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Laser driven wakefield acceleration of
electrons

® Self-injection

® Narrow energy spread ~ GeV beams (Mangles et al. 2004, Geddes et al. 2004, Faure et
al. 2004)

® Unreliable beams - due to injection process or acceleration itself?

® Controlled injection

® Down-ramp injection (Gonsalves et al. 201 |), ionisation injection (Pak et al. 2010),
colliding pulse injection (Lundh et al. 201 1)

® External-injection
® Continuous beams (Dewa et al. 1998, Dorchies et al. 1999)

® Short’ electron bunches ——> REGAE
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Laser driven wakefield acceleration of
electrons

position = min

® Self-injection

® Narrow energy spread ~ C
al. 2004)

plasma density n/ng

® Unreliable beams - due to |

-
—
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® Controlled injection position ky, 2 Courtesy of T. Mehrling

® Down-ramp injection (Gonsalves et al. 201 1), ionisation injection (Pak et al. 2010),
colliding pulse injection (Lundh et al. 201 1)

® External-injection
® Continuous beams (Dewa et al. 1998, Dorchies et al. 1999)

® Short’ electron bunches ——> REGAE
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REGAE

® Relativistic Electron Gun for Atomic Exploration

® FElectron diffraction experiments - Prof. Dwayne Miller

~ magnetic lens intensity

il B 1 pattern

Courtesy of D. Miller

m
a1 Universitait Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG



REGAE

® Relativistic Electron Gun for Atomic Exploration

® FElectron diffraction experiments - Prof. Dwayne Miller

® Compact electron gun:

® photocathode, buncher cavity, ...

Sample
chamber

: : Buncher L] Magnetic : Photo-
[}lagnustlcsH cavity lenses HHF cawtyH cathode

Visible or IR

light pulse

_

Synchronization I

266 nm

800 nm

‘ Ti:sapphire Compressor

laser

Courtesy of D. Miller
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REGAE

® Relativistic Electron Gun for Atomic Exploration

® FElectron diffraction experiments - Prof. Dwayne Miller

® Compact electron gun:

® photocathode, buncher cavity, ...

Characteristics: \ _
Sample W . nnsticsH Buncher MagnetchHF cavity Photo-
E — 5 Mev chamber g cavity lenses cathode
AE = 33 keV
stron
= 14 fS RMS Visible or IR

light pulse

Synchronization I

266 nm

€, = 0.3 mm mrad

Otrans = 8.5 pm RMS

800 nm

Q=1pC ) ‘ Ti:sapphire
laser
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REGAE

® Relativistic Electron Gun for Atomic Exploration

® FElectron diffraction experiments - Prof. Dwayne Miller

® Compact electron gun:

® photocathode, buncher cavity, ...

Characteristics: \ _
Sample W . nnsticsH Buncher | Magnetic H RF cavity Photo-
E — 5 Mev chamber g cavity lenses cathode
AFE = 33 keV

Visible or IR

light pulse

(7 =14 fs RMS |

€, = 0.3 mm mrad

(atmns = 8.5 um RMS]

Synchronization I

266 nm

800 nm

Q=1pC ) ‘ Ti:sapphire
— laser
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200 TWV laser

® 200TW laser characteristics:
® Ti:sapphire CPA system:5 ] in 25 fs.

® synchronised to within 10s fs of REGAE beam.

® Quasi-linear regime with ag ~ 1 to avoid self-injection.
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Target

® (Gas cell/Capillary discharge waveguides

® Larger wakefield than REGAE electron bunch size — n, ~ 1 x 10'7 cm™3

Spence and Hooker, Phys. Rev. E, 63,015401 (R)
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Target

® (Gas cell/Capillary discharge waveguides

3

® Larger wakefield than REGAE electron bunch size —» n, ~ 1 x 107 ¢cm™
® In-house laser machining of sapphire capillaries.

® Freedom to produce custom density profiles.

Microscope images of half-capillary

with diameter:100 pm -
Transverse e

view
Longitudinal view

i

Spence and Hooker, Phys. Rev. E, 63,015401 (R)
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Target

® (Gas cell/Capillary discharge waveguides

Confirmed Raman signal at
e densities as low
as n, =5 x 101" em 3.
® Raman signal

1ase|

. '[ eJoWe)d

camera

Plasma cell

Weineisen et al., Phys. Rev. ST Accel. Beams, 14,050705 (201 1)

Spence and Hooker, Phys. Rev. E, 63,015401 (R)
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Current setup

Sample chamber Detector for

REGAE . :
/_\ electron diffraction pattern
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Modified setup

Interaction
chamber
REGAE  Mirror Detector for
with hole electron diffraction pattern
® Plasma diagnostics:
® Density measurement
cus.tom ® Faraday rotation
capillary

: . ® Thomson side scatter
Laser in Parabolic

mirror :
® Transverse probing
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REGAE Mirror
with hole

Modified setup

Large diagnostic table

Laser in Parabolic
mirror

Interaction , ,
Post-interaction
chamber ,
laser collection
and diagnosis
Detector for
e/M@itron diffraction pattern
® Laser diagnostics:
custom ® Transmitted power
capillary

® Transmitted spectrum

® Autocorrelation
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REGAE Mirror
with hole

Modified setup

Large diagnostic table

Interaction

Post-interaction
chamber

laser collection
and diagnosis

Laser in Parabolic
mirror

custom
capillary
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Modified setup

Large diagnostic table Beam dump

Inteigeso Post-interaction
chamber Detector for

laser collection low energy
and diagnosis
electrons

REGAE Mirror
with hole

spectrometer  Detector for
OTR/ high energy
Profile electrons

measurement

I T Electron \

custom
capillary

Laser in Parabolic
mirror
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Modified setup

| e

® FElectron beam diagnostics:

~gnostic table Beam dump

dst-interaction
ser collection
nd diagnosis

Detector for
low energy
electrons

® OTR spectrum, beam profile

® Energy spectrum

R_ ® Emittance

— ® Bunch duration

Electron \

T spectrometer  Detector for

\ 1 OTR/ high energy
cus.tom Profile electrons
capillary

measurement

Laser in Parabolic
mirror
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Experiments

Currently a dedicated theory "y
team is working closely with
IST on OSIRIS PIC
simulations identifying
botentially interesting
avenues for experimental

investigation.

® Mapping fields of the wake

O =,

® Emittance evolution

|2

uoneinwis (Dld) l1eo-ur-sfoied gg

A\

® Bunch compression

® |aser-only beamline
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Experiments

® Mapping fields of the wake
® Emittance evolution
® Bunch compression

® |aser-only beamline
® Controlled injection

® Light-source development

Currently a dedicated theory
team is working closely with
IST on OSIRIS PIC
simulations identifying
botentially interesting
avenues for experimental
investigation.

osiris
v2.0

O =,

|2

uoneinwis (Dld) l1eo-ur-sfoied gg

A\
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Summary

® External injection of short electron bunches into preformed wake.
® Unique facility:

e REGAE: I pC,5 MeV, 14 fs.
> Synchronised

 200TW laser:5 J,25 fs pulse.

® Deeper understanding of electron acceleration in a wakefield
® Mapping wake, emittance evolution, bunch compression ...
® Controlled injection.

® Light source development.
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Thank you for listening.
Merry Christmas!
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