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A TWO-STAGE SCHEME FOR BETATRON EMISSION

 One stage acceleration: impossible to both optimize electron energy and
density.

===  Compromize has to be found in the experiment

« Our proposition: Decouple electron acceleration and X-ray emission in two
different stages.
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A TWO-STAGE SCHEME FOR BETATRON EMISSION

 One stage acceleration: impossible to both optimize electron energy and
density.

===  Compromize has to be found in the experiment

« Our proposition: Decouple electron acceleration and X-ray emission in two
different stages.

« 2nd stage: high density
=== laser depletion: [, o 1/n,

=== High energy laser?
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Plasma wakefield regime
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A TWO-STAGE SCHEME FOR BETATRON EMISSION

0.5 PW APOLLON

3.3 mm-long, high-density plasma

15J, 30 fs P = 1.1x102%°cm3
laser pulse
P mm) Electron Beam-driven Plasma Radiator
St
1 STAGE / Weakened
2nd electron beam
'w‘" il D
Sy
) LWFA
PWFA
15 mm-long, low-density plasma
ne=1.75x10%cm™ MeV betatron
mm) Laser-driven Plasma Accelerator :-Ilgth-ensrgy source
electron beam

« 1ststage: low density, electron acceleration
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15T STAGE: LWFA WITH A 0.5 PW LASER

15t stage: Laser wakefield acceleration of electrons PARAMETERS
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15T STAGE: LASER DEPLETION AND TRANSITION

TO PLASMA WAKEFIELD

15t stage: Laser wakefield acceleration of electrons PARAMETERS
(CALDER-Circ, ~ 1.5 cm) Eo =151 W =23 um
=== Scaling laws of the blowout regime 70 =30 fs ap =6
¥ 1st stage

18 -3
1.5 cm: depletion of the laser pulse ne = 1.75 x 10™ cm

Slow transition toward plasma wakefield regimes

45 7 ww_]“:p. V 2 3
40F ‘ 1 M6 M2.7
35+ ‘ | 12 B24 12
30k 0.8 2.1 10F
E 25k 0.4 1.8 8-
2 ool ° - S 6
~ ’ 0.4 | 1.2
15r }\p~50 um 1 1 4-0.8 | 0.9 4
10+ < > 112 o6 ar .
5 1Re| p3 0 5 10 i5 20
g ‘,\hvu-..d I L 9 0
%54 656 658 6.60 6.62 z (mm)

Z[mm]
| PAGE 11



2NP STAGE: GENERATION OF A PLASMA

WAKEFIELD
15t stage: Laser wakefield acceleration of electrons PARAMETERS
(CALDER-Circ, ~ 1.5 cm) Eo =151 W =23 um
=== Scaling laws of the blowout regime 7o =30 fs ap =6
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PLASMA WAKEFIELD: PHASE SPACE MODULATION

AND INCREASE OF THE TRANSVERSE MOTION
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MEV-BETATRON SOURCE GENERATED IN THE

PLASMA WAKEFIELD STAGE
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BETATRON SOURCE: 1 STAGE SCHEME VS 2

STAGES SCHEME

PWF
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« Comparison with a reference case: Setup | 1 stage | 2 stages

- single stage Ec 240 keV | 9 MeV
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CONCLUSION

* Improvement of the betatron source energy
=== Emission in the multi-MeV domain with sub-PW class lasers

=== New applications for betatron sources (gammagraphy...)

» No additionnal source of energy in the beam-driven stage

=== Increase of the betatron source efficiency

* Requirements : high current and small transverse size.
=== Laser power must be high enough

=== Lower efficiency for low-energy laser systems
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MOTIVATIONS: HOW TO IMPROVE THE BETATRON

SOURCE
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MOTIVATIONS: HOW TO IMPROVE THE BETATRON

SOURCE
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« Medical applications (radiography
for cancer detection)

- Thicker tissues
- Shorter time exposure

- Higher photon energy
- Higher number of photons
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