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“Gamma Factory” studies
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Gamma Factory studies are anchored,  
and supported by the CERN Physics 
Beyond Colliders (PBC) framework.
          More info on all the GF group activities:

https://indico.cern.ch/category/10874

We acknowledge the crucial role of the 
CERN PBC framework in bringing our 
accelerator tests, GF-PoP experiment 
design, software development and 
physics studies to their present stage!

~100 physicists form 40 institutions have  contributed so 
far to the Gamma Factory studies

https://indico.cern.ch/category/10874/


Gamma Factory beams  
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Gamma Factory  photon source

2. Huge jump in intensity:
Ø 6–8 orders of magnitude w.r.t. existing (being constructed) g-sources up to 1018 photons/sec

1. Point-like, small divergence 
Ø Dz ~ lPSI-bunch, Dx,Dy ~ sPSI

x, PSI
y , D(qx), D(qy)~ 1/gL < 1 mrad   

3.Very wide range of tuneable energy photon beam :
Ø 10 keV – 400 MeV -- extending, by a factor of ~1000, the energy range of the FEL photon sources

5. Unprecedented  plug power efficiency (energy footprint):
Ø LHC RF power can be converted to the photon beam power. Wall-plug power efficiency of the 

GF photon source is by a factor of ~300 better than that of the DESY-XFEL! 
                                          

4. Tuneable polarisation:
Ø g-polarisation transmission from laser photons to g-beams of up to 99% 
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Highest fluxes achieved so far – HIgS 
- DukeHigS: dng/dEg = 2–5 x 108 g/Mev/s

Expected improvement – ELINP (2024?) 

ELI-NP: dng/dEg = 1–4 x 1010 g/Mev/s

GF@CERN: 
dng/dEg = 0.4–2.4 x 1017 g/Mev/s

Photon fluxes 

A concrete example: Nuclear physics application: He-like, LHC 
Calcium beam, (1sà2p)1/2 transition, TiSa laser    

6. Highly-collimated monochromatic g-beams:
Ø the beam power is concentrated in a narrow angular 

region (facilitates beam extraction) 
Ø the (Eg,Qg) correlation can be used (collimation) to 

“monochromatise” the beam  

W.Placzek 

W.Placzek 

Beam divergence ~1/gL
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Secondary beams’ sources – Intensity/quality targets 

Ø Polarised positrons – potential gain of up to a factor of 104 in intensity w.r.t. the KEK positron source, 
satisfying both the LEMMA and the LHeC requirements

Ø Pions – quasi-monochromatic pion source (spectral width of ~30 MeV in momentum and transverse 
momentum) -- of comparable intensity to that of FNAL and KEK (~1014 pions/s) 

Ø Muons – potential gain by  a factor of 103 in intensity w.r.t. the PSI muon source, charge symmetry (Nµ+ 
~ Nµ-), polarisation control 

Ø Neutrinos – fluxes comparable to NuMAX but: (1) Very Narrow Band Beam, driven by the small 
spectral density pion beam and (2) unique possibility of creating flavour- and CP-tuned beams driven by 
the beams of polarised muons 

Ø Neutrons – potential gain of up to a factor of 104 in intensity of primary MeV-energy neutrons per 1 MW 
of the driver beam power 

Ø Radioactive ions – potential gain of up to a factor 104 in neutron-rich isotopes



Gamma Factory quasi-monochromatic pion source:
 Idea: De-randomising pion spectra and restoring  their charge symmetry 

8

Unbound nucleon target

Nucleons bound in the nucleus

Z=A/2, (Np=Nn)

Isoscalar target choice: 
assures almost exact charge 
symmetry of p+ and p- production 
(below 2p production threshold) 
 (note the effect of the  nucleon Fermi 
motion smearing – relative to hydrogen 
target)

Isoscalar target, 300 MeV photons  

Laboratory frame: 
Ø Pion energy and transverse 

momentum fully specified by one 
parameter: the pion emission angle, q       

CM frame:
Monochromatic pions 

Proton target, 300 MeV photons  



Three Laser/LHC-beam scenarios for the muon 
beam production 
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GF photon beam for muon production
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W.Placzekg



Number of produced 𝜇+ and 𝜇−
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The numbers of the produced 
muons for the two beam 
collimation scenarios are:Muons r𝛾 ≤ 5mm r𝛾 ≤ 10mm

𝜇- 2.32×1013 
s-1 

6.18×1013 s-

1 
𝜇+ 2.50×1013 

s-1 
6.79×1013 s-

1 
Details in the presentation of Armen Apyan at the 
last year  CNFS workshop and in Phys.Rev paper:



Gamma Factory principles 
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gL = E/M - Lorentz factor for the ion beam

Energy leap: High energy atomic beams play the role of 
passive light-frequency converters:
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Intensity  leap: large cross-section for atomic collisions



Gamma Factory requirements:
Atomic beams  
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PSI – atomic beams of Partially Stripped Ions 

LHC beams  
• Include atomic beams of partially stripped ions in the LHC menu  

• Collide them with laser pulses (circulating in Fabry-Pérot resonators)
      to produce beams of polarized photons and secondary beams
      of polarized electrons, positrons, muons, neutrons and radioactive ions



Small sliver of solid 
isotopically pure 208Pb 
is placed in a ceramic 
crucible that sits in an 
"oven"

Ion Source
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The metal is heated to around 
800°C and ionized to become 
plasma. Ions are then extracted 

from the plasma and accelerated 
up to 2.5 keV/nucleon. 

