
Overview of the Physics and Technological�
Challenges of (Inverse) Compton Sources

•  Physics of Thomson/Compton back-scattering from 2-body 
kinematics (particle quantum treatment vs. classical electro-
dynamics a’la synchrotron radiation)

•  Effect of electron recoil on X/γ ray beam phase space quality 
(spectral density, bandwidth broadening) and on electron beam 
(emittance dilution in multiple scattering and incoherent energy 
spread due to scattering stochasticity)

•  Challenges of electron-(optical)photon colliders as X/γ  beam 
Sources using Compton back-scattering
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•  Need of high peak brightness/high average current electron 
beams (cmp. FEL’s drivers) fsec-class synchronized and µm-
µrad-scale aligned to high peak/average power laser beams

•  Main goal for Nuclear Physics and Nuclear Photonics: 
Spectral Densities > 104 Nph/(s.eV)
photon energy range 1-20 MeV, bandwidths 10-3 class

•  Overview of Paradimgs for Thomson/Compton Sources: Linac 
based, Storage Ring based, ERL SuperConducting Linac based

•  ELI-NP-GammaBeamSystem in construction by EuroGammaS 
as an example of new generation Compton Source

•  STAR in construction at University of Calabria as an example 
of compact Thomson Source for countries under development
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•  BriXS as an example of an Ultra High-Flux Thomson Source 
with ambitions/potentialities to compete with Synchrotron 
Light Sources (context: Human Technopole Initiative)

•  Main goal for MeV-class γ - γ   and   TeV  γ - nucleon colliders:
Peak Brilliance > 1021 Nph/(s.mm2.mrad2.0.1%)  109<Nph<1013

Source spot size µm-scale (low diffraction, few µrad)
Tunability, Mono-chromaticity, Polarization (H,V,C)

•  Photon-Photon scattering (+ Breit-Wheeler: pair creation in 
vacuum) is becoming feasible with this new generation γ-beams: 
a γ-γ low energy collider
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If the Physics of Compton/Thomson back-scattering is well known…. 

the Challenge of making a Compton Source running as an
electron-photon Collider with maximum Luminosity,
 to achieve the requested Spectral Density, Brilliance,

narrow Bandwidth of the generated X/γ ray beam, 
is a completely different issue/business !

Re-visiting the Physics of Compton back-scattering
with an eye to effects impacting the quality and behavior of

the photon (and electron) beam phase space distribution



Workshop on Trends in FEL Physics, Erice, May 19th 2016

1-25 GeV
electrons

100-0.5 Å
photons

cm und. period λu

FEL’s and Thomson/Compton Sources common mechanism:�
collision between a relativistic electron and a (pseudo)electromagnetic wave

 

20-150 MeV electrons 0.8 µm laser λ 20-500 keV
photons

3 km

20 m



FEL resonance condition 

€ 

λR = λw
1+ aw

2( )
2γ 2

(magnetostatic undulator ) 

Example : for λR=1A, λw=2cm, E=7 GeV 

€ 

λR = λ
1+ a0

2 2( )
4γ 2

(electromagnetic undulator ) 

Example : for λR=1A, λ=0.8µm, E=25MeV 
Example : for hν=10 MeV, λ=0.4µm, E=530 MeV 

€ 

a0 ∝
λ µm[ ] P TW[ ]

R0 µm[ ]

laser power

laser spot size

€ 

aw = 0.93λw cm[ ]Bw[T]
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L. Serafini et al., Proceedings of the SPIE, 
Volume 6634, article id. 66341G (2007)
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Quantum model 

Compton/Thomson generalities, 3 

Compton Inverse Scattering Physics is clear: recall some basics

3 regimes: a) Elastic, Thomson b) Quasi-Elastic, Compton with 
Thomson cross-section c) Inelastic, Compton, recoil dominated

Laboratory ref. system

Petrillo V. and al., NIM A 693 (2012)
Sun C. and Wu Y. K., PRSTAB 14 (2011) 044701



Assumptions : hνL << Ee  ; Ee = γmec
2  γ >>1

Quantum Model: a look at what happens in the 
Center of Mass reference system (kinematics) 

electron 4− vector  Pe = Ee c, pex = 0, pey = 0, pez = pe = Ee
2 / c2 −me

2c2⎡
⎣

⎤
⎦

photon 4− vector  Phν =  hνL c,!kx = 0,!ky = 0,!kz = −hνL c⎡⎣ ⎤⎦
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Ee hνL

Lab ref. 

