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Expected potential

JIHT RAS of laser — plasma acceleration of electrons

Electric field of plasma wave (with phase velocity ~ ¢, 4 =2xc/w,):

a= dn / ny— plasma wave amplitude; at «=0.3+1.0, n,=1017+-1018 cm-3:

E, =10 =100 GV/m

107

maximum of accelerating gradient

in traditional accelerators (RF linac):
Egp~10-100 MV/m

BEAM ENERGY (MeV)

Exponential growth of “the Livingston 10
curve” began tapering off around 1980
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Parameters and results of some experiments

for standard LWFA scheme
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Scheme of one cascade of the laser wake-field accelerator
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Focusing system

Plasma

\

\

a

\

a
\, |

\

o
o
...élli-“‘
...l.llll““

/

1
1o
1
[}
I.
]

H Input laser 700 mJ

Capillary tube
€ L]
-

Wedge l -
L : .

»
Weds® @ g=t1m

Neutral optical density é L v
4 ¢ Pressure
¢ ’ controller
f=t1m CCD-16bit
=, 1l
1

< | —

A '
f,=+0.5m Imaging IR spectrometer

Spherical mirror
f=+1.5m

CCD-16bit

ultra short laser beam

dielectric capillary tube
spherical mirror

wedge p— 5
{ H. Gas injection

vacuum chamber
window

CCD1

HR NIR spectrometer

B. Cros, et al. Schematic view of the experiment at the Lund Laser Center



(I[-IE% Wakefield generation by guided laser pulses -
~— 1 »spectroscopic diagnostics of the wakefield 41—
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Loading effect in LWFA of short e-bunches

Scheme of short e-bunch injection into LWFA
»Laser and plasma parameters

Parameters of the laser pulse and electron bunch
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The wake field of a cylindrical electron bunch
moving with the velocity V(t)

— 5D, =%[1—Io(p)Kl(pb)pb](l—cosg)

0

wherep<g =k R, —kL <5<0, k,=a,/c

For a wide electron bunch R, >>k|;1 and r <R, k,(R—r)>1
the wake field of electron bunch can be approximated by 1-D distribution :

where (=0 corresponds to the leading front of the bunch,
and ¢ =—K Ly <1 corresponds to the trailing edge

Loading effect doesn’t influence substantially the maximum || N, k L, <<o
energy of accelerated electrons under condition n, " b max




< HED An electron motion in the laser and e-bunch
>
JIHT of RAS wake fields

“b (=)

whereq=P/mc, z=a,t, z=k z

‘ The energy spread at the end of acceleration \
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C"ﬁﬁ) Optimization of bunch acceleration

AIHT of RAS

The energy spread of the bunch has a minimum at the condition:

dp dp KL (d’ dp| n . .
+ (6 —Ginj) =0

d&,; d& 2 |d&° dg

0

The optimal bunch density for a minimum energy spread :

Ny do + KoLy, d°g
fmax B ginj dginj 2 dgriax

The minimal energy spread for optimal bunch density:
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N.E. Andreev and S.V. Kuznetsov, IEEE Trans. on Plasma Sci., vol. 36, No.4. pp. 1765-1772, 2008



(ﬁ]ﬁﬁ) 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 1/kp) laser pulse
the equation for the potential can be linearized with respect to the small parameter |®—1|/(k L, )’

A

a
> | = Vo AJ_T_ N, (&, p0,2)




The acceleration of relativistic electrons of the witness e-beam pulse
in the wakefield

dP 0
=0 - el
dr 0¢ y 0&
dP 0
=20, =L 2ol /s
dr oOp y op
and dg —_ I:)z 1 d P _ Pr
\/1+ P’+P? dz \/1+ P’+P’
where P, P, = {p P } are components of momentum, longitudinal and perpendicular to the axis OZ,

of an accelerating electron normalized to mc, T =t C=E+7
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Computer simulation and comparison

with analytic predictions
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arameters of laser pulse and electron bunch
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in agreement with analytical prediction

Solid lines are analytical prediction; markers are results of numerical modeling
for different bunch densities:

n, /n0 = 0 —circles; 0.3 — triangles; 0.121 — squares.
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e r— New scheme of the Electron Bunch Injection

UT3C
ouBT‘pXH) in Front of the Laser Pulse
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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.//
http://www.nuclear.jp/~icfa/GIENS/workshop papers/giens01.pdf: Giens Workshop Proceedings, June 24 - 29, 2001.



P The bunch length decreases substantially

ATIC —

OMBT PAH in the process of trapping

1-D simulations confirm
simple analytical predictions
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P Energy spread decreases substantially

ATIC —
OMBT PAH at the end of accelerating phase
e 1-D theory
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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
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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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Computer simulation by the code
LAPLAC
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Computer simulation by the code LAPLAC

Results of full scale modeling including
laser pulse dynamics, gas ionization and bunch loading
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< THED Computer simulation by the code
JIHT ofIiK? LAPLAC

Results of full scale modeling including
laser pulse dynamics, gas ionization and bunch loading
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Computer simulation by the code LAPLAC

accelerated electron bunch

the bunch has acquired an energy of 1.4 GeV with a narrow energy spectrum and low emittance 4.8 mm mrad
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The total trapped and accelerated number of particles in the bunch is about 65% of the injected electrons
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‘ Laser plasma electron acceleration experiments - 2009 \
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Wavelength shift (nm) Wave length shift (nm)

Wavelength shift (nm)

Spectral diagnostics of the laser wake fields in capillary tubes

The average product of gradient and length achieved in this experiment
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< IHED Conclusions
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e The control of the wakefield phase velocity is necessary for an
effective electron bunch compression

e The transverse focusing of the bunch, 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 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 bunch charge!)
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