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SAPTENZA Why a Muon Collider? INEN

Istituto Nazionale di Fisica Nucleare
Sezione di Genova

IMCC (Internation Muon Collider Collaboration) aims at studying the feasibility of a 10 km, 10 TeV center of mass energy
Muon Collider, as indicated by the European Strategy for Particle Physics.

The Muon Collider is a very promising post-LHC high physics facility:
» 1 200 times heavier than electron (m, =105.7 MeV/c?,m_=0.511 MeV/c?) - 10° times less radiation loss.
» U elementary particle: all COM energy available for the collision, contrary to hadron machines.

o must be produced, accelerated and collided ASAP

BUT u decays in 2.2 us in rest frame:
. y ¢ o decay products must be shielded to avoid damage to the machine or radiation
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o must be produced, accelerated and collided ASAP

BUT u decays in 2.2 us in rest frame:
. y ¢ o decay products must be shielded to avoid damage to the machine or radiation

500¢ J.P. Delahaye et al., Muon colliders, -] Physics?

arXiv:1901.06150 [physics.acc-ph].

Muon collisions in the range of 14 TeV
have comparable discovery potential to hadron
(proton) collisions in the range of 100 TeV
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Comparable Feynman amplitudes for the muon and the proton production processes.

20 Lo : - : - A factor of ten enhancement of the proton production amplitude squared,
S 10 15 20 25 30 possibly due to QCD production, is considered.
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» 1 200 times heavier than electron (m, =105.7 MeV/c?,m_=0.511 MeV/c?) - 10° times less radiation loss.
» U elementary particle: all COM energy available for the collision, contrary to hadron machines.
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BUT u decays in 2.2 us in rest frame:
. y ¢ o decay products must be shielded to avoid damage to the machine or radiation

K. R. Long et al, Nature Physics,
1000 \. v-17, p.289, 2021. Collider size comparison
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BUT u decays in 2.2 us in rest frame:
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infrastructure could be the most cost-effective
energy frontier collider

A 10 TeV muon collider making use of the LHC @
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Purpose:

= Evaluate realistic performance targets for
the collider magnets, in close collaboration
with studies of beam physics, cryogenics,
and energy storage.

= Produce a credible and affordable design
study (contain costs, energy efficiency,

sustainable operation).

ANy The Muon Collider Complex INEN
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Magnets:
 Dipoles
* Quadrupoles

Collider Ring

Muon Collider Accelerator

>10TeV CoM

~10km circumference

-----------------------------------------
-

T

4 Target, wDecay u Cooling LowErgy
Proton & pBunching Channel  y Acceleration
Channel
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Assuming 10 TeV machine and coil at 4.5 K
; s o). B rt
3 TeV collider (5 km ring): . . _ 150 - eam aperture
Collider Ring 23.5 mm radius BN Cu coating
. Close to state of the art - Cu layer beam screen 0.01 mm thick M W absorber
'« Tungsten absorber 40 mm thick | Insulation space
* ~11T/150mm) (Nb;Sn) 5 mm thick BN Heat intercept
. 600 magnets, 5 m length - Heat intercept 1 mm thick = 100 B Beam pipe
. . 5 mm thick E, Kapton ins.
. Operating temperature: 4.5 K . Beam pipe 3 mm thick > .-
. . 0.5 mm thick Magnet coil
10+ TeV collider (10 km ring): - Clearance 1 mm thick 50
. . « Coil pack* (60 mm thick)
. HTS magnets, R&D is required *thickness TBD, placeholder 25 1
® ~15T/150mm (ReBCO, hYbrld) Courtesy of Patricia Borges de Sousa
e — https://indico.cern.ch/event/1250075/contributions/5357594/ 0
. 1200 magnets, 5 m length
. Operating temperature: 4.5...20 K

» High field dipoles to minimize collider with HTS @20K the %]

ring size and maximize luminosity. absorber can be thinner

» Beam loss protection

High-energy electrons and positrons arising from muon > Shielding
decay and striking the collider ring magnets can cause [>
radiation damage and unwanted heat load. > Large aperture @

Courtesy of A. Lechiier
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Nz Collider Magnets Requirements INEN

Istituto Nazionale di Fisica Nucleare
Sezione di Genova

3 TeV collider (5 km ring): Collider Rin Arc:
e Close to state of the art &  Combined function magnets: B1, B1+B2 and B1+B3
»  [~11T/250mm (Nb,Sn) * B=8..16T;G=320T/m; G’ = 7100 T/m?

