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Generalities on Compton scattering

Compton radiation 1s frequency-angle correlated \
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Generalities gn Compton scattering

Large natural spectrum
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Generalities on Compton scattering

Temporal structure of the radiation

All electrons emit out of phase and the longitudinal structure of the radiation is
totally incoherent

At,

AT AT rad,total = AT

€



Generalities on Compton scattering

Macar ineremeces nd Manods i Py Remech A G (2009) S3-527
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Fig. 3. Amplitude |E(xy,4)| (a) and phase of Ey(xy,4) (b) for 2 =0.7 A atr = 10m from the source. Coordinates x and y in microns, Fourier time-transform of electric field in
Vs/m.
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Polarization

Why studying gamma ray polarization?

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

Theoretical and simulation studies of characteristics of a Compton light source

. C. Sun*" and Y.K. Wu
Department of Physic: n, North Carolina 27708-0305, USA

and DFELL, Triangle Univer: Durham, North Carolina 27708-0308, USA
(

Durham,
. Received 25 January 2011; published 21 April 2011)
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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:

‘>

Total intensity Stokes parameter

(B, P-IE, 2 ) (E-[E, )
on the screen at 1 m,
the circle 1s 1/g
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Polarization: typical plasma accelerated beam

NATURE PHOTONICS | LETTER < =

All-optical Compton gamma-ray source
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FIG. 10. (a) Photon flux, (b) bandwidth, and (c) Stokes electron beam

parameter S; vs acceptance angle for a typical plasma beam.
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Orbital Angular Momentum (OAM)

Why studying radiation with orbital angular momentum?

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

C

Spin Ang Mom interaction =~ Orb Ang Mom interaction

Scheme of the source \

s= 4h j=s+ mh
OAM x-y rays

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

i radiation.

OAM laser pulse

Electron beam
; screen

Compton Scattered X-Gamma Rays with Orbital Momentum
V. Petrillo, G. Dattoli, |. Drebot, and F. Nguyen
Phys. Rev. Lett. 117, 123903 (2016) — Published 16 September 2016

Source

‘Wild type’ electron beam generated by linac



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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Orbital Angular Momentum, radiation calculation

Propagation of the laser: X radiation the screen,
classical treatment:
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Orbital Angular Momentum, radiation structure
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Orbital Angular Momentum
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Two color with a two energy e-beam

Electronic current
(2)

Typical electron phase space of an e-beam
with two energies
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Two color: condition on acceptance Y=qg
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Two color: TSTEP simulation
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Generation of a combed laser pulse by passing the
Ti:Sapphire pulse through a birefringent crystal that
decomposes the two orthogonal polarizations and
introduces a time delay of few ps between them.

The combed radiation illuminates the cathode and extracts
an electron packet with two
beamlets.

The electron bunch is injected in the linac for velocity
bunching (injection off crest) and, rotating in the phase
space, is compressed and accelerated.

The electron bunch, composed by two beamlets differently
separated in time and energy, could be transported to the
Thomson interaction point (IP).
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Two color: e-beam data, experiment at SPARC LAB

Combination of multipulse laser techiques and velocity bunching in the linac

Whole beam
Beam A Beam B
Energy 90 MeV 93 MeV
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Energy spread | 0.6% 0.6%
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Two color: X rays spectra
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Two color: four bunches

TSTEP simulation by C. Ronsivalle Radiation spectrum
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Chirping the laser for enhancing the spectral density

Increasing the laser intensity, the peak frequency shifts towards lower values, the spectrum
broadens and secondary peaks appear. N, =240 a,2 Dt(ps) -

b 0.8 1
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0.0l —m=Ft LN
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Spectrum of one electron on axis W/,
1071
The electron experiences a variable laser parameter 3
Its longitudinal velocity cél)anges. 2 5x10°
+
= ®,  a,=0.85I'2.
(1-Pp)
And therefore also the local emitted frequency changes. 0+ 025 05



PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 16, 030705 (2013 B . o .
Sic C €S - AcC S 16, 130705 @013) Controlling the spectral shape of nonlinear Thomson scattering with proper laser

E'4 chirping

L]
Spectral i ion of Thomson light by pulse chirping
5.G. Ryk R eTe) ) 1 CR S N , ’ )
1 Isaac Ghebregziabher, B. A. Shaduwick, and Donald Umstadier S.G. Rykovanov,' " C.G.R. Geddes,' C.B. Schroeder,' E. Esarey,! and W.P. Leemans
Department of Physics and Astron: miversi a In, Lincoln, Nebraska 68588, USA 1 Lawrence Berkeley National Laboratory, Berkeley, CA 94720
eceiv

ity of Nebraska-Lincoln, Linc
y 2012; published 19 March 2013)

The 1dea is to compensate the dependence on z of b, by introducing in the laser a longitudinal dependence of

w (z+ct) :
E(x,t) = Ey (X, t)sin T’ No chirp

I'=k, (z+ct)

Chirped laser pulse

Monochromatic X-y rays

“E‘l'éc‘tron beam



Chirp

Calculations with the stationary
phase method gives the optimum

expression of f(z+ct):
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Compton enhanced source: collective effects lead to FEL emission

What a challenge!!!  So, why studying Optical Undulators ? Compactness of the set-up.
Dimension of the spot. Tunability at high frequency.

