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Muon production

The subtle art of proton targetry: how to maximize the
yield without harming the machine components
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How did | arrive here?

At this point | did not know
much about muon colliders
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- engineering
physics

Today
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Master’s: CERN:
nuclear .
: : fellowship
engineering

CERN & Padova
university: PhD
student

| really liked FLUKA, so "‘}9’:

| wanted to do radiation  we——
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this order!
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The main mechanism of production is via inelastic
interactions of high energy protons.
Via inelastic
interaction with a Spontaneous
Y T e B S e y nhucleus decay (
s - [ Protons | Pions | Muons
Proton Driver Target & Front End Cooling
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e For the muon collider, we accelerate protons onto a solid or liquid Magnetic field tapering-solenoid
target generating inelastic collisions. The target is placed in a T
solenoid field

50

e The generated pions travels through a tapering region where the 0
magnetic field is adiabatically decreasing
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e The chicane removes the high momentum component. Particles
with p < 500 MeV/c pass through it and follow the solenoidal field
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e The target systems have ‘ Target Physics requirements
multiple parameters and [ Selenol Db bon
expertises involved. Shielding P
P+ H e Cooling &
. . . Carbon Target > | .
e The ultimate goal is to provide U Capture
the maximum number of ' | 4 N Ire
usable muons to the systems
downstream.
' Dynamic load
e For this presentation | will focus (L e e
on a carbon based target, but | Desin | Radfanongdamage le D
: P aintenance
other options (liquid metals, Sing/multiple rods / \Type of cooling Do
tungsten powders, etc.) are Length /A Passive/active vTm———
i i Diameter Parameters
under consideration. Tilt Dedicated/shared

Target vessel size
Beam windows

Slide by Rui Franqueira Ximenes:
https://indico.cern.ch/event/1325963/contributions/5793130/
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How many muons?

We need to provide as many usable muons as possible. To do so, the target and

the capture system have to be optimized.

Yield per primary proton per GeV [1/GeV]
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The emittance describes the area occupied in
the position-and-momentum phase space

Emittance of muons at the end of the tapering
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* The proton beam carries energy, focusing all of it in a small volume for a
short time. The targets need to sustain enormous power deposition.

Challenges: Possible technology:
« Target cooling « Graphite
« Shockwaves « Liquid metals (curtains, jets)
- Fatigue » Tungsten powders or bearings

- Integration with the magnetic field

~ Baseline IMCC graphlte target Impact of a single pulse on a
1cm-wide jet of mercury
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Problems: radiation damage
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Total ionizing dose (TID)

Charged particles deliver energy to the

material, ionizing it and breaking
covalent bonds
Damages organic components
(insulations, resins, coil impregnation,
etc...)
D (Gy)
0 5x10° 107 25)(107 5x107 D[Gy] E[J]/m[kg]

I Limiting factor in
the accelerator and
collider ring

Displacement damage (DPA)

Nuclear scattering events produce
defects displacing atoms from the

crystal lattice

Damages metals and non organic
components (loss of  ductility,
superconducting coils quenches, etc)

1) Primary 2) Recombinations
knocks-on

Limiting factor in the A
production target! :
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Shielding design

International
UON Collider
Collaboration

e The assumed limit for superconducting HTS is around ~10 DPA. Above that, the superconducting properties are lost.

With annealing, the damage can be recovered via thermal treatment

e With the assumption of operating for 5 to 10 years we need to design an adequate shielding

Water: acts as neutron
moderator

Boron carbide: captures
thermal neutrons

Neutron irradiation: well known
problem in nuclear industry
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Displacement damage vs Shield thickness

F ‘\ ® W + Water (2 cm) + Boron (0.5 cm)
b === Fit: Dy = 1.7 DPA, A = 0.0121 mm™!
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Last simulations by J. Manczak
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e Several area of expertise have to be involved, among which:
a. Thermomechanical engineering
b. Solenoid design (synergy with nuclear fusion: working with experts from F4E)
c. Cryogenics
d. Radioprotection
e. ... and many other!

Thermo-mechanical study
of target shieldin

Shielding Temperature > 400 °C

CA model of the target region

Ima ges by Rui Fran qu eira Ximenes: Max stress on external cooling pipe (169 Min stress on internal cooling pipe (374
> ' . . MPa) center Mpa) center
https://indico.cern.ch/event/1325963/contributions/5793130/
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Present and future

e | am still working on the muon collider. My core activity is not the
muon production anymore, but the Machine-Detector Interface
(MDI)

e Many people are working on several aspects of the muon collider.
Lot of work to do!

IMCC and MuColl annual
meetin 2024. CERN

beam aperture)

IR masks/liners and shielding
Shield the detector from particles lost in
final focus region (requires also an
optimization of the beam aperture)

Conical absorber inside detector (nozzle)
Shield the detector from high-energy decay products Handle background by suitable choice of
and halo losses (requires also an optimization of the detector technologies and reconstruction

techniques (time gates, directional

decay products near the IP

. Transverse halo cleaning
Solenoid Clean the transverse beam halo far
Capture secondaries produced near from the IP to avoid halo losses on the

the IP (e.g. incoherent e-e+ pairs) aperture near the detector (IR is an
aperture bottleneck)

Interaction region (IR) lattice
Customized IR lattice to reduce the loss of

R

LN
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Present and future
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e | am still working on the muon collider. My core activity is not the
muon production anymore, but the Machine-Detector Interface
(MDI)

e Many people are working on several aspects of the muon collider.
Lot of work to do!

Conical absorber inside detector (nozzle)
Shield the detector from high-energy decay products
and halo losses (requires also an optimization of the

beam aperture)

IR masks/liners and shielding
Shield the detector from particles lost in
final focus region (requires also an
optimization of the beam aperture)

Detector
Handle background by suitable choice of
detector technologies and reconstruction
techniques (time gates, directional

Interaction re

Customized IR lattice t

decay prod:

egion (IR) lattice
duce the loss of
lucts near the IP

[ Where do you want to work? ]

Proton Driver Target & Front End Cooling Acceleration Collider
H™ LINAC Accumulator Com |éoressor Pion Chicane & Muon Phase Charge Bunch 6D Final Buncher Pre- SC LINAC RLA 1,2 RCS 1,2,3 &4 3 TeV Collider
Target Absorber Buncher Rotator Separation ~ Merge Cooling Cooling accelerator 10 TeV Collider
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Dose levels above which permanent material/equipment damage is expected
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electronics equipment

Around half of us are dead here
(LD50 ~ 2 - 5 Gy)

b = ~ g
cable magnet coil
insulation insulation
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