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HPC: INTRODUCTION

FEL
photons

protons

e TeV protons keV photons: very asymmetrical collision (ycpm >~ Ypr) =
high Lorentz boost imparted to secondary beams:
high energy, very collimated and low transverse emittance

e energy of photons in protons rest frame much higher than in laboratory

incoming photon energy seen by the proton:

E;)h = Eppy(1 - ﬁ &) 2vEph

photon proton photon heafi:on
energy gamma direction _collision
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HPC: SIMULATION TOOLS

Homemade - L
event generator based on Geant4 mL e /e from
differential cross sections: L p+y=>p +e'e
calculation in PRF + Lorentz b
transformation to LAB Epr = 50 TeV
Epp = 10 keV

head-on

(arb. units)

0 20 40 60 80 100
Ee+/e- (MeV)



HPC: SIMULATION TOOLS

Homemade event generator based on Geant4
differential cross sections
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differential cross sections
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Homemade event generator based on Geant4
differential cross sections
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GAMMA FACTORY: PSI-LASER COLLISION

e Energy of laser photons in PSI rest frame E] ~ 2yE;:
laser energy tuned to hit the resonance

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

e High energy photons emitted by spontaneous emission:
isotropic emission = flat differential cross section

e Max energy of the emitted photons (emitted forward in PSI rest frame)
ElMaX = 4~2F| = 2vE|

e CMCC event generator modified for PSl-Laser collisions:
two examples Xe3%9+ and Pp8+



GAMMA FACTORY: Xe3*t EXAMPLE

PSI Beam Xe39+
M; mass of one ion 120 GeV/c?
;i relativistic factor 34.66
E; energy of one ion 4.19 TeV
A~y /7 rel. en. spread ion beam 3.1074
N; number of ions per bunch 2-10°
€" normalized transverse emittance 2 mm mrad
Bx = By beta function 50 m
Ox rms transverse size 1.7 mm
oz rms bunch lenght 12 cm
Laser Green
AL (Ep) 532 nm (2.33 eV)
N, number of photons per pulse 8.73- 10
U, laser energy 0.33 mJ
wo laser waist at IP (2 o) 3.4 mm
Ry Rayleigh lenght (m wg/A.) 68.23 m
o+ rms pulse lenght 1m

Eres = E] = 161.5 eV

N; N, 2.109 8.73- 104
N., per shot = T 5= 0"8.73-10 7 5. 10-20 — 2.83. 10°
27 (02 + 0%) 47(1.7-1073)2

[6 value from Evgeny Bessonov's]
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GAMMA FACTORY: Pt EXAMPLE

PSI Beam PpeL+
M; mass of one ion 193 GeV/c?
v; relativistic factor 3000
E; energy of one ion 579 TeV
A~/ rel. en. spread ion beam 0
N; number of ions per bunch 9.4.107
€" normalized transverse emittance 9 mm mrad
Bx = By beta function 0.5 m
Ox rms transverse size 38.7 um
oz rms bunch lenght 15 cm
Laser FEL
A (EL) 108.28 nm (11.45 eV)
Ny number of photons per pulse 3.10%3
U, laser energy 56 pJ
wo laser waist at IP (2 o) 50.84 pum
Ry Rayleigh lenght (7 w2 /A.) 7.5 cm
ot rms pulse lenght 15 cm

Eres = E{ = 68.7 keV

N; N, 9.4.107 3-1013
N, per shot = 5= 3.32.1072 = 6.9-107
27(02 + 0}) 27((38.7 - 10—9)2 4 (25.42 - 10-6)2)

[c value from Evgeny Bessonov's]
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GAMMA FACTORY: BW SIMULATION VS FORMULA
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GAMMA FACTORY: Pt EXAMPLE

|
PSI-Laser CAIN version: GF-CAIN
[see Wieslaw Placzek's talk]
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WORK DONE AND TO DO LIST

WORK DONE:

e We have modified the CMCC event generator for PSl-laser collision

e 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

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

TO DO:

e 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]

e 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)



Thank you for your attention!
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