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Target thickness dependence on proton

Q.L.Dong et al., PRE 68, 026408 (2003)
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A.J.Mackinnon et al., PRL 88, 215006 (2002)
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From an immobile sheath/double layer
to a moving sheath
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From an immobile sheath/double layer
to a moving sheath

.- * Long acceleration distance

* High peak energy
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Acceleration by a Collisionless
Electrostatic Shock Wave
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" nergy gain in moving double
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TNSA > RPA (CESA,
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Target Normal Sheath Acceleration (TNSA) Collisionless Electrostatic Shock Acceleration
H. Schwoerer et al., Nature 439, 2006(445) M. Chen et al., Phys.(ﬁmg 14, 2007(053102)
B. M. Hegelich et al., Nature 439, 2006(441) L.O.Silva et al., Phys.Rev.Lett. 92,015002 (2004)
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Wakefield Acceleration of protons

Target with mixed ions, low trapping
protons, 100% energy spread.

B.-F. Shen et al., Phys. f‘.
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RPA+Laser wakefield acceleration

L.L. Yu et al., submitted to NJP

proton-rich foil

CPILP Laser underdense gas
— Z/IA=1/3

€ Protons in the high-density foil can be pre- accelera\fgim X
the GeV level in the RPA regime. %E-.

€ The laser pulse can obviously transmit the overdgns il '
to generate wakeflelds in the underdense plasma P
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One-dimensional PIC simulations
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About 10% of protons are trapped
and accelerated to over 60GeV
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Contributions from longitudinal and transverse fields
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€ Protons gain energy mainly from the wakefield accelerah)&rather than
from the direct laser acceleration in underdense plasma regwd‘ia_ » N
€ The direct coupling of the laser energy to the protons cannr appe
below the proton relativistic threshold intensity ~102 W/cm: |
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Effects of laser duration and underdense plasma density
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Two-dimensional PIC simulations

()
o
P
—n
-]
w
o

P c/GeV
- - ] [y ]
o [%)] o (8]
b
— jury n [\
o W o w
Proton energy (GeV)

o
w

950 760 770 780 1.0 0.5 0.8
z/h. Proton

number (a.u.)

= 50n, lA A

=0.2n ,L=8
a, = ZOO;TL';---.ﬁf’____f* = 8%
i T T
- . . [
P e = = =T =T e iy W e




In the laser intensity range of 102'~102 W/cm? (1D PIC)
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In the laser intensity range of 102'~102 W/cm? (continued)
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C onclusion

0 W eproposed anew scheme of profon acceleration w ith the
com b inafion of RPA and laserw akefield accelerafion using an
ulrainfense CP laserpulse. This schem e isrealized w ith a farget
consisting of a hin overdense profon-rich foil follow ed by a low -
densify gas region behind.

0 By confrolling the areal density of the thin profonfoil and the mfensity
and durafion of the incident laser pulse, asw ell as the underdense
Dlagn a density | fhe pre-accelerated profons can be frapped in fhe
posifive field region and accelerated over along distance fo very high
energ ies.

0 Smulations dan onsirate hat thism echanisn canwork INw ide laser

nfensity range such as 107"~ 107w /m? and the pro ., i
scalesw 1th the square rootof the laser infensity s il
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