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COLLIDING MUONS?

Future at CERN: Muon Collider?

electron e~ muon p~ proton p+
Elementary, clean collision v v X
Energy aty =1 0.5MeV 105 MeV 938 MeV
Synchrotron radiation negligible X v v
Simple generation v X v
Lifetime aty =1 00 2.2 s 00
New collision experiments 2045 FCC(ee) | 2045 MuCol | 2070 FCC(hh)
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COLLIDING MUONS?
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https://www.science.org/content/article/muon-collider-could-revolutionize-particle-physics-if-it-can-be-built
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COLLIDING MUONS?

RAPID CYCLING SYNCHROTRONS - BENDING

15 F ‘ 7
— SC NC hybrid RCS: LscBsc = 0kTm
271 = nncBne + Nsclsc E 10 |
A N 5
. p g
LneBne = =5 — LgeB
P NCBNC e scbsc S s |
mé) LscBsc = 11.14kTm
S |
Optimal factorization: Lyc and Bnc?
-5

0 05 1 L5
Time (ms)
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NC MAGNETS - COST FUNCTION

MuCol

Optimal factorization: Lyc and Bnc?

o s /
Costfunction: Q = | Quwh - Top Ploss + Qmat “Lne
~—~ N—— ~— N~
Cost Energy cost Time Material cost

= Operation time: Top = 20y - 6000h /y
= Energy cost: Quwn = 0.09€/kWh

= Copper: Qcy = 100€/kg

= Iron: Qre = 25€/kg

= Different peak currents:
— Material cost constant
— Tradeoff: P| .. and Lnc

Loss
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MAGNET POWERING

= Airgap: 30 mm x 100 mm Choost
= Switched resonance circuit

Current (kA)

i i
2 25 3

Time (ms)

o
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EQUATIONS

Ampere’s law: Voltage-current relation: Flux:
V x H+UA: ZUnGan Un = Rply +¢-5n ¢n = A-XndBX
n R3
Cascadic approach:
1. Static FEM magnet analysis e —— —
i i Choost H K \Sboost
— nonlinear RL surrogate, adequate capacitances \ ,
2. Transient circuit analysis with RL surrogate .
Cioad Sload

— current excitation

3. Transient FEM magnet analysis for given current
— loss, field, ...

U Darmstadt| TEMF | D. Moll




ICAP 2024 - TRANSIENT ANALYSIS OF NORMAL-CONDUCTING MUON-COLLIDER MAGNETS

RL SURROGATE

» Assumption: Anhysteretic magnetic model
* Resistances R, = [, X, - 07 'X,d?x = 39 pQ/m

* Inductance L}, = 3¢},
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TRANSIENT CIRCUIT ANALYSIS

= Different initial energies at Cjaq

— Different current shapes

Peak current (kA)

4

—_
S
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Cboost

Cload

Sload
L |

Winit (kJ/m)

—~
l/ — 1J/m
o 1.55kJ/m
S 05[—209k]/m
S
<
| g
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TRANSIENT MAGNET ANALYSIS

FERROMAGNETIC MODEL
2 V2 - \\
_ od” . ! \
H=(u+P)"'B + WB g
———— ,
f ——
Hysteresis model Eddy current effect I FEM A

Magnetic polarization operator P of EB hysteresis model.

_ Hisgory . .

H} B tr
o4

H? wy P
] "

o H wy P
- e
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FERROMAGNETIC MODEL
B=uH+P
Magnetic field strength Magnetic polarization _ History .
il
HL " Pan H L
’:} 2 D y B
Hf r Pan UD-Z 2
- 73 >3
T

- H
- H
—— H?
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TRANSIENT MAGNET ANALYSIS

Collaboration

150 —— Hysteresis Q 2
E —— Eddy current -
g —— Resistive 4_?
= 100 F | Z 15
" )
S MR
—~ a
2o 50 | =
2 = 05
- £
% 0.5 1 5 2 % 0.5 L L5 2
Winie (kJ/m) Winie (kJ/m)
Rarmp _ / / 4567 Tm
Cost function:  Q = (Top - Quwh - Pl oss + Qmnat) - Lnc lye = ——
max; Bne
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TRANSIENT MAGNET ANALYSIS
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COST ANALYSIS

277 777

< <
- 27| - 27|
wn w0
S S
O O

2 L ? 1 L

0 0.5 1 L5 2 0 0.5 1 L5 18 2

Peak flux density (T)

I/Vinit (kJ/I‘ﬂ)

= Costs are not yet to be published.
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CONCLUSIONS

» Material reduction profitable
= Below 1% savings: 100€/m - 3km = 300k€
» Lowering of resistive loss recommendable
= Different coil layout — lower skin- and proximity-effect
= Narrower air gap 30 mm — 24 mm: Loss reduction to 64%.

» Additional tradeoff: number of SC-magnets «+ high NC flux densities?

m

LscBsc = 0kTm

100

Cost (?)

LscBsc = 11.14KTm

LyneBye (kKTm)

’ " ! 0 ‘0 0.5 1 5 18 2
Time (ms) .
Peak flux density (T)
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TRANSIENT MAGNET ANALYSIS

FERROMAGNETIC MODEL
Magnetic field strength Magnetic polarization Hysteresis curve
§ 0 . % o . % o
B < IS
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TRANSIENT MAGNET ANALYSIS
FERROMAGNETIC MODEL
H= (/~LO + P)_1B + %ZZB = Havg + Heddy
Wstored = MOHavg : I;lavg + Z HTPm
m

Whyst = Z(Havg - HT)Pm >0

m

) od? .
Weddy = W|B|2 >0
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