29-30, Nov, 2016, Paris

Efficient Ion acceleration from
nanometer targets

X.Q.Yan

State Key Lab of Nuclear Phy and Tech, Institute of Heavy
Ion Physics (IHIP), Peking Univeristy, China

International Centre for Zetta-Exawatt Science and
Technology (IZEST)

*x.van@pku.edu.cn




Outline

1. Motivation of proton/ion acceleration

2. Experiments using state of art CPA laser

2.1 Generation of quasi-mono-energetic ion bunch via
lonization dynamics

2.2 Acceleration of heavy Ion by two layer target (carbon
nanotube +DLC)
3. Generation of proton beam 1n an instability-
free regime by a single-cycle laser pulse

4. Compact LAser Plasma Acceleration
(CLAPA) MOST-project



Motivation

~200MeV proton/400MeV/u Carbon ~GeV proton

SER DRIV

The future is fibre accelerators

Gerard Mourau, Bill Brockleshy, Toshiki Tajima and lens Limpert

Could massive arrays of thousands of fibre lasers be the driving force behind next-generation particle
accelerators? The International Coherent Amplification Network project believes so and is currently
performing a feasibility study.

he challenge of producing the next
Tgm ration of part lerators,

for bath fu nital rescarch at
laboratorkes such as CERN and more erl.c\.l
tasks such as proton therapy and msclear
transmutation, has been take

Ton
beam

ort laser pulses with intensithes in

ess of 107 W em-. At these intensities,
he elextromagnetic fickd drives electrons
into relativistic motion, oper
weful effects ik
tion® and hard X-r
nstrahlung, Compl lon o1 betalron
hon mation becomes reativistic' at
Intensities above 107 W cm-* — an Intensity
regime demonstrated or anticpated with
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Proton scaling
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CE=1- —— ~100%
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A. Einstein, Annalen der Physik 17, 891 (1905)




Sail broken by “violent storm” of laser
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TNSA. RPA and new regime
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M. L. Zhou, et al., Phys. Plasmas 23, 043112 (2016)
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2.1 Generation of quasi-mono-energetic ion bunch via
lonization dynamics

2.2 Acceleration of heavy Ion by two layer target (carbon
nanotube +DLC)
3. Generation of proton beam 1n an instability-
free regime by a single-cycle laser pulse
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L higher intensity and new nanotargets

.él

periments were performed using the CoReLS PW Laser in Korea (Prof. C.

H. Nam). 1.5 PW laser (PULSE) in
Center for Relativistic
Laser Science(IBS),
Korea

)
d

X. Q. Yan C.H. Nam

25fs-30fs,
Double plasma

mirror, 9.2J on
targets for LP,

| = 5.45x1020 W/cm?
2015.03



Carbon Nanotube Foam Diamond Like Carbon
(uniform, 0.1-10 n_, foil (uniform, 800 n_,
thickness :1-100 um) thickness: 3-50nm )
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Contamination of H20, 3-5nm



Ion acceleration experiments

GIST CoReLS Laser parameters

Using double plasma mirror, 33fs and ~40J before PW compressor,
Compressor efficiency : 75%, 9.5-degree incidence angle.

Focus spot: 4.5 um (12.4 pixel) focal spot using F/3 OAP

Energy on targets: LP ~9.5J

Targets: DLC foil (5~20nm) with H,O contamination

DLC H,O
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Ionization dynamics of nm-film (pre-expanded)

DLC H,O Sheath field distribution
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C.Lin et al., (2016)
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Outline

3. Acceleration of heavy Ion by two layer
target (carbon nanotube +DLC)

4. Generation of proton beam 1n an instability-
free regime by a single-cycle laser pulse

5. Compact LAser Plasma Acceleration
(CLAPA) MOST-project
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Outline

2.2 Acceleration of heavy Ion by two layer
‘mrgp‘r (carbon nanotube +DL F\

A UVUI11l 11Q11

3. Generation of proton beam 1n an 1nstability-
free regime by a single-cycle laser pulse

4. Compact LAser Plasma Acceleration
(CLAPA) MOST-project
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Carbon nanotube foam +DLC
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Enhanced Ion acceleration experiments

GIST CoReLS Laser parameters

Using double plasma mirror, 33fs and ~40J before PW compressor,
Compressor efficiency : 75%, 9.5-degree incidence angle.

Energy on targets: LP ~9.5J

Focus spot: 4.5 um (12.4 pixel) focal spot using F/3 OAP
Targets:

Carbon nanotube foam. Thickness : 2 ua/cm2~36 ua/cm?2 l1 0~1 ')nllm\

vnuwv LI 4 ulll, I IIRVINITWWYWY Fs A4 A4 4 Fu A4

Density : 2£0.5 mg/cm? corresponding to 0.25~0.4 nc if fuIIy ionized

DLC foil (5~20nm)

DLC

Carbon Nanotube Foam -

Carbon ions are dominant,
O is neglected
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Experiments were performed using the CoReLS PW Laser

in Korea (Prof.C.H.Nam).

70
1 600 -
60 - :
1 500 -
50 i’ ]
] {' 400 -
40 - .
300

30-:{}

200-

Proton cutoff energy (MeV)
Carbon cutoff energy (MeV)

e

20 A
10: 100 -
0 I ' I 0

0 5 10 15 20 25 30 35 40
CNF thickness (ug/cm?)
linear polarization

By Yan ,Ma, Lin, Schreiber, Zepf, Kim && Nam et al.,

0 5 10 15 20 25 30 35 40
CNF thickness (pg/cm?)

Carbon ions are dominant,

Oxygen is neglected.



Outline

3. Generation of proton beam 1n an instability-
free regime by a single-cycle laser pulse

4. Compact LAser Plasma Acceleration
(CLAPA) MOST-project
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Single Cycle Thin Film Compressor
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Single Cycle Compression of High Energy
Pulse: History
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single cycle pulse 10n acceleration regime
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No instabilities at all!
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TNSA. RPA and our regime
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FEATURES of our regime

With a Gaussian pulse and simple thin planar foil,
the acceleration structure 1s stable, avoid such as
the transverse instabilities (RTI), which was the
bottle neck happened in RPA.

the optimal value of 6/a 1s much smaller (0.1)than
in the traditional value (~0.5), more efficient
acceleration!

a quite short pulse(less than 1 micrometer).

Hundreds-GeV proton beam may be used 1n proton
cancer therapy or ADS.

33



Outline

4. Compact LAser Plasma Acceleration
(CLAPA) MOST-project
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i CLAPA at Peking University

(Compact LAser Plasma Accelerator)
. MOST Grand project: YQ2012030142, ~T0M$

Gamma ray
*Novel light source
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CLAPA is ready!

CLAPA Laser Parameters

Pulse Energy:

P ul s e
Duration:

Wavelength:

Contrast
Ratio:

Cluster-
Y target
...._I._.lChamber

5 J /5Hz
<25fs

800 nm

101°:1 @ 100 ps
10°:1 @ 20 ps

Proton Beam

10%:1 @ 5 ps




E (MeV)

50

48

4.6

42

40

| Experiment Parameters

Laser ~30TW, 251fs, F/3.5 OAP
Target 0.8um, Al

Repetition rate  30s per target

E _ave =4.52MeV
c =0.2MeV



100J Thales laser?
50J TFC one cycle laser?
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