Effects of pulse shape and plasma
density on laser propagation in laser-
driven wakefield accelerators

M.J.V. Streeter’%%* 8, Kneip®, M.S. Bloom®, R.A. Bendoyro®, O. Chekhlov®, A.E. Dangor?,
A. Dopp®, C.J. Hooker?, J. Holloway®, J. Jiang®, N.C. Lopes®*, H. Nakamura®, C.A.J. Palmer!?,
P.P. Rajeev®, J. Schreiber™®, D.R. Symes®, S.P.D. Mangles®, and Z. Najmudin®
' The Cockeroft Institute, Keckwick Lane, Daresbury, WA4 4AD, United Kingdom
* Physics Department, Lancaster University, Lancaster LA1 4YB, United Kingdom
3 John Adams Institute for Accelerator Science, The Blackett Laboratory,

Imperial College London, London, SW7 2AZ, United Kingdom
YGoLP/Instituto de Plasmas e Fusdo Nuclear, Instituto Superior Técnico,

Universidade de Lisboa, Lisboa 1049-001, Portugal
*Central Laser Facility, Rutherford-Appleton Laboratory, Chilton, Ozon, OX11 0QX, United Kingdom
“ High Energy Physics Group, University College London, London WCIE 6BT, United Kingdom
" Fakultdt fiir Physik, Ludwig-Mazimilians- Universitdt Miinchen,

Coulombwall 1, D-85748 Garching, Germany and
® Maz-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1, D-85748 Garching, Germany



Transverse
probing Spectrometer
Laser
diagnostics
Laser
10 J,350 fs, Dipole magnet ~
8o = === —
Gas [T T ] Electron 1
jet spectrometer

Plasma channel

length = 13 mm




Ne [CcM

0.0 0.9 1.8 2.3
-

’ ' :
.

j =

-00 0 50 -50 0 20 -50 0 50 -50 0 50

Time [fs]




L/Lg,
0.0 05 10 15 20 25

10}e ' ' ' "~ a)
R:
s
i ot T oo
0.0 :

3 9 b) W 2 :
= ° Lip = — oyc Depletion length
= 40} R [ Wp
= o © 1
< ° S @ o w02 .
2 d.‘-'.‘v: o= Lq ~ — N Dephasing length
O D

0 L : : : : .
= 400 [ ' ' ' ) L0 ?.5
% o: EIIEE{‘ g
é 200 | 9.4 ® q’ 0.5 E
= @ o
< £
o o g

0 —o—o—o—-oi ° tv 0.0 &

0 1 2 3 4'1 ' Decker, C. D. et al. Physics of Plasmas, 3(5) (1996).
ne [x101% cm ™3] Lu, W., et al. Physical Review STAB 10(6), 1-12 (2007).



Pulse front etching model:
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Lower limit on redshifted photons that drift back faster than the etching velocity:

vg(1) = v4(0) — Vetcn
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