E
e

* hνL
* ≅ 2γcmhνL

c.m. ref. 

Recall some Basics 
!ptot
* =
!pe
* + "
!
khν
* =
!
0



Invariant Mass, Lorentz transformation from 
Lab to c.m. ref. system 

Total  4− vector  P = Pe +Phν = Ee c+ hνL c, 0, 0, Ee
2

c2
−me

2c2 − hνL c
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
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Invariant  Mass s ≡ cP•cP = Etot
2* = Ecm

2

4− vector  product  P1 •P2 ≡ E1E2 c2 − !p1 ⋅
!p2⎡⎣ ⎤⎦( )

Ecm ≅ 4EehνL +me
2c4 =mec

2 1+ 4γhνL

mec
2

e−  recoil   factor  Δ ≡ 4γhνL

mec
2
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Holds before and 
after scattering 
(c.m ref. system!) 
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after scatt. 

what is the probability of scattering at        ? 
Klein-Nishina differential cross-section  
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γcm =
Elab

Ecm

=
Ee + hνL

mec
2 1+Δ

≅
γ
1+Δ

γcm
To transform to the Lab ref. system 

we need to compute  

Then apply a Lorentz transformation 

ϑ * =
2γϑ
1+Δ
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1− γ
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Δ <<1

Thomson regime Δ=0 no recoil 

γ >>1 γϑ <1

Eph = 4γ
2hνL 1−γ

2ϑ 2( )
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γϑ = 0.11



Workshop on Trends in FEL Physics, Erice, May 19th 2016

See C. Curatolo, PhD Thesis, Univ. of Milan, 2016 (and references therein)
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Thomson ∝ γ 2

€ 

Compton
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σCompton
σThomson

X/γ
[MeV]

Te [MeV]

€ 

ν0 = 2.4  eV  (λ0 = 500  nm)

1 GeV 1 TeV

Δ

€ 

νγ ≈
4ν0γ

2

1+ γ 2θ 2 + a0
2 2

1− Δ( )

€ 

Δ =
4γhν 0

mc 2    Δ <<1 Compton  recoil

€ 

σCompton =σThomson 1− Δ( )
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pe⊥
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Δsinϑ *

2 1+Δ

What happens to the recoiling electrons? 

Computing rms transverse momentum (emittance) 
and longitudinal momentum spread by averaging 
over the probabilty distribution (i.e. differential 

cross section) 
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Derivation of rms stochastic momentum 
induced on trasnv. and longit. phase space 

by Compton back-scattering 

pe⊥
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3
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2
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Ne
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εn = 0.3 µm, 
Δγ
γ IN

= 5. ⋅10−4, η = 0.025, Δ = 0.03, bw = 0.003, σ 0 = 20µm⇒

Δεn
εn sc

= 0.006, Δγ
γ sc

= 4.7 ⋅10−4 nsc ≡ scatt. multiplicity



FEL and electron recoil 
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ρ
ρ

SPARC − LAB

εn =1.5 µm, 
Δγ
γ IN

= 2. ⋅10−3, η = 0.9, Δ = 0.003, bw = 0.05, σ 0 = 20µm⇒

Δεn
εn sc

= 0.02, Δγ
γ sc

=1.7 ⋅10−3

Δγ
γ sc

≅
2
5
Δ nscη

η ≡ Nph
tot Ne ≅1

Δγ
γ sc

≅
2
5

nsc
ρ
ρ

Δγ
γ sc

≥
ρ
ρ





Workshop on Trends in FEL Physics, Erice, May 19th 2016

We need to build a very high luminosity collider,
that needs to maximize the Spectral Luminosity,

