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Layout of the talk

* Brief introduction to betatron radiation

* Review of experiments using betatron radiation as electron and
photon diagnostics, with a particular focus on diagnostics

* Conclusions



Formation of the cavity and particle dynamics

Thanks to Alessio Del
Dotto for the simulation
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The figure shows the evolution of electron injection and acceleration in a plasma cavity over time (t=2,
4, and 14 ps), where the longitudinal phase space reveals increasingelectron trappingand energy gain.
Correspondingly, the emitted radiation spectrum, integrated up to the same time instants, grows in
intensity as both the electron charge and energy increase duringthe process.



Comparison to other radiation mechanisms

Betatron radiationis similar to wiggler radiation...
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Why a dual diagnostic?

* Betatron radiation carries information on both the electron beam
and the emitted photons.

* Electrondynamics are encoded in spectral and angular features X
divergence, oscillation amplitude, emittance, energy(-s pread).

* Photon properties are encoded in radiation statistics and coherence
X pulse duration and beam quality.

* One non-invasive measurement provides simultaneous electron
and photon diagnostics.
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Production of a keV X-Ray Beam from Synchrotron Radiation in
Relativistic Laser-Plasma Interaction
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Angular distribution of the radiation for x-ray energies beyond 1 keV. (A) The
measurement is made for ne 10A19 cmA-3 in the horizontal plane. Each point
corresponds to an average value over ten shots. The dotted line represents the
result obtained from the 3D PIC simulation. (B) Spatial profile of the x-ray beam
at ne 8*10A18 cmA-3. The corres ponding lineout graphics, where the shadow of
a nickel grid placed in the beam appears, provides the radiation source size in
the transverse directions. The obtained source size is 20 um x 20 um.
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Observation of longitudinal and transverse
self-injections in laser-plasma accelerators
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Both experiment and simulation show
two electron injection stages. The first,
due to longitudinal self-injection early in
the laser propagation, produces a few
pC with a symmetric and stable electron
distribution. The second, caused by
transverse self-injection after strong
laser self-focusing, yields about 100 pC
and leads to an asymmetric, shot-to-
shot varying distribution because it
depends on the laser intensity profile at
injection.
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Optical control of hard X-ray polarization by
electron injection in a laser wakefield accelerator

OPEN
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Polarization-sensitive reflection is realized by
fulfillingthe Bragg condition at Brewster’s angle.
Only sigma-polarized X-rays at 4.35 keV are
reflected (extinction ratio 3%) and detected with
an X-ray CCD camera.
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Typical single-shot electron spectra on the high-energy scintillating
screen. For the vertically confined electron traces (d-f) the
horizontally polarized component dominates.

Snapshot of the electron density gradient taken with a 6-fs duration
probe pulse for zero horizontal angular dis persion.
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Using the initial condition, i.e., the final
electron energy and the betatron X-ray
critical energy at the corresponding
angle as well as the measured plasma
density distribution, the evolution of the
electron energy can be reconstructed
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From the study of electron transverse
dynamics inside the plasma bubble, a
nonlinear correlation between betatron
amplitude and divergence is found. The
angular distribution of the electron beam
inside the bubble is then retrieved.
Knowledge of the trace-space density
enables an indirect measurement of the
correlated transverse emittance.
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Angular Dependence of Betatron X-Ray Spectra from a Laser-Wakefield Accelerator
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Schematic of the experimental setup: anf=
8 off-axis parabola focuses the laser pulse
onto a gas cell target.

Electrons (dashed line) are dispersed in
energy by a magnetlocated 3.5 cm from the
source and recorded onimage plates (IPa
andIPb)at37.2cmand 111.1 cm.

X-rays (solid line) are measured by a 15-
channel spectrometer. LP indicates the laser
polarization direction on the image plates.
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OPEN Reconstruction of lateral coherence
and 2D emittance in plasma
betatron X-ray sources

Alessandro Curcio! , Alessandro Cianchi?**, Gemma Costa?, Alessio Del Dotto?,
Francesco Demurtas’, Massimo Ferrario®, Maria Dolores Rodriguez Frias®$,
Mario Galletti%**, José Antonio Pérez-Hernandez® & Giancarlo Gatti®
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The raw data (left figure) show an absorption pattern.
For each observation angle (identified by a repeating
micropattern in the absorption mask), a radiation field
is calculated with spectral properties that locally fit
the measured absorption. The best-fitting radiation
field provides the spectral-angular distribution of the
X-ray source (central figure). From this distribution,
the lateral coherence functionis retrieved (top-right
figure) usingits definition in terms of the radiation
field. Since the spectral-angular distribution is related
to the transverse profile of the source, the latter can
also be reconstructed (bottom-right figure).



PHYSICAL REVIEW E 111, LO13201 (2025)

C(n)

Measurement of femtosecond incoherent XUV pulses using shot-noise-driven
fluctuations in plasma betatron sources

A. Curcio
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Top left: raw spectral data for a short pulse of
betatron radiation (around 3% of critical energy).

Top middle: the spectral intensity correlation
function, with a best fit correspondingtoa (12 £3) fs
rectangular pulse. The asymptotic line C =0.66 is also
shown (correspondingto k =2).

Top right: normalized intensity distribution (red)
together with a Gamma distribution fit (blue) for k =2.
Bottom row: analogous to the top line in the case of a
longer pulse [(20 +3) fs], correspondingto a k =3.6 fit.



Conclusions

* Aselection of studies on betatron radiation diagnostics in plasma
accelerators has been reviewed.

* Over the years, both established and innovative (to some extent)
techniques have enabled spatial, angular, spectral, and temporal
characterization of betatron radiation.

* Betatron radiation provides simultaneous insight into the
properties of the emitting electron beams and the
characterization of the radiation source itself.
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Visible pump, X-ray probe experimental setup. A 30-cm-
long toroidal mirror is used to collect and focus the X-ray
beam onto an asymmetrically cut (100) InSb sample. The
phase transition is triggered usinga synchronized 30 fs
laser pulse at 820 nm.

X-ray intensity diffracted by the excited InSb sample,
normalized to the incident x-ray intensity, as a function of
the visible pump, x-ray probedelay t. The fits represent
|(Delta t)/ 10 for Tx =100, 500, and 1000 fs.
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