Effect of driver charge on wakefield characteristics in a plasma
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. Observation of beam-driven plasma waves
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* pre-ionized: up to 25 cavities, stable wakefield

» self-ionized: quick smearing out of the cavities,
maximum 9 cavities visible

* narrow plasma channel in self-ionized case

. . : » confirmed by simulations
---- Driver dependend wakefield formation -----------smmmmmmmmom oo

- Q/E/6 [pC/MeV/mrad] . . I I I I I I
Experimental data o omEelcmevimradl - Gimlation P,Conwu“ - elongation increases with increasing driver charge
) BN 2 |

(a) & 10 . (B)lo before PWF -’ 171 —+¢+ np=3.0-10"%cm™>
% po v A 5 =M 0 S EN . 0.8 _ . ~+*+ n,=5.1-10%cm™3 _

Qestimated = 250pC 10 LL| é ® ~10 -8 "<Q 1.57 _"I"_ Np = 6.1 1018cm—3 I

" 10 S > :
. ) 0 _ K _ 5.@&@" PWEA 0.6% Sﬂ LallmT No elongation area : | ;; 1T.= il 11 ] +
£ 2F o - oi 3 % S | FJ#' = — f
.;.‘ SH_N__lol E,,\‘ o8 Qo _813 L; ‘{-TT J‘Lli
N o © /2 04D ©
Qestimated =373 pC I : o == ! : m
o g X TL;.’ g’ 1.2 ﬁ? — ‘
b — L5 > « 16 111 i

‘ T 0 %g 10° = 12 02° i { %
= St 5 O L
X “ 5 W) £ Sos L0

| Qestimated =44?2 pC AR PN R N SR ARG () 10-1 < %|—“5 0.0 . . , 0.0
100 75 50 25 0 25 100 175 250 325 400 100 80 _605[ ;;‘5’ —0 0 O R iy 2% 0.0 | | | | | | | |
z [um] Energy [MeV] H [MeV] 100 150 200 250 300 350 400 450 500

calculated bunch charge Q. (pC)

« observation: first cavity is elongated with respect the nominal plasma wavelength

* elongation increases with decreasing remaining energy which is coupled to the initial charge via beamloading in the LWFA stage

» consistent over various plasma densities: clear correlation between elongation of the first cavity and initial charge of the driver beam
« simulations confirm the charge dependend elongation

* elongation changes during propagation through the target as the driver charge decreases (due to deceleration) = depletion
measurement possible
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 LWFA beam is strong enough to fully ionize Hydrogen and first level of Helium plus partially He+ | s
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 Ultrafast optical probing technique provides a new insight revealing subtle details of the generated e R e e

plasma wave structure and its dynamics and is a powerful tool to assist spatio-temporal problems in
advanced injection schemes.
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