i.e. Luminosity per unit bandwidth

negligible diffraction
0 crossing angle

electrons laser

€ 

LS ≡
L
Δνγ

•  Scattered flux 
•  Luminosity as in HEP collisions

–  Many photons, electrons 
–  Focus tightly 
 

–  ELI-NP  

σ T =
8π
3
re
2Nγ = Lσ T

 L = NLNe−

4πσ x
2

€ 

σT = 0.67 ⋅10−24cm2 = 0.67  barn

f

€ 

L =
1.3⋅ 1018 ⋅ 1.6⋅ 109

4π 0.0015cm( )2
3200(s−1) = 2.5⋅ 1035cm−2s−1

cfr.  LHC 1034,   Hi-Lumi LHC 1035



Courtesy M. Gambaccini

300 µrad
60 µrad
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Formulas derived from Luminosity 
extensively tested vs. ELI-NP-GBS simulations 

Nγ
bw =1.4 ⋅109

UL J[ ]Q pC[ ] fRFδφ

hνL eV[ ] σ x
2 µm[ ]+

w0
2 µm[ ]
4

⎛

⎝
⎜

⎞

⎠
⎟

γ 2θ 2
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€ 

Spectral  Density  [# photons /s⋅ eV ] S ≡
Nγ

bw

2πhΔνγ

correction factor for collision angle φ <<1

 δφ =
1

1+
φ 2 σ z−el

2 + c2σ t
2( )

4 σ 0
2 +

w0
2

4
⎛

⎝
⎜

⎞

⎠
⎟

€ 

Assumptions :   weak  diffraction  cσt <  Z0 ≡
πw0

2

λ

and  σz−el <  β0 ≡
γσ0

2

ε n

   and  ideal  time − space  overlap

implies :   σt <  a  few  psec  σz−el <  300  µm
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and references therein



Efficiency η of a Comtpon Source 
(number of photons back-scattered per electron 

η ≡
Nγ

bw

fullspectrum

Ne
shot

= 68
UL J[ ]δφ

hνL eV[ ] σ x
2 µm[ ]+

w0
2 µm[ ]
4

⎛

⎝
⎜

⎞

⎠
⎟

ELI − NP    η ≅ 0.025
STAR    η ≅ 0.4
SPARC − LAB η ≅1
can exceed  1 when multiple scattering regime is reached
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ELI-NP-GBS T. D. R.,http://arxiv.org/abs/1407.3669, (2014)
Vaccarezza C. and al., Proc. IPAC2014, Dresden, Germany, (2014)
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νγ =ν
4γ 2

1+ γ 2θ 2 + a0
2 2

1− Δ( )

Bandwidth due to collection angle, laser and 
electron beam phase space distribution 
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Optimized  Bandwidth ≅ 2(εn /σ x )
2

€ 

Maximum  Spectral  Density ∝ Luminosity /(εn /σ x )
2 ∝Q /εn

2

€ 

Maximum  Spectral  Density ∝ Phase  Space  density€ 

γϑ = normalized
collection  angle

electron beam laser

Δ = 4γ hν mc2   Δ <<1 Compton recoil



FEL CONDITIONS FOR EXPONENTIAL GROWTH

€ 

Δνγ
νγ

≥ 2 ε n
2

σ x
2

€ 

2 εn
2

σ x
2 = p⊥rms

2 = γσ x '( )2

€ 

Δνγ
νγ

≤ 0.3%

σ x =15  µm
ε n ≤ 0.58  mm⋅ mrad

€ 

Δνγ
νγ

≤1%

σ x =1 µm
ε n ≤ 0.071 mm⋅ mrad

€ 

ΔνFEL νFEL ≤ ρ   ρLCLS = 5⋅ 10−4

Independent on electron energy !
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€ 

σx,y ≅ 80  µm  @ 15  GeV
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dN/

dE 
(eV

-1 )

E(MeV)

(a)

(a) CAIN
(b) Comp_Cross
(c) TSST

Quantum red-shift  ΔE due to electron recoil:
example ELI-NP-GBS, recoil factor = 0.025

A part from quantum shift, the spectra are quite similar

€ 

Δ = 4γ hν mc 2
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CAIN (quantum
 MonteCarlo)
Run by I.Chaichovska
and A. Variola

