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Specifications

• The machine specifications are now well
defined by the physics program

Flexibility is required. For the high flux machine, 1-20 
MeV required, with potential of low bandwith
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RTX Spectra for various electron fucus size

30mm
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Compton source characteristics

• Photon flux : 10**13 /s (~10**6/eV/s)
• Time structure: 1 bunch every 20 ns 
• g Energy: 1-30 MeV
• Natural energy spread : 2-3%

– Possibility of collimation down to 0,1%
– Linear loss on the rate

• Beam spot at the IP : 50 microns
• Beam divergence at the IP : few mrads



Possible technologies

• ERL (supraconductive linac)
– Pro:  possible to reach a  small band width ~1%, could go down 

to a few per mil
– Cons :

• Not fully ready to use technology (5 mA operation at JLAB, 100 mA 
R&D going on at Cornell and KEK)

• High cost

• Warm linac plus ring
– Pro :

• ready to use technology (full demonstration in 2010 at KEK with
LAL/KEK experiment)

• Affordable cost
– Cons

• Larger equilibirum bandwith (~10%). Possibility to get below using
special modes of operation



Factor of Merit

Factor of merit
=Signal/SQRT(Background) FM=Flux/(BW)**3/2

Assuming detector resolution infinitely small and flux independant



Detailed contributions from two
sources

• R. Hajima et al., JAEA, Japan
– ERL developpment going on in Japan

• A. Variola et al., LAL Orsay, CNRS/IN2P3 
and Univ. Paris Sud, France
– Extrapolation from a compact X ray source 

(ThomX) project
• Test  this summer at KEK

– Strong interest for ERL based solution for 
positron source for a e+e- collider
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Warm linac plus ring

• The ring circonference will be around 35 m. 
The linac length around 50 m. 

50x20 m



Fabry-Perot cavity built in Orsay ready to be
shipped to KEK





Schedule for the ThomX project

• Compton source with a 50-100 MeV electron ring
• May 2010: shipment of the Fabry-Perot cavity to KEK 

– (world-record holding gain 30,000 !)

• August 2010 : Installation of the cavity on the ATF ring in 
KEK (1.3 GeV)

• First results in Fall 2010
• Dec 2010: ThomX TDR finished
• ThomX start of construction in Orsay  Beginning 2011
• ThomX start of commissionning 2013; 2014 start of 

operation



Experimental R/D in ATF

.

Make a fist 
prototype 
2-mirror cavity

Put it in 
ATF ring

Hiroshima-Waseda-Kyoto-IHEP-KEK

Lcav = 420 mm



Laser Power 
enhancement 250



ERL scenario



ERL-based gamma source 
complex sketch





Simulation work

• Full simulation available for both ERL and 
ring in some specific cases

• Analytical calculations available for ERL
• Cross checks still going on
• Factor of merit : optimum reached around

1% BW



ERL full simulation with 1 mm normalized
emittance

(7 times best achieved, ultimate goal 0,1 mm)





ERL full simulation

• Factor of merit

3911,60,790,1mm

64511,8916,80,5mm

158202,6467,91mm

12578146625 mm

FMBW(%)FluxColl.





Ring simulation at equilibrium
(2% DE/E for electrons)

FM=10



Ring with tighter collimation

FM =3,44



Parameters used for Ring 
simulation



How to improve ring BW

• The DE/E at equilibrium is due to the 
balance between the natural damping
occuring in the ring and the degradation
due to Compton interaction

• Several options under study :
– Give more time to damping (this will of course 

reduce the photon flux)
– Take advantage of a  dispersive section in the 

ring optics



ERL analytical Simulations



Flux, BW and factor of Merit for the 
High brilliance erl



Flux, BW and factor of Merit for the 
high flux ERL



Analytical estimate of the BW 
limiting term for an ERL on axis



Cost estimates

Warm linac plus ring
Estimation based on EXISTING machines 

(many such machines have been built for 
light sources or damping rings)

ATF 30 M€
SOLEIL 35 M€
PEP-II damping ring 25 M€



ERL cost estimates

• When based on FLASH experience and 
using costs of superconducting Linacs in 
Japan and US as other inputs:

• 1 GeV ~100 M€
• Price estimated given by Prof. Hajima

based upon a 2-pass ERL on next slide



Cost estimate from Prof. Hajima



Other factors to take into account
for technology choice

• Availability of specialised manpower
• Cost of infrastructures
• Commitment of international experts and 

teams



Manpower

• More detailed studies are required to 
make an informed technology choice

• Manpower is critically needed to perform
more detailed studies both in Japan and in 
France

• ELI should open up these positions asap!



Upgrade path

• How to follow the scheme proposed by H. Tajima
(progressive implementation)

• Scenario A:
– Warm linac + ring first, ERL later
– Pros : large flux guaranteed and readily available in 2015 for a  

rich experimental program . Use ERL technology when the R&D 
performed in KEK and elsewhere will have matured

– Cons : not much of the initial machine is reused (coud be a plus 
as well since two machines will be available). Higher upgrade 
cost

• Scenario B:
– Small ERL followed by a larger ERL later
– Pro : natural evolution
– Cons : initial program not guaranteed and limited in photon 

energy. Higher initial cost



Conclusion

• Machine specifications well understood
• Photon flux up to 10**13/s are OK
• Two potential technologies

– Warm linac+ ring : cheaper, safer but larger BW
– ERL  : more expensive, not fully demonstrated, can go down in 

BW

• Detailed simulation framework in place, giving first 
results

• Experts review needed in my opinion to better assess
cost and feasability

• More detailed studies are needed and manpower is
lacking