. 600 magnets, 5 m length
. Operating temperature: 4.5 K

* Aperture =160 mm

Final focus:

* Combined function magnets: B1, B2, B1+B2, B1+B3
B=4..16 T; G = 100...300 T/m; G’ = 12000 T/m?
Aperture = 150...330 mm

10+ TeV collider (10 km ring):
. HTS magnets, R&D is required

«  [~15T/150mm (ReBCO, hybrid)

. 1200 magnets, 5 m length
. Operating temperature: 4.5...20 K Difficult to define

a single magnet

=
~

» High field dipoles to minimize collider

SInm
-
Ao
as

ifi i ey

ring size and maximize luminosity. specification s

» Beam loss protection -

High-energy electrons and positrons arising from muon 3> Shielding E o
decay and striking the collider ring magnets can cause [> — f s
radiation damage and unwanted heat load. > Large aperture V.V.Kashikhineta,
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SAPTENZA
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Need for high fields in large apertures

* We perform plots that can show the allowed area
between aperture diameter (A) and bore field

24 October 2024

300

250 A

Bore diameter [mm]
| N
wu o
<) o

[
o
o

50 A

Dipole - Nb3Sn @ T_op =4.5K

Introduction to A-B plots INEN

Istituto Nazionale di Fisica Nucleare
Sezione di Genova

v

v" Innovative approach, useful for interfacing the

needs of beam dynamics with the technological
limits (of today and the near future) related to
superconducting magnets.

Immediate feedback capable of analyzing many
possible configurations in a single plot
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Protection @15 50 A
—— Margin limit :
—— Stress limit
L} T T T 0
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B [T]

Dipole - ReBCO @ T_op = 20K

~~=- Protection |

----- Protection Ml
—— Margin limit
—— Stress limit

B [T]
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Need for high fields in large apertures

= Limit curves are introduced by mechanical

* We perform plots that can show the allowed area challenges (stress limit), critical current
between aperture diameter (A) and bore field . density (margin limit) and stored magnetic
* We consider Nb,Sn for the 3 TeV machine and energy (quench protection), depending on
HTS (ReBCO) for the 10 TeV collider. the superconducting material.
Dipole - Nb3Sn @ T_op = 4.5K Dipole - ReBCO @ T_op = 20K
300 \ 300 -
\ ~=~ Protection |
\ Vi Protection MI
250 A Y A 250 A —— Margin limit
N —— Stress limit
E 200 \‘\ 'E 200 A
E \ E
2 \ 3
£ 150 \\- £ 150 1
- N =
: \ o
3 100 - S 1004
O Existing magnets \\\
50 Protection @15 = 50 A
—— Margin limit :
—— Stress limit
0 T T T T 0 T T T T
0 5 10 15 20 25 0 5 10 15 20 25
B [T] B [T]
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SAPTENZA Method and Assumptions INEN
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= A Python code is used to implement the analytic formulas for the cos-theta magnets in sector coil approximation.

(a is 60° for the dipole and 30° for the quadrupole)
Dipole Quadrupole

B(w, ) = 2HJ (@2 — ar)sina cw,)) = 21 <Z—j> sin(2)

T /s
(w = coil width)
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= A Python code is used to implement the analytic formulas for the cos-theta magnets in sector coil approximation.

*= Cost model: by setting an upper limit to the cost of the magnet, the maximum coil width can be calculated for each
aperture, taking into account the other components.

Example diagram with bore aperture set at 150 mm.

Total cost of the magnet = 400 kKEUR/m
(FCC-hh 175 KEUR/m [ref])

Cost of the labour = 20 kEUR/m (LHC)

m SC cost [EUR/kg] | Aspirational SC cost [EUR/kg]

Coil width: 10 mm < w, < 80 mm Nb,Sn 2000 700 (FCC target)*
i1 = 8000k 3 . L. ..
Peoil g/m ReBCO 8000 2500 (realistic projection)**
Structures: wg < 60 mm
SS cost: 10 EUR/kg (HL-LHC) * 7€/kAm, FCC ** 50 €/kAm: 1/3 of today prize (150€/kAm)
pes = 7800 kg /m? target 5€/kAm Also based on projection of ref

A. Molodyk and C. Larbalestier, Science, 2023
Iron yoke: w; < 350 mm

Fe cost: 8 EUR/kg (HL-LHC) ]
Bore pre = 7800 kg /m® The maximum total cost of the magnet

is the same for both materials.