TSST (classical)
Developed by
P. Tomassini

Comp_Cross (quantum
 semianalytical)
Developed by V.Petrillo

COMPARISON between classical (TSST), quantum
semianalytical (Comp_cross) and quantum MonteCarlo (CAIN)

Number of
photons

bandwidth

V. Petrillo et al., NIM-A693 (2012) 109
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Angular and Frequency Spectrum�
(560 MeV electrons)
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(E,θ) Distribution

Second harmonics

Third harmonics
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    Quasi head-on collision of a 5 MeV electron 
    (θe = 50 mrad, φe = π/2) on  a flat-top pulse of 

normalized ampliude a0=1.5, λ = 1µm and T = 20 fs
Example 

P. Tomassini et al., Appl. Phys. B 80, 419 (2005)
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I. Drebot (INFN-Milan) for STAR, to be published
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I. Drebot (INFN-Milan) for STAR, to be published



ELI-NP γ beam: the quest for narrow 
bandwidths (from 10-2 down to 10-3) 

Courtesy V. Zamfir – ELI-NP
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Spectr. Density > 103

Spectr. Density = 1
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€ 

γ − ray   1− 20  MeV  ; rms  Bandwidth  3.− 5. 10−3

€ 

Spectral  Density :   103 −104  photons /s⋅ eV

needs  3.105  photons / pulse  @ 3 kHz  rep  rate

€ 

     rms  divergence  30 <  300  µrad
linear  or  circular  polarization  >  98%
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ELI-NP GBS (Extreme Light Infrastrucutre Gamma Beam System) 
Main Parameters

€ 

Q = 250pC  ; εn = 4.10−7m⋅ rad  ; Δγ γ = 5⋅ 10−4

outstanding electron beam @ 750 MeV with high phase space density
(all values are projected, not slice! cmp. FEL’s)

Back-scattering a high quality J-class ps laser pulse

€ 

UL = 400  mJ  ; M 2 =1.2  ; Δν
ν

= 5⋅ 10−4 not
sustainable

by RF,  Laser!



Accelerator and Equipments
in ELI-NP Building



109 Authors, 327 pages
published today on ArXiv

http://arxiv.org/abs/1407.3669



CIRCULATOR PRINCIPLE
•  2 high-grade quality parabolic mirrors

–  Aberration free
•  Mirror-pair system (MPS) per pass

–  Synchronization
–  Optical plan switching

⇒  Constant incident angle = small bandwidth

PARAMETERS = OPTIMIZED ON 
THE GAMMA-RAY FLUX

•  Laser power = state of the art
•  Angle of incidence (φ = 7.54°)
•  Waist size (ω0 = 28.3µm)
•  Number of passes = 32 passes 

Optical system: laser beam circulator (LBC)�
for J-class psec laser pulses focused down to µm spot sizes

2.4 m

30 cm

Electron beam is transparent to the laser (only 109 photons are back-
scattered at each collision out of the 1018 carried by the laser pulse)

courtesy K. CassouWorkshop on Trends in FEL Physics, Erice, May 19th 2016





Unlike FEL’s Linacs, ELI-NP-GBS is a multi-bunch accelerator, therefore we 
need to control the Beam-Break-Up Instability to avoid complete deterioration
of the electron beam emittance, i.e. of its brightness and phase space density

ELI-NP-GBS High Order mode Damped RF structure

Workshop on Trends in FEL Physics, Erice, May 19th 2016 courtesy David Alesini



C-BAND	STRUCTURES:	HIGH	POWER	TEST	SETUP	
The structure has been tested at high power at the Bonn University under RI responsibility.
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Successfully tested at full power (40 MW)

courtesy David Alesini



FLASH

12.4 1.24 0.124 λ  (nm)

Thomson/Compton Sources

Brilliance of Lasers and X-ray sources

BELLA
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€ 

B =
Nph

2πσt M
2λ( )2 Δλ

λ€ 

Nph =1019 −1020

σt =10 − 20  fs

ELI

€ 

Nph =1011 −1013

σt =10 − 200  fs

€ 

BCompton ∝γ
2

€ 

Nph =108 −109

σt =100 fs − 5ps

Outstanding X/γ photon beams
for Exotic Colliders



Advancing Thomson X Ray Sources for �
Bio/Medical Imaging Applications and Matter Science�

