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Introduction on Compton scattering
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Generalities on Compton scattering, frequency-angle correlation

Compton radiation 1s frequency-angle correlated
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Generalities on Compton scattering, collimation

Large natural spectrum

dN/dE The energy-angle correlation permits the control
of bandwidth and divergence
: . e |
By introducing irides or i S N
collimators one can diminish T S——
the bandwidth, by selecting fd;mm?mwrmmwlww

the photons close to the axis
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Generalities on Compton scattering, polarization

In nuclear photonics experiments, the kinematics of neutrons 1s strongly
influenced by the polarization of the gamma rays

PHYSICAL REVIEW SPECIAL TOFICS - ACCELERATORS AND BEAMS 14, (44701 (2011)

Theoretical and simulation studies of characteristics of a Compton light source
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Polarization: ELI-NP case

Linear polarization  Circular polarization
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Polarization: ELI-NP case

With a linear polarization of the laser:
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Total intensity Stokes parameter
(E[*-[Ey[* )/ (IE*-[Ey* )

on the screen at 1 m,

the circle 1s 1/y



Orbital Angular Momentum (OAM)

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 Spin Ang Mom interaction  Orb Ang Mom interaction

transition can be distinguished.
s= bh j=s+ mh

Pilot experiment with FEL in infrared How to approach the X/gamma range?

Modulator Chicane

‘“;" sl [ Wt i I Radistor gt Proposals for OAM X-beams are based on
W wa | I won o manipulation of electrons in FEL emission.
) 4 ‘.\ The electrons are treated in such a way that
e-besm l:;‘c’:‘i’::n optical dump they carry OAM and tranfer it to the
radiation.

FIG. 1 (color online). Arrangement for generating OAM light
in an FEL.

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.



Orbital Angular Momentum (OAM), scheme of the source

Compton Scattered X-Gamma Rays with Orbital Momentum

V. Petrillo, G. Dattoli, | Drebot, and F. Nguyen

Phys: Rev. Lett. 117, 1235C3 {2016) — Pukiished 16 September 2016 X-’Y ra y S :
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Scheme of the source OAM laser pulse
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Orbital Angular Momentum, laser structure

Expression and propagation of an OAM laser mode

L. Allen, M. W. Beijersbergen, R. J. C. Spreeuw, and J. P. Woerdman, Phys. Rev.
A 45, 8185 (1992).
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OAM laser modes are generated
with fork holograms or phase masks

ijwetk.z) Em (T,2) =% (

Transverse shape of a laser with OAM,

Gaussian mode
intensity, phase and real part

m=1, x,=y,=0

vortex



Orbital Angular Momentum, laser structure

Spiral phase plate

This is the most direct way to generate
OAM. A glass plate with a refractive indexn
and azimuthally varying thickness changes
the optical path length, generating the
characteristic twisted phasafront,

a2 converter

This method converts a diagonally aligned
Hermite-Gauss mode into a Laguerre-Gauss
maode by introducing a Gouy phase shift
between the vertical and horizontal
direction using two cylindrical lenses.

HG, HG,
) 1
I (;! ‘[2' +1

Spatial light modulator (SLM)
The most convenient method todayis
based on digitsl holograms displayed
on an S5LM. This allows generation of
light with arbitrary phase and
amplitude, including OAM beams
and their superpositions.,

: 1
Optical ferris wheel’ 2 LGi+ NLLGY

OAM laser modes
are generated

with fork holograms
or phase masks

Porro prism resonator

Two Porroprisms, forming the end
mirrors of a laser cavity, produce
superpositions of positive and negative
OAM modes where the mode orderis
dictated by the relative orientation

of the two prisms.

Left circular
polarization

Q-plate

In-a O-plate, the optical axes of liquid
crystals are rotated with respect to the
center of the device, This couples the
spinand orbital parts of light's angular
momentum, resulting in the
generation of OAM.

o,

Right circular
polarization

» Fresnel cone

: ' Reftection from:a conical geometry
produces OAM through acquisition of
a'geometric phase. In addition; glass

cones use phase shifts arising from

Fresnel's equations to shape

the polarization.
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OAM Laser pulse, Milan Optics Laboratory, M. Potenza, B. Paroli et al.

See poster section
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Orbital Angular Momentum, radiation calculation

Propagation of the laser: X radiation the screen,
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Orbital Angular Momentum, radiation structure
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Orbital Angular Momentum
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Diagnostics of radiation with Orbital Angular Momentum

DIAGNOSTICS GENERATION
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Topological charge and parity are obtained from L |
the Asymmetric Lateral Coherence (ALC) of
radiation, which is a measurement of the real part Generation and characterization of optical vortex
of the complex degree of coherence Ye¢ with a beams with a Digital Micromirror Device (DMD).
fixed reference field E(r,9,): Vortices are generated by encoding a corkscrew-like

(E(R, 6,)E*(R, 6,)) phase modulation on a Gaussian laser beam with

Ye(R,80,6,) = N computer generated holograms.

Experimental apparatus is used for developments and
test of novel diagnostics by scaling from visible light
to X-rays.

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



Simulations of the Asymmetric Lateral Coherence of OAM radiatio

 Azimuthal coordinates

L=1 L=2 L=3 TOPOLOGICAL
Ly e ‘ =y ‘ +1  PROPERTIES:
6o . 6o 8o ‘ PARITY V]
\ N CHARGE [
"E g, %k 8 = Tx B @ -1 CURVATURE X
OPTICAL BEAMS

e Cartesian coordinates

First result:
odd Inverse-Compton TOPOLOGICAL
NS PROPERTIES:
< Xq PARITY V]
CHARGE X

CURVATURE 0@/

OPTICAL BEAMS X-RAY BEAM



