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= POSITRON BEAMS: SETUP
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Laser-driven generation of ultra-relativistic positron beams
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» The largest electron-positron collider ever built was the LEP
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Typical parameters
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Typical parameters
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New collider proposal: International Linear Collider
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" The largest electron-positron collider ever built was the LEP
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New collider proposal: International Linear Collider
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Difficult to generate a neutral electron-positron beam!
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Large-scale, high-energy laser systems

- Direct laser irradiation on solid targets
- Hot electrons propagating through the target
- Pair production in the nuclear field
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. i
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H. Chen et al., Phys. Rev. Lett. 114, 215001 (2015)

E. Liang et al. Sci. Rep. 5,13968 (2015).
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H. Chen et al., Phys. Rev. Lett. 114, 215001 (2015)

E. Liang et al. Sci. Rep. 5,13968 (2015).

Positron injection 1n a stellarator

- Creation of a steady electron plasma
- Injection of positrons

- Short temporal confinement
- Non-relativistic plasma

as feed >
= f\“ bu? el positrens l‘ ] Mt J ] positron pulse
ra - ! ;
positrons from l—\~**'}’ J/]/ : to APEX
NEPOMUC | M [—> L N = L
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b to pump

T.S. Pedersen et al., New J. Phys. 14, 035010 (2012)

Granluca Sarn

Shde 4/11




pr VI o . .
M Queen’s Universi
/

[\l Belfast
T

’/

Wake-field based

positron generator

Laser-driven generation of ultra-relatiistic positron beams Guanluca Sarn
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‘Ml Laser-wakefield electrons to trigger the cascade in a solid

" Accelerating
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o Laser-wakefield electrons to trigger the cascade in a solid

v" Divergence: 1-5 mrad (from solid: ~ 20 degrees)
¢ v Duration: ~ 10 s (from solid: 1 — 10 ps)
v Energy: 100s of MeV (from solid: 10s of MeV)
v" Laser energy: ~1-10] (from solid: ~k])

v Possibility of generating neutral e'/e* beams in situ!

" Accetersting
o electron beam
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3.3cm

General setup EPSRC
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Laser

Gasjet
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v" Divergence: 1-5 mrad (from solid: ~ 20 degrees)

v" Duration: ~ 10 fs (from solid: 1 — 10 ps)

v" Energy: 100s of MeV (from solid: 10s of MeV)

v" Laser energy: ~1-10] (from solid: ~k])

v Possibility of generating neutral e'/e* beams in situ!

Iron Magnet Yoke

Plastic

Plastic

Iron

G. Sarri et al., Phys. Rev. Lett. 110, 255002 (2013)
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7 Accelerating
electron beam
P r— v T

7 v Divergence: 1-5 mrad (from solid: ~ 20 degrees)

| ¢ v Duration: ~ 10 fs (from solid: 1 — 10 ps)

[ " v Energy: 100s of MeV (from solid: 10s of MeV)

v" Laser energy: ~1-10] (from solid: ~k])

v Possibility of generating neutral e'/e* beams in situ!
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Iron Magnet Yoke G. Sarri et al., Phys. Rev. Lett. 110, 255002 (2013)
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Experiment
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Initial electron beam EPSRC

Gas

Solid target

E.- (GeV)

G. Sarrietal.,
Nature Communications
6, 6747 (2015)
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Solid target
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Solid target
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G. Sarri et al., PPCF accepted (2016)
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Thin CH to give sharp
cut-off for gas 3 mm
interaction region S —
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G. Sarri et al., PPCF accepted (2016).
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Thin CH to give sharp
cut-off for gas

3 mm
interaction region -
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v" Smooth profile after subtraction of y-ray signal.
v" Stable over a significant number of shots

v" Consistent with an average Lorentz factor of 17

G. Sarri et al., PPCF accepted (2016).
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G. Sarri et al., PPCF accepted (2016).
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G. Sarri et al., unpublished (2016).
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» High — energy positron beam in a
compact setup
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» High — energy positron beam in a
compact setup
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» Small divergence and source size
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» High — energy positron beam in a » Short duration
compact setup
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» High — energy positron beam in a » Short duration
compact setup
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» Small divergence and source size » Luminosity and emittance
- beam duration: ~ 100 fs (E > 10 MeV)
- positron current: ~ 0.8 kA

100,

- emittance at 90 MeV: ~ (2.5£0.6) & mm mrad
(enuttance in the LEP imjector ~ 5.5 7t mm mrad)

- luminosity @ 10 Hz: ~ 10** cm? !
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Neutral electron-positron beam dynamics




