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Plasma accelerators
RF Cavity ~ Plasma Cavity

| m => 100 MeV Gain |mm => |00 MeV
Electric field < 100 MV/m Electric field > 100 GV/m

V. Malka et al., Science 298, 1596 (2002)



Plasma accelerator parameters
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Xrays from plasma

Laser pulse
Trapped electron
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Wiggler / Undulator

Equation of motion (1D)
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Corde, Sébastien, et al. "Femtosecond x rays from laser-plasma accelerators." Reviews of Modern Physics 85.1 (2013): 1.



Betatron radiation

Equation of motion (1D)
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Radiation
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Electron motion
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Radiation - K<<1 KL K=1
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Energy radiated

T/, 2
d?l  e*w? f (nx B) (-2 4
= nx(nix e ¢
dwd 4rn?c
_T/Z
1 = const.
k. = const. a1 d1 dl
'B dw dﬂ. dow df dwdf
10f L] 3 1op e e e T
0.8; K’B << 1 08 Kﬁ = 1 0'85 Kﬁ > 1
0.6; _ 06} 06f ]
" 0-4; — © 0.43- - N 0_4;
Ee il ..
g_[}:_ . ] g_g: l» LE O_OEII. “““l ““llll _
200 400 600 800 1000 1200 1400 o . 1000 2000 3000 4000  500¢ 2000 4000 6000 8000 10000 12000 14000

Undula”fiﬁr“llke * ngglerllke



Gaussian distribution of radius Kg(t) = y(®)r(t)kg(t)

Kg = yrkg
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|deal spectrum Constant
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More realistic spectrum | y =950
Each particle has a different oscillation amplitude
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|deal spectrum
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Calculation of theFlux |
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Theoretical development of 3D model of
electron motion

More accurate trajectory

e Different initial phase
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Conference and school o=

* September 2022- European Network for Novel Accelerators (EuroNNac)
conference Elba island (poster session)

* September 2023 - European Advanced Accelerator Concepts Workshop
(poster session)

* May 2023 -14 International Particle Accelerator Conference (IPAC) IPAC23
TS

(poster session) o

* February 2023 — Winter school at Bad Honnef Physics Schools (Germany) on (D DPG
Plasma Acceleration

 July 2023 — Summer school at Erice (Italy): Internation School of Particle
Accelerators

INFNG=_:

Accelerator School at E. Majorana
CENTER - Erice (Sicily)



Conclusion

* | have studied the theory behind betatron radiation, starting from the
relativistic motion of a single electron within what is called an ion
channel

* | have explored the connection between the motion of a single
electron and its radiation.

* | tried to develop a more realistic computational model that takes into
account the distribution of electrons and the fact that electrons are
accelerated discretizing the ion chanell

* | started a theoretical model of more accurate trajectory.



Perspectives

CLPU
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Wavelengths

Measurement of the bunch length
starting from the analysis of the
incoherent radiation fluctuations

Spectrometer simulation

Spectrometer measurment

Data analysis



Thanks for the attention



Parameter APS ALS LCLS Betatron Compton
Pulse duration 20-100 ps <1 ps 10-80fs 30-601s 30-601s
Repetition rate 6.5 MHz kHz 120 Hz 1 Hz 1 Hz
Energy range 0.2-40 keV 0.25-9keV 0.5-24keV 1-80 keV 0.1-2 MeV
Bandwidth 2-100% 100% 0.1% 100% 50%
Tunability Variable undulator gap  Limited e-beam energy e-beam energy  e-beam energy
Photons/pulse 10# 107 10" 10% 107
Reproducibility  Excellent Excellent Limited (SASE) Poor Poor

Parameter Betatron Compton

Repetition rate  =30Hz =30 Hz

Energy range 1-150 keV  1-10MeV

Bandwidth 100% <1%

Photons/second  10* 10"

Jitter 1% rms 1 9% rms
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