Proposal BriXS: BRIght and compact X-ray Source

COMPTON 2008
Compton sources for X/! rays: 

Physics and applications

Alghero, Sardinia, Italy 
September 7–12, 2008

Guest Editors

Massimo Carpinelli
Luca Serafi ni
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BriXS - Milan, March 2016



BriXS - Milan, March 2016

Compact machine
10x10 m2

In operation since
early 2015



Measured 5.1010 ph/sec with 20 mA

BriXS - Milan, March 2016

measured
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Phase Contrast Imaging made possible
by small round source spot size (< 20 µm)



courtesy of A. Bravin (ESRF)

BriXS - Milan, March 2016

Bio-Medical Advanced Imaging with Mono-chromatic X-rays, demonstrated at
Synchrotrons, is possible also with High Flux Thomson X-ray Sources
in 20 keV-100 keV energy range



BriXS - Milan, March 2016

Bio-Medical Advanced Imaging with Digital Subtraction of Mono-chromatic
X-ray shots are also possible with High Flux Thomson X-ray Sources with
picosecond to millisecond time resolution



BriXS - Milan, March 2016

Also Mammography with Mono-chromatic X-rays at 20-30 keV has been proven
far superior in Signal-to-Noise-Ratio w.r.t. conventional mammographic tubes,
with a considerably lower radiation dose to the tissue

Compact Thomson X-ray Sources could be located inside hospitals to diagnose
and treat patients directly at the hospital site (unlike Synchrotrons…)
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For Radio-logical Imaging and Radio-therapy Applications
The Key Issue is Flux (Photons/s) with a reasonable bandwidth
(3-10%, avoid low energy tail of bremmstrahlung spectrum!)

The entry level is 1012 photons/s for Imaging
and 1013 for Therapy

1013 – 1014 and over would open the era of clinical applications,
i.e. treatment of patients inside hospital



WG4 : Applications and beam manipulation, Luca Serafini, Marie-Emmanuelle Couprie

1. Test facilities

UH-FLUX
Advanced Compton/THz source based on novel design of 

coupled SC RF cavities A. Seryi, JAI

Compton or Coherent Smith Purcell 
(THz)
Recovery linac

BriXS - Milan, March 2016

New Generation High Flux (1014-1015 ph/s) Sources in the US (BNL), Japan (KEK)
and UK (STFC) based on Energy Recovery Super-Conducting CW electron linacs



WG4 : Applications and beam manipulation, Luca Serafini, Marie-Emmanuelle Couprie

1. Test facilities

UH-FLUX
Advanced Compton/THz source based on novel design of 

coupled SC RF cavities A. Seryi, JAI

Possible parameters

BriXS - Milan, March 2016

With unprecedented and outstanding foreseen performances, at all similar to
Synchrotrons, but with higher energy X-rays



BriXS - Milan, March 2016

Quantum beam project – KEK/ATF
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J. Urakawa at KEK-ATF

J. Urakawa, Nucl. Instr. and Meth. A (2010), doi:10.1016/j.nima.2010.02.019 
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comprehensive overview recently presented at the PAHBB-2016 Workshop (see 
https://conferences.pa.ucla.edu/hbb/index.html) by A. Variola (INFN-LNF)
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Many Thanks to my Colleagues/Friends:

Vittoria Petrillo, Camilla Curatolo, Cristina Vaccarezza, Alberto Bacci,
Andrea Rossi, Illya Drebot, Ezio Puppin, Alessandro Variola, Alex
Murokh, Fabian Zomer, for many helpful and stimulating discussions
and for providing material for this talk
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A MeV-class Photon-Photon Scattering Machine based on �
twin Photo-Injectors and Compton Sources

•  γ-ray beams similar to those generated by Compton Sources for 
Nuclear Physics/Photonics

•  issue with photon beam diffraction at low energy!
•  Best option: twin system of high gradient X-band 200 MeV 

photo-injectors with J-class ps lasers (ELI-NP-GBS)

Workshop on Trends in FEL Physics, Erice, May 19th 2016
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We evaluated the event production rate of several schemes for 
photon-photon scattering, based on ultra-intense lasers, 
bremsstralhung machines, Nuclear Photonics gamma-ray 
machines, etc, in all possible combinations: collision of 0.5 MeV 
photon beams is the only viable solution to achieve 1 nbarn-1 in 
a reasonable measurement time.