Structures
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https://ieeexplore.ieee.org/document/7835618

SAPTENZA Method and Assumptions INEN
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A Python code is used to implement the analytic formulas for the cos-theta magnets in sector coil approximation.

Cost model: by setting an upper limit to the cost of the magnet, the maximum coil width can be calculated for each
aperture, taking into account the other components.

The protection scheme consists in QH (or CLIQ) for classical insulated coils, limiting the hotspot temperature and the
stored energy in the coils.

_ For the ReBCO, high cost requires small coil and very high
7 40 ms protection delay current density = Protection will be a limiting factor

Quench

1 Plateau (t < protection delay): Constant current during Need to devise alternative protection schemes!
|5 quench detection and protection activation m Hotspot T [K] - Non-Insulated and Metal-Insulated coils
5
:;-.j Decay (t 2protection delay): Current decay after Nb3$n 350 1 —

g, switchin off the power supply, and bringing all —*—ReBCO - Cost aspirational, |
g NN coils resistive ReBCO 200 0.8 —o—ReBCO - Cost aspirational, NI
. E 0.6 —e—ReBCO - Cost aspirational, Ml
Plateau Coil absorbs stored energy o
: 3 Courtesy of Tiina Salmi £
Decay https://indico.cern.ch/event/1240045/ E. 0,4
0,2
Ny r_ Tampere
0 t t Time after spontaneous J UnlverSIty 0
det prot. delay quench 0 5 10 B1(T) 15 20 25

24 October 2024

Daniel Novelli — Development of superconducting magnets for the future Muon Collider


https://indico.cern.ch/event/1240045/
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= A Python code is used to implement the analytic formulas for the cos-theta magnets in sector coil approximation.

* Cost model: by setting an upper limit to the cost of the magnet, the maximum coil width can be calculated for each
aperture, taking into account the other components.

* The protection scheme consists in QH (or CLIQ) for classical insulated coils, limiting the hotspot temperature and the
stored energy in the coils.

= The margin limit is the limit due to the SC material itself, starting from the Bottura’s fit for the critical current density.

(Eng.) Jc [A/mm2]

18g[r;itical current density of Nb3Sn @ T_op (4.5 K) + Tmargin (2.5 K) lB[giori_tical current density of ReBCO @ T_op (20 K) + Tmargin (2.5 K)
—— Bottura's Fit —— Bottura's Fit
— 1500 m Operating T [K] | T margin [K]
Nb,Sn 2.5 (HL-LHC)
g 2 ReBCO 20 2.5
1000 é 1000
800 4 :j: 800
e g J refers to:
400 400 * NbsSn: FCC cable target performance
200 i .o
0 * ReBCO: Fujikura FESC-AP tape
° 2' ;l» ('5 8' 1'0 1'2 1:4 1[6 0 é lll) ll5 2I0 2I5 30
B [T] B[T]
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= A Python code is used to implement the analytic formulas for the cos-theta magnets in sector coil approximation.

* Cost model: by setting an upper limit to the cost of the magnet, the maximum coil width can be calculated for each
aperture, taking into account the other components.

* The protection scheme consists in QH (or CLIQ) for classical insulated coils, limiting the hotspot temperature and the
stored energy in the coils.

= The margin limit is the limit due to the SC material itself, starting from the Bottura’s fit for the critical current density.

= The stress limit considers the maximum mechanical stress we can have on the coils, starting from the analytical
formula for the midplane pressure of cos-theta magnet in sector coil approx. (Reference: https://doi.orq/10.15161/0ar.it/143359)

R LARP TQ
m Peak Stress [MPa] - i
Nb,Sn 150 e N
ReBCO 400 NN '
Currently, only stresses

generated by Lorentz
forces are considered.