The source can also be set up to deliver other 
species…  

O, Ar, Xe …

Pb operation

GTS-LHC ion source 

• Pulsed operation in afterglow mode, 
produces ~ms long pulses at 10Hz, only 
~200 us pulses are accelerated, not all 
pulses.

• Equipped with gas injection and 2 
microovens 



Linac 3 
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Pb @2.5 
keV/nucleon

Spectrometer to select 
Pb29+

RFQ

4.2 MeV/nucleon

Stripping foil Pb29+ è Pb54+



Ion Chain : Low Energy Ion Ring 
(LEIR) 
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LEIR accumulates the 200 µs pulses from Linac3; then it bunches the beam (1 or 2 or 3bunches)
Electron Cooling is used to achieve the required brightness. Acceleration to 72 MeV/nucleon 
(Pb) before transfer to the PS.  LEIR Cycle is 2.4 s or 3.6 s. Pb54+ is fully stripped to Pb82+ in 
the transfer line from PS to SPS 

C ~ 80 m
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Sustainability: Re-use of already existing accelerator 
infrastructure – CERN    

Gamma Factory  (additional) requirements: 
• modification of the ion stripping scheme, 
• storage of atomic beams  



Status 2024: Requisite TT2 stripper system installed 
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The two tanks of the new stripper system were  installed during YETS 
2021-2022 and YETS 2022-2023.  Four  stripper foil mechanisms 
operating at ~Hz frequency.  

Stripping of Pb+54 ions in the 
TT2 PS-à SPS transfer line 

PoP experiment
Pb+79

R. Alemany-Fernandez (BE.OP), E. Grenier-Boley and D. Baillard (SY.STI)



Polarised beams in GF: He-like beams  ( Er:glass laser (1522 nm)) 

Radial 
collimation:
R<5 mm@z=50 
m

A trick: 1s2 1S0à 1s1 2p1 1P1 
transition in He-like atoms 

For more details see presentations at our recent, November 2021, 
Gamma Factory workshop: https://indico.cern.ch/event/1076086/
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Atomic beams in the LHC – beam collimation

Lifetime of PSI bunches ~ 50h 

The beam intensity limit is determined by 
the beam collimation efficiency in IR7 

A dedicated LHC MD  with crystal collimation of the 
PSI  (H-like Pb) beam is a natural next step…

Mitigation strategies:
1. Dispersion suppressor collimator (TCLD)
2. Crystal collimation 
3. Laser collimation.

Simulation 
studies 

IR7
zoom

s = 20430 m 



Atomic beams in the LHC - laser cooling
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Opens a possibility of forming at CERN high-
energy hadronic bunches of the required 
longitudinal and transverse emittances and 
population, (bunch merge + cooling) within a 
seconds-long time scale.

Beam cooling: the laser wavelength band is chosen such that only the 
ions moving in the laser pulse direction (in the bunch rest frame) can 
resonantly absorb photons.      

Two regimes:
 g >GD - photon source
 g <GD -  laser cooling

Simulation of laser cooling of the lithium-like Ca(+17) 
bunches in the SPS: transverse emittance evolution.

A. .Petrenko  A. .Petrenko  

Bunch 
   

Ion momentum profile, Dp/p  (GD ~ 10-4  -LHC)

ions absorbing laser photons 

g = Dl/l (laser bandwidth)

sx = 0.8 mm, sy = 0.57 mm
sz = 10 cm, tpulse = 2 ps
Qcoll = 1.3 deg, Dx = 2.44  m
W = 2  mJ Ti:Sa laser pulses

4.0 scatterings
per ion per turn



Gamma Factory requirements:
Laser system  
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Fabry-Pérot (FP) resonators 
and their integration in the electron storage rings  

HERA storage ring KEK – ATF ring 

GF requirement: 
< 5mJ pulses @ 40MHz, 
(200kW  photon beam)
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100W amplifiers are
 commercial systems

mirrormirror

~1016 ph/pulse

Laser pulses

Fabry-Pérot resonator

Towards the first integration of the FP resonator in the hadron storage ring à



27

Fabry-Pérot (FP) enhancement 
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Fabry-Pérot (FP) enhancement -- challenges 



GF Laser was procured (fall 2023) and is being tested 
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Status: February 204  

GF PoP – Gamma Factory proof-of-principle experiment



Proof of Principle at SPS  
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The purpose of the GF SPS PoP experiment 

32

1
Demonstrate that an adequate laser system (5mJ@40MHz) can be (remotely) 

operated in the high radiation field of the SPS.

2
Demonstrate that very high rates of photons are produced : almost all PSI’s are 

excited in single collision of the PSI bunch with the laser pulse

3 Demonstrate stable and repeatable operation

4
Confront data and  simulations

5 Demonstrate ion beam cooling: longitudinal and then transverse

6 Atomic physics measurements

Estimated cost of the experiment  2.5 MCHF 
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§ GF –PoP experiment preparation (to be installed in the LS3 shutdown) 

                                                    (not discussed in this presentation)

§ Beam cooling scenarios studies

§ Gamma Factory based subcritical reactor with waste transmutation capacity studies 

§ Photon beam production scheme in the EM field zone – conceptual developments 

§ Scheme to produce twisted photon beams – conceptual development

§ Gamma Factory polarised positron source – simulations 

Main areas of activity of the Gamma Factory group
in 2024 


