, 4+/4� 200 keV159

- neutron 100 keV160

- proton, `+/`� 1 MeV161

• Only muon decays within 25 m from IP considered162

Table 2. Results for `� beam 2 1012. Number of BIB particles from MARS15 file "mumi-1e3x500-26m-
lowth-excl" and FLUKA file within 25 m and 250 m.

Particle (⇢C⌘, MeV) MARS15 FLUKA 25 m FLUKA 250 m
Photon (0.2) 8.3 107 4.24 107 4.34 107

Neutron (0.1) 2.44 107 3.33 107 3.36 107

Electron/positron (0.2) 7.23 105 2.06 106 2.11 106

Ch. Hadron (1) 3.07 104 8.94 103 9.20 103

Muon (1) 1.47 103 8.73 102 3.75 103

Reason for discrepancies:163

-Possible layout di�erences, missing infos about passive elements and absorbers164

-Intrinsic di�erence between simulation tools. Previous comparison MARS15 vs FLUKA @ 125165

GeV CM energy found di�erences of same order: Mokhov et al. (2018) “Detector Backgrounds at166
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Improvements 

Sources of differences:
• Different materials between MARS and FLUKA?
• Passive materials, do we have all the absorbers?
• Intrinsic differences MARS15 vs FLUKA?             Generate BIB with both codes using exactly same IR   

Previous Studies 
Detector Backgrounds at the Higgs Factory Muon 
Collider: MARS vs FLUKA show differences of 
factor ~2 Here differences go up and down … 

Lattice improvements
§ Add collimators to remove secondary muons coming from very far?
§ Further optimization of absorbers and nozzle?
§ Further optimization of magnets aperture and liner?

Database with the full IR
description

Is there a way to benchmark 
simulation? Is it possible to 
have high energy muon beams?

https://arxiv.org/abs/1808.02154


To conclude

Ø Simulation and analysis tools to optimize MDI are 
ready and well tested.

Ø Benchmark Monte Carlo? Test with data?

Ø Nest step is nozzle optimization at 𝑠 = 3 TeV 
where the IR lattice is well tuned. Work is already 
in progress.

Strong collaboration between accelerator and detector 
physicists is mandatory for the proper MDI design.