Tevatron dipole e ‘ ey
(P. Ferracin) | i ..‘ R ;
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SAPTENZA Dipole A-B Plots INEN
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Dipole - Nb3Sn @ T_op = 4.5 K Dipole - ReBCO @ T_op = 20 K
300 I \ 300 ‘
IR [10T, 300 mm] \IR [10T, 300 mm] ~~ Frotection|
2 T I T Protection M
250 - 250 - —— Margin limit
—— Stress limit
E 2001 ' 200 -
E E
o] o]
g 150 - E 150 - ARC [16T, 140 mm]
© 9
o ©
4 v
S 100 1 8 100 -
O Existing magnets
50 A Protection 50 -
—— Margin limit
—— Stress limit
o T T T T 0 T T T T
0 5 10 15 20 25 0 5 10 15 20 25
B[T] B [T]

HTS falls short of required performance
with classical insulated coils. Assuming Ml
or NI magnets, the protection limit
becomes comparable with the other limits.

Nb,Sn falls short of required performance
because of operating margin and peak stress
(at affordable cost !)
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SAPTENZA
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HTS dipole A-B Plots

Dipole - ReBCO @ different T_op

Dipole - ReBCO @ T _op = 20 K and different costs

INFN

GENOVA

Istituto Nazionale di Fisica Nucleare
Sezione di Genova

IR [10T, 300 mm]

\

Cost
reduction

ARC [16T, 140 mm]

300 -~
[ [100E, 21000 o T s e s
— T op=10K
250 - — T op=45K- 250 -
'E 200 - E 200
= £
. 5
E 150 - « ARC [16T, 140 mm] E .
= k-
5 v
& 100 - 2 100 4
—— Cost = 8000 EUR/kg
7 50 - Cost = 4000 EUR/kg
— —— Cost = 2500 EUR/kg
o T,p, reduction ; —— Cost = 700 EUR/kg
0 5 10 15 20 25 o : =

A reduction of
operating temperature
will result in wider
design A-B range

24 October 2024

B [T]

The curves shown in the plots are the limit curves,

i.e., for each aperture value the strictest limit is taken,

excluding the limit for insulated magnets.

15 20 25
B [T]

A reduction of HTS cost
will result in wider
design A-B range
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SAPTENZA Quadrupole A-B Plots INEN
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s Quadrupole - Nb3Sn @ T_op = 4.5K 350 Quadrupole - ReBCO @ T_op = 20K
! O Existing magnets ~~- Protection |
“IR[115T/m, 290 mm] = -~ - Protection IR [115T/m, 290 mm] Protection MI
3007 ) | | | —— Margin limit 300 1 ' ' ' ' —— Margin limit
\ —— Stress limit —— Stress limit
250 - 250 4
: £
— - ARC [240T/m, 170 mm
5 200 - & 200 - \RC [240T/ ]
T v
E E
5 150 - 35 150 - ~__ARC [330T/m, 130 mm]
- w [
o =]
@ m
100 A 100 A
50 - S0 4
0 T T L} L] L] L] L] 0 T T T T T T T
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
G [T/m] G [T/m]

= HTS is mainly limited by cost production
and protection. Working @20K the
margin curve is also a limiting factor.

= Nb,Sn is limited by peak stress and
operating margin
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SAPTENZA HTS quadrupole A-B Plots INEN
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250 Quadrupole - ReBCO @ different T op . Quadrupole - ReBCO @ T_op = 20 K, different costs
— T op=20K —— Cost = 8000 EUR/kg
IR [115T/m, 290 mm] —— Top=10K IR [115T/m, 290 mm] —— Cost = 4000 EUR/kg
o ' ’ ' — Top=45K i Cost —— Cost = 2500 EUR/kg
reduction —— Cost = 700 EUR/kg
_ 250 1 _ 250 4 / 1 :
. ARC [240T/m, 170 mm] < 200- ARC [240T/m, 170 mm]
2 E
2 150 - ARC [330T/m, 130 mm] 2 150 - ARC [330T/m, 130 mm]
100 - 100 A
50 - Top reduction 50 -
0 T T T T T T T 0 T L L] T L T T
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
G [T/m] G [T/m]
A reduction of . . :
operating temperature The curves shown in the plots are the limit curves, A reduction of HTS cost
will result in wider i.e., for each aperture value the strictest limit is taken, will result in wider
. excluding the limit for insulated magnets. design A-B range
design A-B range
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SAPENZA - FEM Crosscheck for Stress Curves INEN
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Dipole - Nb3Sn Dipole - ReBCO
300 300
O Existing magnets —— Analytic
—— Analytic -~ FEM
250 - — FEM 250

E 200 T 200
E E
g 3
v v -
2 150 2 150
2 S
© o
v @
® 100 8 100

50 1 50 -

0 T T T T 0 T T L T
0 5 10 15 20 25 0 5 10 15 20 25
BI[T] BI[T]

= We implemented a FEM model for a sector dipole in ANSYS.

