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gamma factory: psi-laser collision

• Laser photon energy in PSI frame E ′L ' 2γEL

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

• High energy photons emitted by spontaneous emission: isotropic emission

• Max energy of the emitted photons Emax
γ = 4γ2EL = 2γE ′L
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GF-CMCC

CMCC event generator modified for PSI-Laser collisions: GF-CMCC

v1: Resonant absorption as Compton scattering: no time delay of the emission, no
stimulated emission. No collision angle, monochromatic laser.

Total number of photons calculation based on the luminosity formula and total cross
section from Bessonov’s paper [1].

v2: Proper resonant absorption with time delay of the spontaneus emission, no
stimulated emission. Collision angle, gaussian distribution of laser frequencies, width

of the resonance.
Monte Carlo simulation (MC) and calculation based on the luminosity formula (LUM)

with total cross section calculated.

v3: Stimulated emission inserted (excited ion can absorb a second photon and it emits
in the same direction as the incoming laser photon - at low energy) for the Monte

Carlo simulation (MC).
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SPS and LHC examples

Two examples for SPS and LHC respectively from Bessonov’s paper: Xe39+ and
Pb81+-laser collisions.

PSI Beam Xe39+ Pb81+

Mi ion mass 120 GeV/c2 193 GeV/c2

Ei ion energy 4.19 TeV 579 TeV
γi = Ei/Mi 34.66 3000

Ni ions per bunch 2 · 109 9.4 · 107

∆γi/γi rel. en. spread 3 · 10−4 0
εn norm. trans. emitt. 2 mm mrad 9 mm mrad
βx = βy beta function 50 m 0.5 m
σx rms trans. size 1.7 mm 38.7 µm
σz rms bunch length 12 cm 15 cm

Laser Green FEL
λL wavelength (EL photon energy) 532 nm (2.33 eV) 108.28 nm (11.45 eV)

NL photons per pulse 8.73 · 1014 3 · 1013

UL pulse energy 0.33 mJ 56 µJ
PL mean power (rep. rate 40 MHz) 13.2 kW 2.24 kW

w0 waist at IP (2 σL) 3.4 mm 50.84 µm
RL Rayleigh length 68.23 m 7.5 cm
σt rms pulse length 1 m 15 cm

γ photons
Eres = E ′L resonance energy 161.5 eV 68.7 keV

Emax
γ maximum photon energy 11.2 keV 412 MeV



Xe39+ and Pb81+

Features of secondary photons emitted by Xe39+-laser collision first row and
Pb81+-FEL second row, simulation with GF-CMCC. First column: angular distribution
of full emitted photon beam and 1/γi value reported. Second column: energy as
function of the emission angle, colours represent different collimation angles. Third
column: energy distribution for three possible collimated beams.



Pb81+

GF-CAIN and GF-CMCC results comparison in Pb81+-FEL collision. Top: angular
distribution of full photon beam. Bottom: spectrum of emitted photon beam
collimated at θγ = 0.25, 0.5, 1 mrad. Normalized to GF-CMCC total photons.



Pb81+

Luminosity formula with σ̄ from Bessonov’s [1] gives an OVERESTIMATION of the
number of photons per ion:

Nγ =
NL

2π(σ2
x + σ2

L)
σ̄ =

3 · 1013

2π((38.7 · 10−6)2 + (25.42 · 10−6)2)
3.32 · 10−22 = 0.739

GF-CMCC results (to be controlled - very long pulses, laser far from diffraction

limited):



pop example

Proof of principle experiment parameters:



pop gf-cmcc v2

Total cross section, number of emitted photons per ion per shot and real photons per
shot in PoP case. Maximum one interaction per ion with laser at resonance, 1 σ below
resonance, 2 σ below resonance. Without stimulated emission.



pop gf-cmcc v2: emission time delay

Mean lifetime τ0 of the ion in the excite state (mean time of the spontaneus emission)
quite long: line width of resonance modelled by a lorentian much narrower then the
laser bandwidth



pop gf-cmcc v2: emission time delay

Big difference without and with time delay (re-emission time). Top row: number of
emitted photon generation (1 if the ion interacts only once with the laser, 2 if the ion
has already emitted one photon, 3 if the ion has already emitted 2 photons, ...).
Bottom row: distance from IP at which the photon is emitted (m).



pop gf-cmcc v2: pop with laser at resonance
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pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 1 σ below resonance



pop gf-cmcc v2: pop with laser 2 σ below resonance
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pop gf-cmcc v3

PoP case simualted by GF-CMCC v3 (with stimulated emission):

Code GF-CMCC
Simulation method MC LUM

Nγ per ion laser at resonance 0.199 0.201
with stimulated emission 0.137

Nγ per ion laser 1 σ below resonance 0.180 0.182
with stimulated emission 0.124

Nγ per ion laser 2 σ below resonance 0.133 0.135
with stimulated emission 0.093



pop gf-cmcc v3: no stimulated emission

Laser 2 σ below resonance, emitted photons features on a screen perpendicular to z
axis @ 5, 10, 15, 20 m from IP.
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conclusions

• Benchmark accurately GF-CMCC with the other codes: validate reliability range

• Perform a complete optimization to define input parameters for PoP

• Generation of stimulated emitted photons

Thank you for your attention!
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