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Laser wake field acceleration

‘Bubble’ has strong electric field in the order of GV/cm.
LWFA can accelerate electrons in high acceleration gradient.
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acceleration range

Linear bubble speed is approximated as yy = wq/w,.
For example, assuming 0.8um laser wavelength
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Electron energy scale

Applying the speed of laser local, electron energy is scaled as AE/mc? = 2aqy§/3.
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In the assumption of non-evolving bubble, considering pulse local depletion
The electron energy is
(t) 3t° + Rt + R = 2\/a,
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, which comes to the maximum energy in form of AS/mc? = 2aqy3/3. Lu Phys. Rev. STAB 10 061301 (2007)




Evolving bubble

During laser propagation in plasma, the bubble evolves by expanding its size.

40 T T T T T T T T 20 40 T T T T T T T T 20 40 T T T T T T T
30 - - 30 F - 30 F -
20 F 1B 15 20¢ ‘B 15 20¢ 4 -
— 10 i 7 10 " g 5 10 f : 1
Wl 2 W@ 1 B0 ot £ X L (B of =
= -10- e 4 -10 . - - -10 r J
20 -5 20- "5 20 g g .
-30 - -30 - -30 - B
-40 | 1 | | | | 1 | 0 -40 | | | | 1 | | | 0 -40 | 1 | | | | | |
0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 1.08 1.09 1.1 111 1.12 1.13 1.14 1.15 2.23 2.24 2.25 2.26 2.27 2.28 2.29 2.3
z[mm] z[mm] z[mm]
6 0.1 12 from direct measure
5 10 +
- 0.05
4 gl
=, 3 A
£ =
N 2RF0 , Ar
- . 1-0.05
1g : v 2
, e . @k . |
! 0 1 2 3 4 5
-80 -70 -60 -50 -40 -30 -20 -10 O
§(= z — ct)[um] z[mm]

Can we predict the bubble evolution?
Can we use this bubble evolution for enhancing electron energy?



JoPIC-CYL

PIC simulations are done using in-house cylindrical PIC code (JoPIC-CYL).
The code is developed in similar way of CALDER-CIR.
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JoPIC-CYL
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Bubble field

When a laser pulse evacuates electrons in plasma (creating bubble), an ideal bubble field (fully
evacuating and high wakefield phase velocity close to the light velocity) has form of E, ., = £/2.

From Maxwell equations,
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The bubble field slope does not exceed 0.5, even though the laser intensity is stronger.

k,R Imec
Enor,max — - Ex,max -5 (UpR X Ny
2 2 e




Bubble field generation

Laser pulse energy is transformed to wakefields by consuming laser energy to push electrons.

The laser wave equation is
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where, yo = ko/k, and R is the bubble radius.

Generally speaking, changes in energy loss rate of laser pulse evolves a bubble.
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Laser local depletion

We set a simple model to predict laser loss rate using a constant local depletion speed of laser pulse.

Once local depletion starts, its etching velocity is just dependent on the plasma density.
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Laser deformation criteria
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Well-known fact is v of the leading edge of laser pulse is linear group velocity ~ -1/2y¢

Ina, 1/5
Xo =0 |lnay — 102

a(§) >1

 E———

(1+@)in(lal®) =1

ap
65

9]

G

d¢
0

2
() s+ 0

1/5 . : L
) which determines the depletion criteria.

> =3[ Zas

1
(1+¢)

transferring velocity

:> v(§) = —

1 1

2ys (1 + P)In(lal®)

|l M‘ "‘ll

“‘ ‘HHE

5

0
Slipl

5 10



Prediction on bubble evolution

Bubble radius evolves from 2,/a, to v6a,.
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Electron Injection

Using the injection condition of electron,
we can expect the injected beam size resulted by continuous injections.
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Beam length in bubble is stretched during injection period.
A mount of stretch is shift = vg.,At.

Uback =
40 | : TR
Yback = ol 9.8 Il BB beam length = Al + vgep, (to — t1)
T | =
= 0F I'MM") o BURS
S - 3
20 - & 5 Q
<
-40 . ! ! 2 0
1910 1920 1930 1940

L



Electron Acceleration

Modified electron momentum indicates a possible phase locking.

Equation of motion :
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Electron Acceleration

In normal case, it does not show phase locking phenomenon.
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Enforcement of phase locking

In normal case, it does not show phase locking phenomenon.
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Conclusion

1. Bubble size is related the energy loss rate of laser pulse.

2. Considering laser local depletion, we suggested the function of bubble radius, which
agrees with PIC simulation.

3. Predictions on bubble size, electron injection and longitudinal beam size are compared
with PIC simulation.

4. Modified electron acceleration potentially has phase locking to enhance electron energy.
We couldn't find clues of phase locking in a normal condition, however, the phase
locking effect is possible adding plasma ramp where the maximum bubble radius was

reached.



