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Laser Compton Scattering as the source of 
MeV-range photons 
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The goal of the HIGS@CERN proposal 
 (HIGS= High Intensity Gamma Source) 

 
Increase the intensity of the present gamma ray 

sources by at least  6-7 orders of magnitude  
 

Eγ in the range ~ 0.1- 400 MeV  
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The source of the proposal: 
an “unconventional” use of the LHC and its detectors for 

the ep(eA) collision programme  
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Partially stripped ions as electron carriers 

Z 

e 

Pb81+(1s) 

p 

…or 

ECM~ 200 GeV 

p 
ECM~ 8.8 TeV 

•  average distance of the electron  
to the large Z nucleus  d ~ 600 fm  
(sizably higher than the range of strong  
interactions) 

• both beams have identical  bunch structure  
(timing and bunch densities), the same β * ,	


 the same beam emittance – the choice  
of collision type can be done exclusively  
by the trigger system (no read-out and  
event reconstruction adjustments necessary) 

• partially stripped ion beams can be  
considered as independent electron and  
nuclear beams as long as  
the incoming proton scatters with 
the momentum transfer q >> 300 KeV  
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Partially  
stripped 

 ions 

laser 
photons 

γ-rays  

Laser  

γ- beam   

LHC filled in with  
partially stripped  
ion beams   

• Energy of the laser photons tuned to a resonant  
 frequency of an atomic transition e.g. 1s     2p  
 
• Decay length in the LAB frame c τ ~ γL/Z4 

 below 0.1 mm for  Pb81+(2p)        Pb81+(1s) + γ 

LHC as a frequency converter of O(1-10 eV) photons into   
O(1 - 400 MeV) γ-rays   
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Scattering of photons on ultra-relativistic 
atoms                

Elaser=1Ry (Z2 -Z2/n2)/2γL 
 

n=1 

n=2 

E=0 

-En =1Ry  Z2/n2 

Elaser 
 

n=1 

n=2 

E=0 

n=1 

n=2 

E=0 

c τ  
E γ-ray  

E γ-ray  =  Elaser×4γL
2

 /(1+(γLθ)2) 

Note:  (Elaser/mbeam) ×4γL  << 1 
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Electrons:  
 

σe = 6.6 x 10-25 cm2	



 

 

Partially stripped ions:  
 

σres = 5.9 x 10-16 cm2	



	



	



scenario 2,  λlaser = 1540 nm  

…cross sections in the Giga-barn range!  

Fine tuning of gamma ray energy: E γ 
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Electrons:  
 

E_beam = 1.5 GeV 
 

Electron fractional energy loss: 
emission of 150 MeV photon: 

Eγ/Ebeam = 0.1  

(electron is lost!) 

Partially stripped ions:  
 

E_beam = 574 000 GeV  
	



	



Electron fractional energy loss: 
emission of 150 MeV photon: 

Eγ/Ebeam = 2.6 x 10-7  

 (ion undisturbed!) 

Example: scenario 1, γL
 = 2887   

…stable ion beams, even in the regime of multi photon emission per turn!    



HIGS  as a source of high intensity 
secondary beams  
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•  High Intensity highly polarised electron and positron beams (~1017 1/s)  

•  Polarized muon and neutrino beams  (~1012 1/s and 4x1019 1/year)*  

•  High intensity monochromatic neutron beams (GDR in heavy 
     nuclei as s a source of neutron beam:  γ + A àA-1 + n ) (~1015 1/s)  
 
•  High intensity radioactive beams (~1014 1/s)  
     (photo-fission of heavy nuclei:( γ + A àA1 + A2 + neutrons )  

*) for the quoted flux of the muons/neutrinos  the LHC circumferential voltage would need  
to be increased from the present value of RF=16 MV and/or the number of stored ions (bunch 
population and bunch frequency)would have to be increased by e.g the factors of 2, 2 and 3) 
The power of the gamma-beam for the quoted fluxes would be ~4 MW.   
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Possible application of HIGS for the  µ+- µ- collider 
(detailded studies by the muon collider experts would be most welcomed…)  

muon-beam emittance (factor ~104 
improvement* possible, counterbalance 
lower intensity?) 
 

HIGS muon flux (factor 10 lower than 
required)up to 1012 polarized µ+µ- pairs [1/s] 
for 4MW RF power of the LHC cavities (For 
comparison: TLEP RF power ~300MW)   

*) the theta/energy correlation of the muons produced by the photon conversions on high Z target 
would have to be exploited in the beam forming section   
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 …but, if the initial muon polarization is preserved in the acceleration 
process à ultra pure νµ (νµ) beams of precisely equal fluxes (e.g. CP –
violation measurements in the neutrino sector)  

Achievable neutrino flux  (a factor 10 lower that of NuMAX, 
a  factor 50 higher than that of nuSTORM) 

Possible application of HIGS for the muon-based neutrino 
factory (detailted studies by the neutrino experts would be most welcomed…)  
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Problems which need to be solved: 
 
•  For e.g. Eγ ~ 300 MeV,  muons constitute only a small (~10-5) fraction of 

all the photon conversion pairs.  
     How to filter them out?   

•  Muons produced mainly at significantly larger angles than electrons and 
may be emitted at large angles (γe >> γµ).  

    How to collect them to preserve the small longitudinal and transverse  
     bunch sizes of the parent photon bunches? 
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Hint1 
 
The conversions, especially on  
high Z material lead to a simple 
relation between the outgoing 
muon energy and angle:  

H.Burkhardt et al.  
CLIC Note 511  

Hint2 
 
Electrons are relativistic,  
muons are not:  
 
βe = 1, <βµ> ∼ 0.5 	



	



20 ns following the collision 
of the photon bunch with the 
conversion target, electron  
and muon bunches are  
separated by (on average)  
200 cm  allowing for their  
efficient separation  
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muon  
acceleration   

electron 
acceleration   

γ-beam    

Electrons and positrons    

muons   

Momentum equalisation zone    

Focusing 
zone    

initial ideas…  

Electron and muon 
bunches  
separation zone    

muon collider  
neutrino factory  

electron-ion collider  

~3 m bunch separation 
over the time span of 
~20ns  
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