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Laser Plasma Acceleration:

the concept & mechanism

1

An intense laser pulse (51.1018W/Cm2) is shot at a gas target

The pulse ionises the gas —> plasma
It then drives a wave in the plasma.

Electrons surf the wave and gain energy over few millimetres

Simulation: the laser pulse (orange) drives a plasma wave (blue) behind it

accelerating gradient RF cavities




Catching the electrons

lonisation injection
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Simulation: a bunch of trapped electrons rides at the back of the wave



PALLAS : Laser-Plasma Injector at lJCLab
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Recent Beams from PALLAS o

(a) Electron Charge

ICT = 29.5 + 7.8 pC (RSD 27 %)
jitter = 15 % misfires (<1 pC) = 0 %
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(b) Electron Peak Energy : . : : : : . .

Epeak = 187.7 + 8.8 MeV (RMS 4.7 %) shots 150-300: 183.4 =+ 5.1 MeV (2.8 % RMS)
jitter = 3.6 % peak in window: 48 % of shots —_—
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Understanding the correlations

Laser & target conditions

(a) Gas target pressure
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(b) Laser pointing (FF03 centroid)
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(c) What correlates with charge? Three 300-shot runs, 13 Feb
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Stable gas target

Pressure in both chambers
held to 0.6 % over 300 shots.

Charge follows the
vacuum.

Laser pointing matters:
Horizontal laser pointing -
correlates with charge.



How to counteract
energy spread?




DIANA : Two Chamber Gas Cell

The injector

On-axis Electron Density Profile
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What about Energy Spread?

Cause 1 : A long injection zone

Long injection zone 1

exit :

Electrons are born where the dopant is:
A long dopant region injects over a long distance.

1 mm earlier — 1 mm more acceleration — more energy
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electron energy
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N, dopak . - ~_~—— __injected at0

-1 0 1 2 spectrum ' Injected at -1 mmrvs 0: one extra millimetre in the -
wave, so more energy.

2 Born earlier, accelerated longer

Short injection zone (dopant localised)

exit :
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accelerating field E;

dQ/dE (normalised)

What about Energy Spread?

Cause 2 : Beam Loading

Too few electrons
charge Q = 0.35 x Qgpt

- = = empty wake ’
e \\ith electrons

electron bunch

The electron beam drives its own wakefield which superimposes that of the laser.

Just right
charge Q =1 x Qopt

electron bunch

position behind the laser -

broad

position behind the laser -

narrow

final electron energy E -

final electron energy E -

Too many electrons
charge Q =1.75 x Qopt

electron bunch

position behind the laser -

broad

final electron energy E -

energy spread Og (rms)

The knob: injected charge

optimal
beam loading

too many @

@ too few

Qopt

Injected charge Q -

2 Qopt



After DIANA :

ROSA and SIMONE localise the dopant

Controlled injection

density

density

DIANA - two-chamber cell

< > N, fades out gradually (~1 mm)

total gas density
N> density (x4)
e N> fraction

ROSA / SIMONE - with outlet

<«—> N, stops at the outlet (~0.1 mm)

outlet

position along the laser axis — laser —

Schematic based on CFD profiles



Towards Higher
Repetition Rates:




Every Shot Leaves a Mark

1 Ablation

gas
The laser erodes the material

2 Heating

Heat is absorbed to the walls

3 Contamination/Debris
° . oo Solid atoms enter the gas and vacuum chambers.
o o0 .o
e wall atoms in the gas Change In geomEtry
e . . —> Change in gas profile

nozzle wall

—> Affect electron beam’s quality and
stability . . . . . .
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Going to Higher Repetition Rates:

Less time to cool down : stronger thermal load to manage

1 Hz 10 Hz 100 Hz

time between shots: 1 s time between shots: 100 ms time between shots: 10 ms time between shots: 1 ms
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- Thank you, to both teams