= We implemented a Python code able to work with Ansys software
to run FEM simulations with the same inputs as the analytical study.

= |nthe comparison, the FEM curves are always more restricting than the analytical ones
since they take the maximum pressure on the midplane instead of an average over the coil width.
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SAPENZA - FEM Crosscheck for Stress Curves INEN
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Quadrupole - Nb3Sn Quadrupole - ReBCO
300 300
O Existing magnets —— Analytic
—— Analytic —— FEM

250 4 — FEM 250 A
E 200 T 200
E E
g 3
g 150 - g 150 -
© ©
° °
L g
2 100 4 S 100 -

50 A 50 A

0 ] T L] ] o T T T T
0 100 200 300 400 500 0 100 200 300 400 500
G [T/m] G [T/m]

= We implemented a FEM model for a sector quadrupole in ANSYS.

= We implemented a Python code able to work with Ansys software
to run FEM simulations with the same inputs as the analytical study.

= In the comparison, the FEM curves are always more restricting than the analytical ones
since they take the maximum pressure on the midplane instead of an average over the coil width.
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rieNzy - Combined Function Magnet INEN
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Arc: Final focus:

*  Combined function magnets: B1, Bl+BZland B1+B3 * Combined function magnets: B1, B2,{B1+B2|, B1+B3
e B=8.16T;G=320T/m; G’ = 7100 T/m? e B=x4..16T; G=100..300 T/m; G’ = 12000 T/m?

* Aperture = 160 mm * Aperture = 120...300 mm

Preliminary results obtained with ANSYS in a sector coil approximation

Dipole into quad:
(ReBCO @20 K)
J =3.5-1084/m?
B ~124T
G ~90.4T/m

Taperture = 70 mm

Quad into dipole:
(ReBCO @20 K)
J =3.5-1084/m?
B ~11.7T
G ~ 1433 T/m

Taperture = 70 mm

.003172 3.81644 7.62972 11.443 15.2563

- 70,7
190081 5.72308 9.53635 13.3496 17,4353 . 286E-04 3.57399 7.14795 10.7219 14.2959

1.78701 5.36097 8.93493 12.5089 16.3381

Quadrupole inside dipole is more efficient, in agreement with US-MAP [ref]
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https://accelconf.web.cern.ch/ipac2012/papers/thppd036.pdf

arinza - Combined Function Magnet INEN
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Nested: Quad into dipole Asymmetric Dipole Asymmetric Quadrupole
V Ansys| TS, | | B=4T
P%%Né.zozﬂ G=140T/m G=80T/m

RELEN R Ratio = 0.2

B1
BZ@Rref

Ratio =

' B and G are not independent and the feasibility of windability still to be studied

Quadrupole inside dipole is the primary choice for the combined functions of the muon collider
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ANz Combined Function Magnet INENN
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What’s next? We would like to produce B-G plots in order to provide the allowed area for the combined function magnets

 Python-Ansys Interface niialization Scheme of the code e

50 234737121 286900025.6 12.951131 20.036379 18.198751 20.036379 92.822428 -02.822428 10496129 834.473394
60 258210833.1 2582108331 13.796359 20.147833 18.634411 20.147833 83.446415 -83.446415 12337260 948.9304108
70 248036296 248036296 15.202913 21287363 19.933165 21.287363 80.075562 -80.075562 15725921 1068.765415
80 233521249 233521249 16182551 21.899627 20.697293 21.809627 75.339621 -75.339621 18644791 1193.078408

al_quad Increment of 25mm vt o] T dls |50 Topeh et ppet | bpesk [ gd | rad | anegs Tcotnm

