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Conceptual study to generate
TeV low emittance muon beams
in highly Lorentz boosted frame

by colliding TeV protons (LHC/FCC) and
high brilliance keV photon beams (FEL)



outline

· Introduction to Hadron-Photon Collider

· Kinematics of relavant reactions and
description of event-generator code

to simulate the secondary beams

· Phase space and luminosity analysis
in various scenarios



introduction

Advantages of HPC scheme:

· TeV protons keV photons: very asymmetrical collision

γCM =
E lab
tot

ECM
' Ep + hν√

4Ephν + M2
p

close to γ of protons →
high Lorentz boost imparted to secondary beams:

high energy, very collimated and low transverse emittance

· energy of photons in protons rest frame
much higher than in laboratory →

maximum efficiency above threshold
even at keV photon energies
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introduction

What happens in the collision of a ultra-relativistic proton beam and
a counter-propagating high energy photon beam?

p + hν → n + π+ → n + µ+ + νµ

p + hν → p′ + µ−µ+

p + hν → p′ + e−e+

p + hν → p′ + hν′
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introduction

What happens in the collision of a relativistic proton beam and
a counterpropagating high energy photon beam?

p + hν → n + π+ → n + µ+ + νµ

p + hν → p′ + µ−µ+

p + hν → p′ + e−e+

p + hν → p′ + hν′



.



p + hν → π+ + n and π+ → µ+ + νµ
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p + hν → π+ + n and π+ → µ+ + νµ

PR source Ep Np σ0 PH source hν Nph

[TeV] [µm] [keV]

LHC 7 2 · 1011 7 FEL 20 1013

FCC 50 1011 1.6 FEL 3 1014
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p + hν → π+ + n and π+ → µ+ + νµ

Event-generator code: results for Ep = 7 TeV and hν = 20 keV,
no proton beam emittance.
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p + hν → π+ + n and π+ → µ+ + νµ

With proton emittance: increase of angular spread
and dispersion in momentum for all particles
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p + hν → p′ + µ−µ+

Threshold photon energy in proton rest frame for pair production:

hν′th =
(2Mµ + Mp)2 −M2

p

2Mp
= 235MeV

Ex: Ep = 50 TeV ⇒ hν = hν′th/(2γ) = 2.2053 keV



p + hν → p′ + µ−µ+

Total cross section: Racah formula if close to muon pair threshold

σ ' αZ 2r20
2π

3

(
k − 2

k

)3 (
1 +

ε

2

)
where k = hν′/Mµ, ε = (k − 2)/(k + 2),

r0 = re(Me/Mµ) = 2.82 · 10−15(0.511/105.65) m, α = 1/137 and Z = 1.



p + hν → p′ + µ−µ+

Ep = 50 TeV, no proton beam emittance, ∆p = 4hνγ/Mp

εµn−cath ≤
1√
3

σ0√
2

√
M2

p

4M2
µ

(√
1 + ∆p − 1

)2
− 1



p + hν → p′ + µ−µ+

Ep = 50 TeV, with incoming proton beam emittance

ε2 = εµn−cath + εp
′

n < εµn < ε1 =
√

(εµn−cath)2 + (εp
′

n )2



p + hν → p′ + µ−µ+

∆γ

γ µ

=
1√
3

√
M2

p

4M2
µ

(√
1 + ∆p − 1

)2
− 1



conclusions

· Emitted beams properties:
high energy, high collimation and low emittance

· FCC case: L =
NpNphr

4πσ2
0

=
1011 · 1014 · 106

4 · π · 1.62 · 10−12
= 3.1 · 1037 cm−2s−1

Ep [TeV] hν [keV] Nπ [s−1] Nµ−/µ+ [s−1] Ne−/e+ [s−1]

50 1.43 (πth) 1.86 · 109 0 4.5 · 1011

50 2.2053 (µth) 3.72 · 109 1.25 · 103 5 · 1011

50 2.5 4.65 · 109 9.3 · 103 5.1 · 1011

50 3 6.5 · 109 4 · 104 5.4 · 1011

· Direct muon pair production
using lead ions: gain factor ∼ 670
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Thank you for your attention!
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