1) Colliding 2 ELI-NP 10 PW lasers under construction (ready in 
2018), hν=1.2 eV, f=1/60 Hz, we achieve (Ecm=3 eV): 
LSC=6.1045, cross section= 6.10-64, events/sec=10-19

2) Colliding 1 ELI-NP 10 PW laser with the 20 MeV gamma-ray 
beam of ELI-NP-GBS we achieve (Ecm=5.5 keV): LSC=6.1033, 
cross section=10-41, events/sec = 10-8

Workshop on Trends in FEL Physics, Erice, May 19th 2016



3) Colliding a high power Bremsstralhung 50 keV X-ray 
beam (unpolarized, 100 kW on a mm spot size) with ELI-
NP-GBS 20 MeV gamma-ray beam (Ecm=2 MeV) we 
achieve: LSC=6.1022, cross section=1 µbarn, events/s = 
10-8

4)  Colliding 2 gamma-ray 0.5 MeV beams, carrying 
109   photons per pulse at 100 Hz rep rate, with focal 
spot size at the collision point of about 2 µm, we 
achieve: LSC=2.1026, cross section = 1 µbarn, events/
s=2.10-4, events/day=18, 1 nanobarn-1 accumulated 
after 3 months of machine running.
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Laser pulse round-trip is about 16 nsec. A fresh electron bunch must 
be transported and focused at the IP every 16 nsec, for 32 round 

trips (total of 480 nsec -> need long flat RF pulse)

γ-ray beam time structure: micro-pulses carrying about 105 photons 
within the bandwidth (0.3%-0.5%) with 0.8 psec pulse duration, in 

trains of 32 micro-pulses, repeating at 100 Hz (10 msec train-to-
train separation)

courtesy K. Cassou



Full Control of Polarization and switch from Linear (H, V) to 
Circular (up to 98% polarization)
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•  Final Formula including acceptance angle and electron recoil is:

€ 

Δ =
4γ hν mc 2

1+ 2γ hν mc 2    0.005 < ΔELI −NP −GBS < 0.025
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very favourable scaling with bandwidth

Formula valid also for diagonal and circular polarizations

dominated by recoil: gift of
quasi-Thomson elastic regime
(no polarized electrons needed!)
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Designed and developed by INFN-Ferrara, INFN-Firenze, INFN-Catania
(O. Adriani, S. Albergo,  P. Cardarelli, G. Di Domenico, M. Gambaccini,

G. Graziani, G. Passaleva, M. Statera, A. Tricomi, M. Veltri) 
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Laser pulse must be short compared to Rayleigh length so that whole 
pulse is focused simultaneously. 

Laser may be shorter than Rayleigh length, but less than 0.5 ps is not 
practical, and could lead to non-linear effects not included in our 
spectral model. 

Laser pulse length matched to 
focus size (Rayleigh length). 

Laser pulse too long for small 
focus size. 

Matching Laser Pulse Length and Focus Size 

courtesy D. Moncton
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electrons 

laser 
electrons 

laser 

Electron Bunch Length Matched to Rayleigh Length 

Electron pulse too long Electron pulse matched 

Poor efficiency at 
head and tail 

courtesy D. Moncton
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The peak brilliance of an optimized MEGa-ray 
source is both revolutionary and transformative

-nuclear resonance fluorescence 
-nuclear photo-fission
-pulse positron production
-precision spectroscopy
-etc.

Courtesy C. Barty - LLNL
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Photon-photon scattering is a probe into 
the structure of the vacuum of QFT

The QFT vacuum holds the key to the 
understanding of renormalization in QFTs. 

Different vacua are possible, and the 
observation of photon-photon scattering would 
provide important clues on the actual structure 
of the QFT vacuum. 