10 368604149.4 550630889.9 5.085443 1631147 1138866 16.31147 14121277 14121277 3140917.3 507.3833332
.I: 25 100 20 325142034.2 397395819.5 8.0064392 17.482954 14.231738 17.482054 122.37528 -122.37528 4764787 605.7063868
Ioop ( rom to ) 30 2633650477 3934218613 9323702 18.591427 15380002 18.591427 12055104 -120.55104 6279847.3 709.4074282
= = 40 2868045369 350538878.5 10709235 18.860588 16345085 18.860588 107.06172 -107.06172 80295453 815.4864573
50 229088558.2 281097126.6 12.680319 20.602623 18.375835 20.602623 104.66633 -104.66633 11557172 932.9434741
60 252087414 252087414 13510776 20599661 18759168 20599661 94.092566 -94.002566 13450466 1052.778479
70 2008419012 2454734348 15.024025 21873663 20.205451 21873663 OL197812 91197812 17362148 1177.991471
W quad =10 mm 80 189088663.1 231108366.1 15.995450 22.424019 20.940676 22.424019| 85803368 -85.803368 20479023 1308.582451
- w_quad =70 mm
w_dipole[)_quadrupole| ) dipole | b0 |bpeak_quad|bpeak_dip| bpeak | grad | grad | energia |costkEUR/m
10 2984690521 4458611766 49500778  17.499200 11882712 17.499209 156.63776 -156.63776 40432405 589.7194501
20 2606438005 389356788.4 7.8179423 18.277404 14.52021 18.277404 13451022 -134.51022 55707918 693.4204915
w qu ad Increment of 10mm = 30 2580373625 3854632206 O.AI71788 1933315 15.646097 19.33315 1325064 -132.5064 71783305 802.4995206
—_— = 40 281002687.8 343447729.5 10481128  19.446978 16544881 19.446978 117.67602 -117.67602 8944649.3 9169565374
Ioop (from 10 to 80) 5 60 247869660.9 3020518077 13.231879 21.002248 18.865892 21002248 103.41484 -103.41484 14610481 1162.004534
70 1967790142 240507684.1 14.716414 22.214855 20.277117 22.214855 10023074 -100.23074 18728840 1292.595514
- - s 80 185263535.7 226433210.3 15.669819 22.699724 20976905 22.699724 94300558 -94.300558 21973708 1428.564482
| w_quad =80 mm
E 'a w_dipole]3_quadrupole] 1 dipole | _b_0 |bpeak_quad]bpeak_dip| bpeak | grad | grad | energia |costkEUR/m
lw d|p = 10 mm = 10 289506025.9 432473309  4.73603  18.269489 12137479 18.260489 167.29892 -167.29892 4934442.3 677.4335548
- = 20 2553711643 3814803812 7.6319519 10.004503 14.784864 10.004503  145.14926 -145.14926 6480086.1 786.5125839
) O 30 2502892781 3738889216 88413432 19.829006 15748776 19.820006 141.58307 -141.58307 B022576.9 9009696007
S o 40 272565023.8 333135029.1 1071765  19.799045 16,574985 19799045 | 12573071 -125.73071 97468703 1020804605
n 50 2185698926 267140979.9 12052256 21377508 18504607 21377508 122.9032 -122.9032 13609460 1146.017598
w dl | t f 10 IE o0 60 22082 5077.8/ 12.846168 21166744 18.784351 21.166744 '110ME2E0] 110.48250 15515214 1276.608578
= p ncrement O mm o o)
loop (from 10 to 80) c |3 - Data study
- . 1 3
0 18
! 5 '
3 1
. 14
Current density Save the
- ’ 12

optimization output/

Bore Field [T]

—

If:

al_quad =100mm 256 Ansys
w_quad = 80mm

w_dip = 80mm

simulations

» End for each :
Graphical representation temperature =

Gradient [T/m]

24 October 2024 Daniel Novelli — Development of superconducting magnets for the future Muon Collider




SAPIENZA Conclusions CINFN

Istituto Nazionale di Fisica Nucleare
Sezione di Genova

> The allowed magnet aperture (A) - magnetic field (B) phase spaces are -
provided and discussed, representing the starting point to define possible
beam optics which are also acceptable from a technological point of view. \
Courtesyof  ysvs 2022 w2 50 - \
L. Alfonso P geie
.
§ g;ggggg ) Courtesy of 5 10 15
5 513;8182%? - F. Mariani B[T]
=% n > Thanks to the A-B plots, we were able to identify a target

design, allowing us to begin studying specific designs.

In particular, we are exploring a cos-theta design and a
b block coil design.

113133331t T3t
M 8828338258328z 03228

L L[ LB

=

> To address the issue of neutrino flux in the straight sections, combined
function magnets must be used in the Muon Collider. In this regard, we are
working to identify realistic target designs from a technological point of view.
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Thank you
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