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HPC: INTRODUCTION

• TeV protons keV photons: very asymmetrical collision (γCM ' γpr ) ⇒
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
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HPC: MAIN REACTIONS

PRoton Epr Npr σ0 PHoton Eph Nph

source (TeV) (µm) source (keV)

SPS 0.4 2 · 1012 18 TCS 350 108−9

LHC 7 2 · 1011 7 FEL 6− 20 1013

FCC 50 1011 1.6 FEL 2− 12 1013−14

Energy range: 220 MeV < E ′ph < 1 GeV
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p + γ → p′ + e−e+ Homemade
event generator based on Geant4
differential cross sections:
calculation in PRF + Lorentz
transformation to LAB
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GAMMA FACTORY: PSI-LASER COLLISION

• Energy of laser photons in PSI rest frame E ′L ' 2γEL:
laser energy tuned to hit the resonance

• Resonance cross section ∼ Mbarn
(6-7 orders higher ICS off e−, 12-13 orders higher ICS off protons)

• High energy photons emitted by spontaneous emission:
isotropic emission ⇒ flat differential cross section

• Max energy of the emitted photons (emitted forward in PSI rest frame)
Emax
γ = 4γ2EL = 2γE ′L

• CMCC event generator modified for PSI-Laser collisions:
two examples Xe39+ and Pb81+
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GAMMA FACTORY: Xe39+ EXAMPLE

PSI Beam Xe39+

Mi mass of one ion 120 GeV/c2

γi relativistic factor 34.66
Ei energy of one ion 4.19 TeV

∆γ/γ rel. en. spread ion beam 3 · 10−4

Ni number of ions per bunch 2 · 109

εn normalized transverse emittance 2 mm mrad
βx = βy beta function 50 m
σx rms transverse size 1.7 mm
σz rms bunch lenght 12 cm

Laser Green

λL (EL) 532 nm (2.33 eV)
NL number of photons per pulse 8.73 · 1014

UL laser energy 0.33 mJ
w0 laser waist at IP (2 σL) 3.4 mm

RL Rayleigh lenght (π w2
0 /λL) 68.23 m

σt rms pulse lenght 1 m

Eres = E ′L = 161.5 eV

Nγ per shot =
NiNL

2π(σ2
x + σ2

L)
σ̄ =

2 · 109 8.73 · 1014

4π(1.7 · 10−3)2
5.89 · 10−20 = 2.83 · 109

[σ̄ value from Evgeny Bessonov’s]
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GAMMA FACTORY: Pb81+ EXAMPLE

PSI Beam Pb81+

Mi mass of one ion 193 GeV/c2

γi relativistic factor 3000
Ei energy of one ion 579 TeV

∆γ/γ rel. en. spread ion beam 0
Ni number of ions per bunch 9.4 · 107

εn normalized transverse emittance 9 mm mrad
βx = βy beta function 0.5 m
σx rms transverse size 38.7 µm
σz rms bunch lenght 15 cm

Laser FEL

λL (EL ) 108.28 nm (11.45 eV)
NL number of photons per pulse 3 · 1013

UL laser energy 56 µJ
w0 laser waist at IP (2 σL) 50.84 µm

RL Rayleigh lenght (π w2
0 /λL) 7.5 cm

σt rms pulse lenght 15 cm

Eres = E ′L = 68.7 keV

Nγ per shot =
NiNL

2π(σ2
x + σ2

L)
σ̄ =

9.4 · 107 3 · 1013

2π((38.7 · 10−6)2 + (25.42 · 10−6)2)
3.32·10−22 = 6.9·107

[σ̄ value from Evgeny Bessonov’s]
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GAMMA FACTORY: BW SIMULATION VS FORMULA



GAMMA FACTORY: Pb81+ EXAMPLE



WORK DONE AND TO DO LIST

WORK DONE:

• We have modified the CMCC event generator for PSI-laser collision

• We have evaluated the relative bandwidth of the emitted photon beams
for different collimation angles and we have compared the simulation

results with the analytical formula: very good agreement

• We have compared the results obtaneid by Wieslaw Placzek with
GF-CAIN and the results of CMCC: perfect agreement!

TO DO:

• We will have to insert in CMCC the correct calculation of the total
number of emitted photons by taking into account the density and the

spectrum of the incoming photon beam [see Vittoria Petrillo’s talk]

• The event generators we developed for HPC can be modified to
simulate the emitted photon beam collision on fixed target
(in particular the muon pair production close to threshold)
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Thank you for your attention!

L. Serafini, C. Curatolo and V. Petrillo, Low emittance pion beams generation
from bright photons and relativistic protons,
http://arxiv.org/pdf/1507.06626.pdf (2015)

C. Curatolo, PhD Thesis: High brilliance photon pulses interacting with
relativistic electron and proton beams, Universitá degli Studi di Milano, 2016;
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