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How to implement it

Introduction on Compton scattering

Presentation 
Outline
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Compton radiation is frequency-angle correlated

T

Higher 
frequencies
close to axis

Generalities on Compton scattering, frequency-angle correlation

Total acceptance
<max JTmax= 1

Lower 
frequencies
in the outer part

Frequency-angle correlation

Tmax= 1/J
n
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dN/dE The energy-angle correlation permits the control 
of bandwidth and divergence
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Transverse view of the radiation
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Generalities on Compton scattering, collimation

Large natural spectrum

By introducing irides or 
collimators one can diminish 
the bandwidth, by selecting
the photons close to the axishQL 4hJ2QL

Effect of the collimator



In nuclear photonics experiments, the kinematics of neutrons is strongly 
influenced by the polarization of the gamma rays

Generalities on Compton scattering, polarization

Electron beam

Polarized laser pulse

Polarized X-J rays
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Polarized X-J rays
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Polarization: ELI-NP case

Total intensity I            
on the screen at 1 m
Eph=10 MeV

Stokes parameter 
(|Ex|2-|Ey|2 )
(|Ex|2+|Ey|2 )

Linear polarization
of the laser

Circular polarization
of the laserELI-NP Parameters

E=234-529 MeV
Q=250 pC
H=0.5 mm mrad
'E/E=7 10-4

O=520 nm
EL=0.2-0.4 J
G=8°
w0=28 Pm
Eph=2-10 MeV
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Polarization: ELI-NP case

Total intensity Stokes parameter 
(|Ex|2-|Ey|2 )/ (|Ex|2-|Ey|2 )

on the screen at 1 m, 
the circle is 1/J

With a linear polarization of the laser: 



Why studying radiation with orbital angular momentum?

Additional degree of freedom

In exp. of photoinization forbidden decays can be excited, molecules 
in rotational states can resonate in vortex,dipolar and quadrupolar 
transition can be distinguished.

Orbital Angular Momentum (OAM)

Spin Ang Mom interaction Orb Ang Mom interaction

s= ½ħ j=s+ mħ

How to approach the X/gamma range?

Proposals for OAM X-beams are based on 
manipulation of electrons in FEL emission.
The electrons are treated in such a way that 
they carry OAM and tranfer it to the 
radiation.

Pilot experiment with FEL in infrared

Hemsing, E.; Dunning, M.; Hast, C.; Raubenheimer, T.; Xiang, D. First Characterization of Coherent 
Optical Vortices from Harmonic Undulator Radiation. Phys. Rev. Lett. 2014, 113, 134803.



‘Wild type’ electron beam generated by linac

Scheme of the source

Orbital Angular Momentum (OAM), scheme of the source



Orbital Angular Momentum, laser structure
Expression and propagation of an OAM laser mode

Gaussian mode
m=1, x0=y0=0

L. Allen, M. W. Beijersbergen, R. J. C. Spreeuw, and J. P. Woerdman, Phys. Rev. 
A 45, 8185 (1992).

Transverse shape of a laser with OAM, 
intensity, phase and real part

OAM laser modes are generated 
with fork holograms or phase masks

vortex



Orbital Angular Momentum, laser structure

OAM laser modes 
are generated 
with fork holograms 
or phase masks



See poster section
OAM Laser pulse, Milan Optics Laboratory, M. Potenza, B. Paroli et al. 



Orbital Angular Momentum, radiation calculation

X radiation the screen, 
classical treatment:

Quantum treatment:

Propagation of the laser:

Lienard-Wiechert
electric field:

vortex



Orbital Angular Momentum, radiation structure

Electric field at different time and averaged intensity  on the screen
m=1                                      m=2



Orbital Angular Momentum

Orbital Angular Momentum on the screen
m=1                                      m=2

Electron Energy 25 MeV
Electron Charge 1 nC
Electron Radius 0.1 mm
Electron Length 1 mm
Laser wavelength 800 nm
Laser energy 1 J
Laser waist 0.02 mm
Laser duration 1 ps
Repetition rate 10 Hz

Nph= 6 106

Eph= 8 keV



Diagnostics of radiation with Orbital Angular Momentum

Generation and characterization of optical vortex
beams with a Digital Micromirror Device (DMD).
Vortices are generated by encoding a corkscrew-like
phase modulation on a Gaussian laser beam with
computer generated holograms.
Experimental apparatus is used for developments and
test of novel diagnostics by scaling from visible light
to X-rays.

Topological charge and parity are obtained from
the Asymmetric Lateral Coherence (ALC) of
radiation, which is a measurement of the real part
of the complex degree of coherence ϒc with a
fixed reference field E(R,θ0):

Azimuthally-arranged pairs of double slits or
pinholes allow measurements of the
asymmetric lateral coherence.

DIAGNOSTICS GENERATION



• Azimuthal coordinates

• Cartesian coordinates

Simulations of the Asymmetric Lateral Coherence of OAM radiation
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First result: 
Inverse-Compton

X-RAY BEAM


