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Expected potential
JIHT RAS of laser — plasma acceleration of electrons

Electric field of plasma wave (with phase velocity ~ ¢, A,=2zc/®,):

a= o / n,— plasma wave amplitude; at = 0.3+1.0, n,=1017+-10"8 cm-3:

E, =10 =100 GV/m

maximum of accelerating gradient NLO
in traditional accelerators (RF linac): '
Egp ~10 - 100 MV/m
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Cl?]fﬁ) Physical Restrictions on the Energy of
AT of RAS Accelerated Electrons in Laser-Plasma Accelerators

Maximum length of acceleration:
[ <L, =

Energy gain:

Laser Pulse Diffraction:

2717
Ldiﬁp =T Ly =

for LWFA AW, [MeV] = 960’(/1[[??] P[TW]
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Scheme of one cascade of the laser wake-field accelerator
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JIHT of RAS
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I(z) = lexp(-z/ Lp)

Wakefield generation by guided laser pulses
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Spectral diagnostics of the laser wake fields in capillary tubes

The average product of gradient and length achieved in this experiment
is of the order of 0.4 GV at a pressure of 50 mbar
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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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< HED The wake field of a cylindrical electron bunch
,) o @ @
JIHT of RAS moving with the velocity V(t)

oQ, E#&Db :&[1_Io(p)KI(pb)pb](l_COSg)

n,

wherep<p, =k R, —kL,<¢c<0, k =a, /c

For a wide electron bunch R, >>k1;1 and n <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,L, <1 corresponds to the trailing edge

Loading effect doesn’t influence substantially the maximum

n
o e : k Lb << (Dmax
energy of accelerated electrons under condition d

n,




Gl—fl:‘f An electron motion in the laser and e-bunch
- >
JIHT of RAS Wake ﬁ@ldS

—=—Z(¢+5¢b) [E/mc —Pad— co]f —

(5 Sin)S

whereq=P/mc, 17=0,t, z=k, z

The energy spread at the end of acceleration

AE d d kL |do d° n
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C"@) Optimization of bunch acceleration

AIHT of RAS

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

The minimal energy spread for optimal bunch density:

AE |  , (K
T 7ph 4

mc

N.E. Andreev and S.V. Kuznetsov, IEEE Trans. on Plasma Sci., vol. 36, No.4. pp. 1765-1772, 2008



< THED Computer simulation and comparison
) [d [ J o [J
with analytic predictions

AIHT of RAS

Parameters of laser pulse and electron bunch
elE _
aoz‘ |E; =1.0 yy=0/w,=50 Emj=80mc2 Lb:O.lkp1
mcaw
72000
200 - - - N 80 pr'r =5.0 A 2000
= —e—n_/n,=00 - T AT "
1500 Ty n,/n,=0.015 ” o =
150 " 604 —a—n /n =0035 7 ./o/ 11800 A
ND < P ./ V;
r\l§ E (q\] L ./
= 1001 1000 1 40 { e {1000
3 obtho0cccee®®
< .
50 - 500 0] B 7 4500
/7
/)
0+ — T T ~0 0 T T T T T T T T T T T T T T — 0
00 01 02 03 04 05 06 ,07 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Ll S L,=2ry.k'
|AE | /mc?=1.29 d prep

min

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.

a2 a@exp| 0 (k) |

T, = 1.1(01;1

r,=14.14k '



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
_(0(5”):Einj/mc _[(1_7ph)(Einj/mc _1):| _1/7/ph

is fulfilled in the focusing phase of the wakefield
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N.E. Andreev, S.V. Kuznetsov, et al,
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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

laser pulse dynamics, gas ionization and bunch loading

Results of full scale modeling including
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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

E, =10 MeV L,,=20.=50um 1, =80um I, =12x10"W/cm® P, /P, =0.72
Q,=5pC O, =1, /N2 =25um Tpwnu =33 15 laser energy 4.3 J 1,(0)=10"cm™

En, = 4’”rms<7p,/mc =1mm mrad

N.E. Andreev, S.V. Kuznetsov, B. Cros, V.E. Fortov, G. Maynard and P. Mora, Plasma Phys. Control. Fusion 52 (2010)



Compression ratio

qm% Restrictions on the e-bunch compression
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Initial emmitance and loading effect
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the bunch has acquired an energy of 2.2 GeV with a narrow energy spectrum and low emittance 5.4 mmxmrad
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The total trapped and accelerated number of particles in the bunch is about 25% of the injected electrons

E, =3 MeV L,=20,=47um 7y =37um I, =27x10"W/cm®* P, /P,=035

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

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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T (z = 4.92 cm)

Laser pulse transmission in capillary at broken symmetry
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M.Veysman, N. E. Andreev, K. Cassou, Y. Ayoul, G. Maynard, and B. Cros, J. Opt. Soc. Am. B, V. 27, No. 7 (2010)



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)



<HED Conclusions

JIHT of RAS

e The effective optical diagnostics of the wakefield generated in a
long capillary waveguide is elaborated and tested experimentally

eThe control of the wakefield phase velocity is necessary for an
effective 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 um and sub-pm 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!)
eBroken symmetry of the laser pulse entrance to the waveguide will
prevent regular acceleration
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