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e (Characterize laser-driven electron acceleration:

e physics underlying the acceleration process:
~Laser-Wakefield Acceleration"

e parameters of the electron pulses:
energy spectrum, pulse duration

e study electron acceleration ,in-situ™:
visualize the bunch formation
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e Interaction of a high-intensity laser pulse with plasma
= generation of a plasma wave via its ponderomotive force
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e Interaction of a high-intensity laser pulse with plasma
— generation of a plasma wave via its ponderomotive force

\ Electric field -E
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Image courtesy of A.G.R. Thomas

* Plasma wave (Vonplasma = VYgriaser) = Modulation of 7, with
respect to ion background,

— Very strong local charge separation,

— Very strong longitudinal E-field (~ 0.1...1 TV/m)
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e When plasma wave breaks, it forms a “bubble-like” plasma cavity

e Electrons are injected into the bubble and are accelerated to
relativistic energies exhibiting quasi-monoenergetic spectra
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A. Pukhov and J. Meyer-ter-Vehn, APB (2002)

e First experimental verification: S.P.D. Mangles et g/, J. Faure et al,,
C.G.R. Geddes et al,, Nature (2004)
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electron

beam to magnetic

spectrometer

main laser pulse

gas jet
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* Previous experiments in Lund, e Recent experiment with JETI,

Sweden in 2005/06 (tr,=30fs, £=800 m], gas-jet
(1, =32 fs, £=600 mJ): optimized, gas dependence):
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S. P. D. Mangles, A. G. R. Thomas, MCK et al,, A. Savert, M. Nicolai, M. Schnell, MCK et a/,,
Phys. Rev. Lett. 96, 215001 (2006) under preparation (2011)
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K. Schmid et al, Phys. Rev. Lett. 102,
124801 (2009)
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electron
beam

probe pulse _

shgdowgram

main laser pulse f/2 lens

gas jet
LWS-20 laser parameters:
Elaser = 80 mJ, Tlaser = 8.5 fS,
f/6 OAP, I ... = 6x1018 W/cm?

probe pulse:
Tprobe = 8:5 1S, Apope = 800 NM
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e Transverse probing of B-fields in underdense plasma with
linearly-polarized probe pulse:

if k.| B = B-field induced difference of n for circularly-
polarized probe components

= rotation of probe polarization: b[t Y7
¢r0t _ J‘ B( ) IOro e I P4 v/
Zmec Ny probe probe | '
v
— measure ¢,,, to get signature of A
B-fields! I R
J. Stamper et a/. Phys. Rev. Lett. (1975) k probe
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magnetic electron
fields  beam

probe pulse .
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polarogram 1

main laser pulse

gas jet polarizer 1
LWS-20 laser parameters: beam  splitter

E|aser — 65 mJ, Tlaser — 8.5 fS,
£/6 OAP, I,._.. ~ 6x1018 W/cm?

probe pulse:
Tprobe = 8.9 fS, Apope = 800 NM

polarizer 2\
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Two polarograms from two (almost) crossed polarizers:

polarogram 1 polarogram 2

poll — Io[l ﬁlSIn (900 poll _¢rot)] Ipol2 = Io[l_ﬁz SinZ(goo pol 2 ¢rot)]
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Two polarograms from two (almost) crossed polarizers:

Lo (X, Y) /12 (X, Y)
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Two polarograms from two (almost) crossed polarizers:

Electron bunch length:
AZ =4 um = At = 13 S = Atgeconvolved = (612) fs
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= movie of e-bunch
formation

e Observe electron
acceleration on-line!
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e Measurement of B-field distributions during laser-driven electron
acceleration in underdense plasma using Faraday-effect

e Highly localized B-field structures:
Veruee ™ Vagroup,Ls ClOSElY following main pulse
Tarut  ~ (612) fs

e Signature of electron bunch,
visualization of the electron acceleration process,

e Direct time-resolved observation evolution of the plasma wave and
its evolution

e Reduction of plasma wave amplitude observed after injection

e Position of the accelerated electron bunch within the first period of
the plasma wave

A. Buck, M. Nicolai, A. Savert, MCK et a/,, Nature Physics 7, 543 (2011)
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