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Fig. 1. Schematic diagram of plasma density profile in

one dimension and laser incident direction.
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Fig. 2. (color online) Plasma background electron
velocity vep, and the wake field phase velocity vp at
Tpr = 212.79 fs.
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044102-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 4 (2016) 044102

B 3 (a) 25 HE NI ZI) A6 3 AR R 25 X411
TENH ARSI ALk, ELi R 2 iy S el TRk
FE S 3 A X3k 1, 2 b AH 25 (8] 2 SR TR, SR
FANSAE I, 1A, 2 IR (1450 50 2 B IX R A
AN, TR SFER R X AEFEN. B3 (D) 2K 3 (a)
PR FE X 5 X 3 2 32 492 A0 B 3 1) JR 3 TR, o FEIX
BAE = 190 pm ALZ5 A, BIIXI 2 (& . 7E X 45
28 R, IR RE R K T AR (8] 40 R4 T IR, 5t
REMS 7E X 380 2 SRS L NIk, o 2, 7RG BEIX
BTN BT HEN X3 2 B, AR IS A T
X 45 2 55 5 AR AR FE, (A R E T X IR 2 W 4G
A7 B A L A S R) 2 4G PR, s mT DA X3 2 1
S B TR RR SN, X 2 B SOk R AR
FAEHOAG B FEBR B E Dy O I RB A8 R AR fL I
e R R 51,

Bl 3 Fr s (R AH 25 18] 3 57 223 B I 8] & A2 A2 4k,
IR I 2 A BRI A PRI 0 76 28 P Ao P DX AN Ry N I
ZUFAAL B R A E NI LT, 3E N BE S5 1) X 38 2 B A
REAN ), B AE 2 P A B DX 2B N TR IRF [ 3o
HEN DI 2 I B RE RIS, T A H AN B X 0 2 1) &
BRI AE SRS L.

3 H—f%m e iR

Bt o T R o B DX sl T X3 2 14 A A ) 43 5
I, WS 2.2 WEVE THEAR R O 5 5 5
FAESHL, AR R T Vsim P 3047 7 — 4k
FRALh, DA LA, B s OGO 0.8 pm,
BVE KN 95 um, 28 [E26 KN 0.01 pm. 5
WOLAERE T 500 pm KL, Hi % E 2o = 180 um.

BRGS0, 75 % B0 B X I IV E N H
TR, PRERT R IX EN T, WA B o
TEAA bR - B 25 B) A OIS, 4553 28 v 1 BTk
190 pm Ak (B DX 38 2 6 50) Bf 280 7 R A 2% 1] 4 2
2T R (REZk), 7T LAK W 73k N X350 2 I B 75
DX 45K 2 1R 45 B AR B A7 3R T .

T AR B R R XK A H T O T BA
W, B4 PR, bR R X R T (WD 46 fr B AR
= 186.1 pmAb) K A= i N IR BT (] Ay 0 ik i
B2 2o J5209.8 fs, FEAMLE N2 = 186.3 um,
WL )0.19¢, 522 R T4 R (S WK 2)
e, RABFHAXE2(z = 190 pm &b) i, H
T BRI T DX I 2 85 8 T AR A R, (HR

x =190 um ZAHZEE] 73 LR IR, BT BLRE M [X 45K 2
M5B8 TR AT AR, 13 BURETF A INIE.

1.2 T T T T T T

0.9

0.6 -

ve/c, vp/c

0.3

or COSRIE TSI ETE R
- MZEESRETR

—0.3
1 . 1 . 1

180 . 190 200 210 . 220
z/pm
4 (MFPRZE) BT 1A S R LUz T E N X
150 2 I 2R S 8] 3 S T BR (R Q)

Fig. 4. (color online) Trajectory of the traced electron

1 in phase space, and the lower threshold (dash line)
of the separatrix at the time when the electron enters

the region 2.
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of the separatrix at the time when the electron enters

the region 2.
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Abstract

In laser wake field acceleration, it is relatively easy to achieve and control electron injection by adopting a plasma
density gradient. This scheme of plasma density gradient injection has been studied in recent years both theoretically
and experimentally, but thus far theoretical studies have been done mostly by particle-in-cell simulations. In this paper
the density gradient injection and acceleration of electrons are studied with a newly developed analytic approach. The
energy threshold for electron injection versus plasma density gradient scale length is given. It is shown that in the plasma
density gradient region, the energy threshold of electron injection becomes lower at later times after the driving laser
pusle or when the gradient becomes sharper. Evolution of plasma wave’s phase velocity and motion of the background
electrons in the plasma den sity gradient are worked out in the linear plasma wave regime, i.e. the normalized laser
intensity is ap ~1. The energy, the location, and the timing of the injected electrons are obtained. Separatrices of test
electrons in the gradient region are obtained by Hamiltonian theory. The influence of injection timing in the density
gradient region on the succeeding acceleration in the homogeneous plasma density region is also discussed. It is indicated
that whether the injected electrons may be accelerated efficiently or not in the homogeneous region depends on both the
energy of the electrons and the phase of the plasma wave at the gradient-to-homogeneous turning point. The analytic

results are confirmed by particle-in-cell simulations.

Keywords: electron injection, plasma wave, density gradient
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