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Laser plasma accelerator based concept
for a Laser Plasma Linear Collider

= |njector techniques
= Staging techniques
= Bunch properties

= 10 GeV module

= Collisions, synchrotron losses, efflc:lency .
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C.B. Schroeder et al., AAC Proceedings 2008: Leemans & Esarey, Physics Today, March 2009 W. Leemans



Normalized laser pulse intensity

and wakefield potential
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Laser-Plasma Acceleration of electrons
—— with gradients ~ 10 GV/m

Linear & blowout regimes: e+/e- acceleration

= Blowout regime
allficld = high field

= very asymmetric
= focuses e-
= defocuses e+

a density

= Quasilinear

dverse field® linear: symmetric e+/e-

= high a0 desired for gradient
= too high enters bubble:
= a,~1-2 good compromise
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Scheme of one cascade of the laser wake-field accelerator

Focusing system

Accelerated electrons
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The product of gradient and length achieved in this experiment
is 0.4 GV at a pressure of 50 mbar @ 0.12 J, 51 fs
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Energy spread in LWFA of short e-bunches

Electron bunch injection into LWFA at the maximum of accelerating field

Parameters of the laser pulse and electron bunch
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Farameters of laser pulse and electron bunch
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Bunch loading effect: simulation and
comparison with analytic predictions




T —" Electron Bunch Injection
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Long low-energy electron bunch will be trapped and compressed in the wakefield

N.E Andreev., S.V. Kuznezov. Electron Bunch Compression in Laser Wakefield Acceleration.//
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Electron Bunch Injection in Front of the Laser Pulse

trapping and compression

bunch injected in front of the laser pulse can be trapped and compressed in the wake field, if the condition
1/2
2 -2 2 2 4
_(D(é:”):Einj/mc _|:(1_7/ph)(Einj/m ¢ _1):| _1/7/ph

is fulfilled in the focusing phase of the wakefield
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Electron Bunch Injection in Front of the Laser Pulse

energy spread at the end of acceleration
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C‘ﬁ;) Averaged Equation for the Laser Pulse Envelope
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For the slowly varying (on the time and spatial scales @,! and k,"'= c/@,)
complex amplitude of the laser field E,;: E = Re{EO expl—im,t + ikoz]}

in the dimensionless commoving with the laser pulse variables
c-k (- cl) L=0 p=k,r,

where a = eE /(MC®,) is dimensionless laser envelope, V =7 / N0 is the normalized electron density, K= @,/C



< HED Computer simulation by the code
JIHT of RAS) LAPLAC

full scale modeling including
laser pulse dynamics, gas ionization and bunch loading
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N.E. Andreev and S.V. Kuznetsov, IEEE Trans. on Plasma Sci., vol. 36, No.4. pp. 1765-1772, 2008

N.E. Andreev, Y. Nishida, and N. Yugami. Physical Review E, vol. 65, pp. 056407-1 — 056407-10, 2002



C"ﬂé§> Nonlinear plasma response — Effective Potential
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The nonlinear relativistic plasma response can be expressed through a single scalar function (potential) @ :

For a wide (in comparison with the plasma skin depth l/kp) laser pulse
the equation for the potential can be linearized with respect to the small parameter |®-1|/(k,L,)’




Basic Model Equations: electron beam dynamics
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) Restrictions on the e-bunch compression

Initial emmitance and loading effect
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‘ accelerated electron bunch externally injected in front of the laser pulse \

the bunch has acquired an energy of 2.2 GeV with a narrow energy spectrum and low emittance 5.4 mm X mrad
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The total trapped and accelerated number of particles in the bunch is about 25% of the injected electrons = 2.5 pC

E, =3 MeV L,=20,=47um ry=37um I, =2.7x10*W/cm* P, /P, =035

Q=10 pC Rpo=45um Tewiu = 3115 laser energy 2.25J  n,(0)=1.1x10"cm™

L,= R,=0.9 um AE/E = 1%

N.E. Andreev, V.E. Baranov, B. Cros, V.E. Fortov, S.V. Kuznetsov, G. Maynard, P. Mora, NIM A (2011)
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Laser wakefield generation in capillary at broken symmetry

linearly-polarized laser pulse with ry = 40um,

- FWHM duration 135 fs, R, = 60um
’é oo The angle between laser and capillary axis ¢ = 6mrad
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Silicon capillary, Reqp = 51pum, For regular wakefield generation and

ro = 32um, Az, = 0.63um, effective electron acceleration the angle

circular polarization

between laser and capillary axis has to
be less than 1 mrad

Veysman, N. E. Andreev, G. Maynard, and B. Cros, PHYSICAL REVIEW E 86, 066411 (2012)
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N E Andreev, V.E. Baranov, B Cros, G Maynar, P Mora and M. Veysman J. Plasma Physics (2013), vol. 79, pp. 143-152



Propagation of short intense laser pulses in capillaries

» equations for angular harmonics of field components
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Experimental fluence distributions confirm the modelling results

Theory, z=49.5 mm experiment, z=49.5mm

Theory, z=48.5 mm

M. Veysman, N.E. Andreev, K. Cassou, Y. Ayoul, G. Maynard, and B. Cros, JOSA B (2010)



Wakefield generation in capillary at broken symmetry
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eThe control of the wakefield phase velocity (nonlinear laser
dynamics) is necessary for an etfective electron bunch compression

e The transverse focusing of the bunch (lens effect), while it
propagates in plasma before the laser pulse overtakes the bunch, is
important for the decrease of the final bunch emittance

e The effective longitudinal bunch compression in this scheme of
injection (to pm and sub-pum sizes) leads to a small relative energy
spread (of order 1%) at the end of the acceleration stage

e Loading effect can be controlled and used to optimize electron
bunch parameters for low energy spread
(but it limits the bunch charge!)
e Broken symmetry of the laser pulse entrance to the waveguide will
prevent regular acceleration for an angle of incidence > 1 mrad
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