Photon-photon scattering at low energy is very difficult to observe, the total cross-
section is extremely small. The total unpolarized scattering cross section predicted by 
QED is

Where

This evaluates to a very small number with low energy (≈ 1 eV) photons, however it 
increases as the sixth power of photon energy.

�(QED)
�� =

973µ2
0(~!)6
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e

Ae =
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e

45µ0mec2
⇡ 1.32 10�24T�2
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Multiphoton Breit-Wheeler scattering was observed at SLAC.
However, as clearly stated also in the paper, “The multiphoton
Breit︎-Wheeler reaction becomes accessible for n > 3 laser photons
of wavelength 527 nm colliding with a 29.2 GeV photon ︎“.

Indeed, the straghtforward two-photon Breit-Wheeler reaction
has never been observed. The difference may appear minor,
however it isn’t. Multi photon scattering has a considerably
more complex kinematics, and the dynamical calculation clearly
requires more than one internal propagator in the Feynman diagram.

But more than that, Breit-Wheeler scattering — be it multi photon
or not — is described by a simple tree-level diagram at the lowest
perturbative order, while photon+photon —> photon+photon, 
needs a fermion loop at the lowest level, and thus is a true probe 
of the quantal nature of field theory.

Edoardo Milotti  -   INFN-Trieste 
Workshop on Trends in FEL Physics, Erice, May 19th 2016
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Differential Cross Section is larger
at large scattering angles for lower
photon energies – easier detection
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Differential Cross Section is smaller at
large scattering angles for higher photon
energies – more difficult detection
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Recent references on low-energy light-magnetic field scattering (photon-photon 
scattering between real infrared photons and virtual magnetic field photons)

• F. Della Valle, E. Milotti, A. Ejlli, G. Messineo, L. Piemontese, G. Zavattini, U. Gastaldi, R. 
Pengo, G. Ruoso: "First results from the new PVLAS apparatus: A new limit on vacuum 
magnetic birefringence", accepted for publication in Physical Review D
• F. Della Valle, U. Gastaldi, G. Messineo, E. Milotti, R. Pengo, L. Piemontese, G. Ruoso, G. 
Zavattini: "Measurements of vacuum magnetic birefringence using permanent dipole magnets: 
the PVLAS experiment", New J. Phys. 15 (2013) 053026

Recent references on possible photon-photon scattering schemes

• A. Torre, G. Dattoli, I. Spassovsky, V. Surrenti, M. Ferrario, and E. Milotti: "A double FEL 
oscillator for photon-photon collisions", Journal of the Optical Society of America B 30 
(2013) 2906-2914
• E. Milotti, F. Della Valle, G. Zavattini, G. Messineo, U. Gastaldi, R. Pengo, G. Ruoso, D. 
Babusci, C .Curceanu, M. Iliescu, C. Milardi: "Exploring quantum vacuum with low-energy 
photons", Int. J. of Quantum Information 10 (2012) 1241002

Historical reference on photon-photon scattering opportunities

• Paul L. Csonka, “Are photon-photon scattering experiments feasible?”, Phys. Lett. 24B 
(1967) 625
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a) 200 MeV/m peak cathode field of X-Band SLAC RF Photo-
Injector (recently proven)

b) 100 MeV/m SLAC (Tantawi/Dolgashev/Spataro) new X-band RF 
cavities (recently demonstrated)

c) 1 J Yb:Yag 100 Hz collision laser (0.8 J expected at ELI-NP-GBS)

1)   Electron beam operation in single bunch – focusability to 3 
micron spot size at Compton Interaction Point

2)   Pointing stability at 2 Compton Sources
3)   Deflection of counter-propagating electron bunches to avoid 

e-/e- interactions

PH2SC 
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A.Bacci – first attempt
SLAC X-band RF gun
and SLAC X-band 
RF structures

250 pC, 3 µm spot size
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Illya Drebot with CAIN – single bunch mode 100 Hz no laser re-circul.
Workshop on Trends in FEL Physics, Erice, May 19th 2016



€ 

LSC ≈ 3⋅ 1025 −1⋅ 1026  uncollimated
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