Determining the impact of LWFA injection schemes
on electron bunch profiles and peak currents
based on broadband, spectral
CTR diagnostics at single shot
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= Short electron bunches in LWFA

Pulse duration? = Knowledge on longitudinal electron
Micro-structures? bunch structures is key to bright

_ - radiation sources.
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® Self-truncated ionization Injection regime of LWFA
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.Coherent Transition Radiation in a nutshell

surface = Transition radiation (TR) is emitted when a

} f currents relativistic charge passes through an interface
B \C - > D between two dielectric media.
:O \ 6) detector 2 2 .. 2
IB/I, d"We _ remec  B-sin” §
GEJ / relativistic dwdQ T2 (1—,6’2 cOs?2 9)2
electron

= Broadband radiation

c@g = Radiation directional within 1/y-cone

. = TR-beam is radially polarized
A <Lpynen =2 InCoherent

O.€

X
¥

Useful for many (beam) diagnostics

beyond pulse duration measurement
A>Lyynen =2 COherent

Diagnostics for plasma-based electron accelerators

M. C. Downer, R. Zgadzaj, A. Debus, U. Schramm, and M. C. Kaluza
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- Spectral CTR diagnostics:
A gateway to the fs-scale
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Ultra-broadband UV-VIS spectrometer
at single-shot om

3000 300 30 3 0.3
. CTR spectrum Sim: 200 MeV, 20pC,
~'::‘ e —\*1\1\9 fs bunch length, 20 pm dia
T 10" f T : N A
( : 7 time scale 100 fs 10 fs 1fs
— S 10°F 1
—_ charge background electron bunch, il el
-s 10° . bunch pedestal characteristics T ]
e N \ =AY
10° ‘ \ 1
% diffraction-limited completely coherent partially \ incoherent
~ \ , coherent,  \ -
0.1 1 10 100 1000
v [THz]

; ' :' \ - ’ | ._ | | | | | . ._ | | \
SES . 200-900 nm [ = single-shot capability \
I . 59o0ctaves frequency range

[

[

e
4

12000 hm.. ) :' i af | ‘

a2 \

= 200 nm (UV) =12 um (MIR)
high spectral resolution
= high-dynamic range

\ = detection limit ~ 50 fJ of CTR ,

A \ R
e F -
siwl

lnp peam : . . - - . “ ‘\H (I
from TR-foil MIR-array-detector o
‘ = ——
P oncent g VS
~d

Mitglied der Helmholtz-Gemeinschaft
Laser-Plasma Accelerator Workshop 2019 | MedILS, Split, Croatia | May 5t — 10t, 2019 | Dr. Alexander Debus




Photometric calibration
o over the full spectrum for both polarizations

Absolute polarization dependent spectral calibration
over 5.9 octaves needs lots of calibration sources!
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CTR foil target positioning & shielding
close to source for full coherence
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Data analysis
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From the spectral to the time-domain

Typical reconstructed electron bunch profile
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i
Longitudinal bunch profiles at sub-fs resolution

lonization injection Self-injection
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Systematical benchmarks of peak current
In laser-wakefield accelerator experiments

Injection scheme: self-truncated ionization
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& Coherent Optical Transition Radiation (COTR)
iImaging @ UV-NIR

» High-resolution, transverse CTR data aquired at 1mm behind the gas jet

= Observation of annular Point Spread Function
- source size sub microns VlSlt talk Of

— hints at sub-structures Mike Downer

= Coherence observed at various wavelengths Wed, 18:00

—  bunch sub-structures
— sub-fs length

» CTR (Wartski) Interferometry can analyze bunch sub-structure properties (e.g. emittance)
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® Outlook — 3D bunch profile diagnostics

» CTR spectra and images are complementary diagnostics
of longitudinal and transverse electron beam distribution.

= All spectral and imaging measurements
are simultaneously aquired at single shot.

= Qur goal is to combine the analysis diagnose the 3D bunch profile
at um and fs-resolution.

CTR images aquired
at several wavelengths

Reconstructed bunch profile 3D Reconstruction
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Conclusions

= Single-shot, sub-fs resolution, energy independent spectral-
domain bunch profile diagnostics for electron bunches
down to the sub-pC charge scale.

= Enables characterizing longitudinal bunch profiles for different
Laser-wakefield acceleration injection schemes,
such as self-injection, self-truncated ionization injection,... .

» CTR spectraand imaging are complementary techniques,
promising for 3D electron bunch reconstructions.

Self-Truncated lonization injection Self-injection
Typical bunch duration 11fs (rms), 19 fs (FWHM) . Typical bunch duration 3.7fs (rms), 2.9 fs (FWHM)
Typical bunch sub-structure duration 0.6 fs (rms) =  Weak sub-structure with ~0.5 fs (rms) duration
Typical peak current 15 kA . Typical peak current 10 kA
Maximum peak currents of 20kA reproducibly attained
using steep gas profiles and nitrogen doping concentrations of 1.5%. -~
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