1/3 2
. Z, M\
In the FEL emission: A—X =p . p= 11 kLi‘Lg — ZR 1572
A 2’y I 4n°c, Lg 210
Condition on emittance: ~ Condition on energy spread:
A e 287 AL _
S

A y A P Intense and non 2\
diffracting laser pulse ’
€, <0, \ﬁ Ay _p

Pellegrini criterion
\/ \5 m e

Condition on laser profiles :

Coherent, intense and
monochromatic X-y rays

wo o V2
> >N<
q2 p N =0 ] High current electron beam
0 period — 7\’_ = W

A.R. Rossi, Cuba conference



High challenge for laser energy,

transverse and inhomogeneous

Possibilities

High challenge
for the value of rho

effects
10°
10*
10°
0 e \/B
10
. <p
10
4
ABcD 10
tolerance - | . |
factors between 10 -5 10 -4 10 -3 10 -2
1 and 10
P
p Ayly e, /o, w,/c, | No(Gauss)=c/L,
104 Ax 104 |B10-2 141/C 900000/D
103 Ax103 |BO0.03 43/C 30000/D
102 Ax 102 |Bx0.1 14/C 930/D

Linac accelerated beams
AR 12nm 0,75 m 1.08 A Inm
laser CO, CO, Ti:Sa Ti:Sa
I(A) 150 1000 3000 600
rp (Um) 30 25 7 10
Iy, (mm) 1 1 0.3 |
&y 1.06 0.3 0.26-0.8 0.26-0.8
AE/E 1.3x107* 1074 104 10-*
Y 16.5 60 55 18,11
ayp 0.2 0.3 0.8 0.8
p (1074 7.01 2.91 3.82 5.36
Lip 654 um 1.57mm 121 pm 68 um
P (MW) 0.1-10 1.93 9.4-1.5 1
Plasma accelerated beams
I(kA) r g Dg/gtotal | s e Dg/g
slice
20 3103 [ 55 | 210-2 5 mm 0.3mm 310-3
TABLE II. Radiation parameters.
Pre (W) E(n)) Lg (um) L. (mm) Ag (nm) SAr/Ag
Case 1 7.5 X 108 04 0.5 2.5 1.36 0.82%
Case 2 6 % 10° 0.5 0.6 2.7 1.43 0.16%
Case 3
First peak 2 X 10% 0.05 0.05 1 1.35 0.81%
Saturation 1.5 X 108 0.12 0.5 4.5




Collective effects
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Collective eftects
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Ideas for optical undulators  JoumolofPhysiceB:Atomi, Molecularand OptcalPhysics

Journal of Physics B: Atomic, Molecular and Optical Physics

PAPER

Optical free-electron lasers with Traveling-Wave Thomson-
Scattering

Tilted laser pulse

Klaus Steiniger2, Michael Bussmann?, Richard Pausch®Z, Tom Cowan, Arie Irman?, Axel Jochmann?,
Roland Sauerbrey?, Ulrich Schramm? and Alexander Debus®

Published 24 November 2014 * ® 2014 IOP Publishing Ltd

Journal of Physics B: Atomic, Molecular and Optical Physics, Volume 47, Number 23
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Electrons

Laser /
/ Astra simulations
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Gamma-gamma collider for g—g events generation, Illya Drebot (later on)



Conclusions

Thank You for the attention



Gamma-gamma collider for the study of g—g events generation

| 26 —2 See poster section
= A L=2710"cm /s P
Electrons Parameter of the Compton sources ELI-NP-like Compton SOuUrces
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Two color: spectra at 30 MeV
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The factor p is about 3.8 x 10*, and the radiation
wavelength is about Ag = 1.1 A. In this case we are at the
imit of vahdity of the classical model, because the
quantum factor g is 0.9, and quantum effects, arising when
g>1, can play an important role [16,17]. However, the
previous condition on g relies on one-dimensional models.
Three-dimensional considerations [18] seem to point out a
relaxation of the above condition due to the enlargement of
the bandwidth associated to non-ideal and geometrical
effects so that the requirement g>1 should be rather
replaced by qp>nmx(p,A}'/}',f:,2u/6i), where gp is the
relative energy separation between the quantum lines, p is
the one-dimensional natural bandwidth and Ay/y and
E':u /ai are, respectively, the inhomogencous line broad-
ening due to energy spread and emittance effects [19]. In
our case, we have gp =3.5x 10", but for the case (a)
8';" /o‘i never goes under 7 x 107 *. The cases with larger
emittance are, in this sense, even less critical respect to the
presence of quantum effects. The cases presented require
an amount of laser power still outside the present status of
the art, but achievable in the near future [20]. In fact, for
instance, in the case (b) with emittance £, = 0.54 mm mrad,
at saturation the beam has a maximum radius of about
15 pm; assuming for the laser in the waist a spot size of
20 pm, we obtain the needed laser power of more than
17TW for at least 1.5mm, corresponding to a total laser
energy of about 851J.



