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Shen, Pukhov, Qiao https://arxiv.org/abs/2009.04279

« Known regimes of ion acceleration
TNSA, collisionless shock, RPA (and combinations)

« Importance of bunching accelerating field

* Novel ion acceleration regime (/laser plasma peeler)
Laser parallel to a microplate (tape)

- Monoenergetic high energy proton acceleration
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Ion acceleration from solid targets Unverset sl

A.Pukhov, Phys. Rev. Lett. 86, p.3562 (2001).

Laser: 1=101° W/em? cold electrons

focal spot diameter 12 um
duration 150 fs

TNSA

Laser pulse
hot electrons

ponderomotive Debye
push sheath
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Ion acceleration from solid targets th
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B a S i C reg i m es Universitat Disseldorf [

1. TNSA (P. Mora 2003): Exponential energy spectra

AN /dE = (n;yct/2EEy) exp(—+/2E/Ep)

2. Collisionless shock (Denavit 1992, Silva 2004, Boella 2018)
Quasi-monoenergetic spectra possible for tailored plasma densities
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Ion aCCEIeration from thin foils Universitat Diisseldorf [

3. RPA aka Light Sail aka Laser Piston
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Esirkepov 2004
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Transverse instability

of Light Sail (RPA, Laser Piston)

Wan et al 2020

The target is fast heated
and destroyed
by transverse instabilities

hhu
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Universitat Disseldorf .

y [c /W]

0 |FFT(n/n/)| [arb.units] 1
T

-5 : - ;
~ 2 2 -
Y XA/ Vei + Vi klogg O
and the wave number of the fastest growing mode 10 !
.
k%m + k%m = 2Kw%)e/v(2ucs _; ot §
8, s
where the terms = linear  nonlinea o~
%. stage stage %
Vei = 2( )3 (km, /m;) VO, ¢ N
10°¢ e 0o
YRt & ( K/ 20,0,/ v 20 60 20 100 160
RT inWpe/ Vosc ’ Time [1/%] Time [1/w0]
11.09.2020 pukhov@tpl.hhu.de 6



hhu

Heinrich Heine

Bunching E-field in 1D Light Sail

Bunching field

(Phase Stable Acceleration) s sl
|
Yan et al 2008 Veksler 1944
Compressed _
b) A electron layer W NN
Electron depletion / LA w
- / RN
region / N\
n = == == \
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n ’v" x\,\ /
Laser 5 \ ) /
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Synchrotron principle
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TNSA: no bunching field uersie Dissclder” 1

]
Mora 2003

Constant self-similar field: E = kgT,/ec;t = Ey/w ,;t,
Edge of protons
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The novel mechanism:
Monoenergetic Ion Acceleration th
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by a Laser Pa ra"el to a Microplate Universitat Disseldorf [

Shen, Pukhov, Qiao https://arxiv.org/abs/2009.04279
|

Laser-Plasma Peeler

Laser:

a,=19,

r=7.5A, 7, = 45fs
(50 J energy)

bunching E,

Plate (x,y,2):
43.75Ax0.75Ax45A
n.=30n,

CH layer
thickness: 0.4A,
C:H=11

protons
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Laser Quasi-Resonance with hhu
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Surface Plasma Wave (SPW) niversat Dot

Efficient conversion from Laser to SPW
at the plate front edge

0

Dephasing length between laser and SPW L., ~ 30 um
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Comparison hhu
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With graZing angle inCidence Universitit Disseldorf [

| Efficient conversion from Laser to SPW
ph | at the plate front edge

Laser in vacuum

08
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Dephasing length between laser and SPW L., ~ 30 um
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Strong Surface Plasma Wave excited
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II5

Ex(t=6To)
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The field strength of SPW can reach 2x1013V/m.
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Abundant electrons are peeled off
and accelerated by DLA and SPW

hhu
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Electron Density (t=6T0)
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Peeled away electrons hhu
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are focused behind the plate by B, Universat Diseldo

Electron Density (t=50To)
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The space charge of electrons behind the plate can
reach 50nC, far larger than that of protons (2.7nC).
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Peeled away electrons hhu
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are focused behind the plate by B, Universat Diseldo
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Peeling away of large-charge,

- Helnricl:l Heine
high-energy electron bunches st st
-
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Peeling away of large-charge, hhu
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h ig h-energy eIeCtron bu nChes Universitit Disseldorf [

Phase Space of Electrons (t=6TO0)
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Energy SpeCtrum Of eIeCtrons Universitat Diisseldorf [

Shen, Pukhov, Qiao https://arxiv.org/abs/2009.04279
|

The effective temperature T =36 MeV is far larger
than the ponderomotive scaling (6.4 MeV)

0 100 200
Ek [MeV]
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Protons longitudinal bunching hhu
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and transverse collimation st Bisetiond

Shen, Pukhov, Qiao https://arxiv.org/abs/2009.04279
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Lines in (d) represent the trajectories of protons.
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High energy protons hhu
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Proton Density (t=54T0) Proton Density (t=54T0)
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Distribution Of protons in 3D Space UniversitétDUsseIdorf.
|
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BunChing in prOton phase Space Universitat Diisseldorf [

Shen, Pukhov, Qiao https://arxiv.org/abs/2009.04279
|

Bunching
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Proton phase space is compressed continuously
by the longitudinal electric field.
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Monoenergetic proton beams
with 1% level energy spread
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A high-energy quasi-monoenergetic proton beam, with peak energy >100MeV,
energy spread about 1.17% and particle number 8x102 (0.13nC) is obtained.
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Scaling law

Shen, Pukhov,
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Qiao https://arxiv.org/abs/2009.04279
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Proton energy spectra
with laser pulse energy 23]
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Quasi-monoenergetic proton beams with peak energy ~80MeV, energy spread
about 2~4% and particle number 2x108 (0.033nC) can be obtained.

11.09.2020 pukhov@tpl.hhu.de

25



2D simulations hhu
with realistic plasma density
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Theoretician’s suggestion th
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for an experimental configuration Univrsiet Disseldorf )

Laser-Plasma Peeler
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S u m m a ry Universitdt Disseldorf [

Shen, Pukhov, Qiao https://arxiv.org/abs/2009.04279
|

[0 Laser is in quasi-resonance with SPW
when incident parallel to a microplate

O Efficient electron peeling and acceleration
along the plasma surface

[0 Huge space charge of peeled away electrons
forms bunching electron field at the rear edge

[0 Monoenergetic high energy proton acceleration
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