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INFN Proposal for ELI -NP Compton Gamma-ray Source

Luca Serafini ïINFN Spokeperson for ELI-NP

ÅMotivations for our Proposal: Bright Mono -chromatic 

Compton Back-Scattering Sources need Ultra-High Phase 

Space Density e- beams (INFN-LNF is leading in this field)

ÅEquivalence Gamma-ray Spectral Density / Phase Space 

Density of electron beam (Analytical Scaling laws)

ÅExtensive, unprecedented, campaign of Beam Dynamics 

Optimization for High Brightness Photo-Injectors 

(numerical scaling laws -> C-band reveals as best option)

ÅLay-out for Photo-Linac and Laser (including wake-fields!)  

more details on scheduling, costs, etc, in Patrizio Anticiôs talk
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Final emittance = 0.4 mm

Matching onto the Local Emittance Max.

This brings to Ferrarioôs working point, 

adopted by LCLS  and   TTF-FEL II

S-band photoinjector up to 150 MeV,     HOMDYN simulation

(RF Gun + 2 Traveling Wave Structures)

Q=0.25 nC, L=10ps, R=1 mm, Epeak=130 MV/m, TW Eacc= 25 MV/m
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Brief Review of      

Beam Dinamycs in Photo-Injectors

ÅThe beam generated at the  photocathode surfacebehaves like a

Single Component Relativistic Cold Plasmaall the way 

up to the injector exit (150 MeV)

ÅIt is a quasi-laminarbeam both in transverse(laminar flow) and 

longitudinal plane (lack of synchrotron motion)
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S.C.R.C.P. or  Laminar Plasma-Beam

Å Plasmalaunched at relativistic velocities along the propagation axis with 

equivalent ionization = 1/g2 ; plasma confinement provided by external 

focusing (solenoids, ponderomotive RF focusing, acceleration)

Å Spread in plasma frequencyalong the bunchÝ strong time-dependent 

space charge effects Ý inter-slice dynamics

© M. Serafini

Liouvillian emittance = foil volume
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Å Inter-slice dynamicsbrings to projected emittance oscillations which 

are reversible Ý emittance correction

this can be described by a multi-envelope code like HOMDYN

the prescription to reach full emittance correction is 

to match the beam onto the invariant envelope (beam equilibr. 

mode)

S.C.R.C.P. or  Laminar Plasma-Beam

sINV =
1

¡ g 

2I z()

IA 1+4W2( )g

Å Intra-slice dynamicsis affected by space charge field non-linearities the 

prescription to avoid irreversible slice emittance growth is to use 

uniform cylindrical charge density distribution (flat top laser pulses, 

spatially uniform)



Emittance evolution for different pulse shapes

Optimum injection in to the linac with:
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Phase space reconstruction with SPARC 

Emittance meter 

Xô

X
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phase space - simulation and measurements
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Flat top vs gaussian pulse shape

charge 0.74 nC

pulse length (FWHM) 8.7 ps

rise time 2.6 ps

rms spot size 0.31 mm

RF phase (j-jmax) -8°
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Emittance measurements 

with the selected solenoid current I=198 A



Analysis methodology of movable emittance-meter measurements for low energy electron beams

A. Mostacci, A. Bacci, M. Boscolo, E. Chiadroni, A. Cianchi, D. Filippetto, M. Migliorati, P. Musumeci, C. Ronsivalle, and 

A. R. Rossi, Rev. Sci. Instrum. 79, 013303 (2008)

High brightness electron beam emittance evolution measurements in an rf photoinjector

A. Cianchi et al.,  PRST-AB to be published March 2008
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200 fs electron bunch with low emittance demonstrated at SPARC!
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But unfortunately pure RF scaling is

technologically impossible



ELI-NP-TheWayAhead, Bucharest, march 2011

Scattered photons in collision

Ng=LsT sT =
8p
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ÅScattered flux

ÅLuminosity as in HEP collisions

ïMany photons, electrons

ïFocus tightly

ïShort laser pulse; <few psec (depth of focus) 

 

UL =5 J  ;  Q=1 nC Ý  NL =2Ö1019  Ne =6.3Ö109

with  sx =10 mm Ý  L =
NLNe f

4psx

2
@1034 f  cm-2s-1

                         Ng=7Ö109 f  s-1    ( full  spectrum)

 

sT =0.67Ö10-24cm2=0.67 barn
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Energy- angular Spectral distribution

For a bunch the energy spread of the collected photons depends on

ïCollecting angle qM

ïBunch energy spread

ïTransverse emittance
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Optimized Spectral Density´

Luminosity/(en /ŝ)2´Q/en
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Including thermal emittance

0.6  mm.mrad per mm of cathode spot-size (Cu cathode)
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ref. beam
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Fit to the numerical Data

num. artifact
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Nicely uncorrelated transv. phase space ï

thermal emittance dominant ïno bifurcations
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At the very last minute (just this night, thanks to A. Bacci) we obtained,

blending vel. Bunch. with  X-band RF curvature correction (1 X-band)

en = 0.33 mm  Tlaser=5 ps  sx=0.27 mmDT=557 keV for T=585 MeV
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Pushing the correction of correlated energy spread we can go down to

DT/T=2.10-4 ,  therefore achieving sE < 10 keV
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Lasté but not leasté   Wake-fields!


