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Why laser-driven ion beams?

The energy of conventional accelerator is close to

saturation!

Laser plasma accelerator has rapid development !
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HEDP Group

/HEDP group  prof. Xueging Yan

2 academicians of CAS,

4 scientists (ion / electron / radiation / nuclear phyS|cs )
2 engineers ( laser system / beamline)
2 post-docs

21 graduate students,
5 undergraduate students.
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protons electrons .

thin foil target

e Linear polarized laser irradiates on a micron-thickness target.
 Have achieved 67 MeV protons or 500 MeV Carbon ions.
« large energy spread and low energy transfer rate (~0.1%)

Nature 439, 441 (2006); Nature 439, 445 (2006); POP 18, 056710 (2011)
Awake Meeting at The Wigner Research Centre for Physics, May 5, 2017, Budapest



N The RPA Acceleration
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Phase Stable Acceleration

Laser light pressure:
P _£_3><10‘3Pa
rad T T 1W /em?
= 3 x 10%atm I - 1020 W/sz)
with 10 nm DLC foil~2 pg/cm?:
Praa ~ 10%°m/s* = 0.03 ¢/fs

el
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Phase Stable Acceleration
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Self-organizing nc GeV proton by PSA
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T.Tajima, D.Habs, and X.Q.Yan. Review of Accelerator
Science and Technology, 2(201-228),20009.

RPA Challenge (I): High Laser Intensity

* v/ 200 MeV proton beam
v 1 ~10"M21W/cm”2
v' Contrast>10"10@ps

100_: ————— - mm R 93 MeV@lOAZOW/CmAZ

' / POP 23, 070701 (2016)
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10 - - Henig, et., PRL,103,245003



RPA Challenge(ll) : Contrast of 101°@ps

It is very difficult to satisfy a contrast >101° @10ps,ns and
an intensity of 10°°W/cm? !

ﬂ main pulse

/pedesta]
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1. Amplified Spontaneous Emission
2. Pedestal: 100ps before the main pulse

3. Replica: afew ns



RPA Challenge (111): Instabilities
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Challenge(1V): Short Rise Time iIs Required @
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X.Q.Yanetal.,, PRL 103, 135001 (2009)
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Laser Shaping by a Plasma Lens

Laser pulse propagating in near-critical plasma will synchronously
experience Self-focusing, temporally steepen and prepulse clearing.
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Universal of Plasma Lens
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2-7Plasma lens to generate high quality laser pulsesi?as
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Ultrathin solid target
Plasma Lens



N7 Laser ablated plasma lense

v’ Using additional ablation laser pulse to generate
pre—expanded plsma lense with exponential density

distribution.
. 1/2
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lon acceleration with low contrast laser @

Laser:

1=2*%1018 W/cm?, 10™-6@ 5 ns

w sheath field
2 Gas 40 A ('('(‘l(ﬂ'ati()n field
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Carbon nanotubes as the Plasma lense
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New energy record of fs laser driven 1ons

[ 9 3/30 fs, 600MeV Carbon ions ]
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lonization Dynamics is important

°* It may be accurate to model a pre-
lonized system in proton acceleration
since hydrogen is easy to be ionized.

® For heavy Iions, whose ionization
threshold field is much higher than
hydrogen, ionization plays a critical
role on plasma formation.

E,=5.1x10 11 V/m is the atomic field strength,
U, = 13. 6 eV is the hydrogen ionization potential,
Ui is the reference ionization potential

Z is the ion charge after ionization.
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== Mono-energetic ions produced in the normal =
TNSA experiment
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Including ionization in the simulation, we may reproduces the mono-energetic
bunches!
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Micro-structured target via lonization d_ynamics

1.
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Target parameters
material density
DLC 3.57 g/cm3

thickness
20 nm

Laser parameters

GIST

E(J)

9.6J

| (1020 W/cm?)

4.7

width
40pm

y (pum)
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N CLAPA at PEK

Electron acceleration Neutron acceleration

| S )

CLAPA Laser
Energy: 5J
Duration: <25fs lon acceleration

Wavelength: 800 nm

Contrast : 1019:1 @ 100 ps
10°%:1 @ 20 ps

10%:1 @ 5 ps

30
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200TW Laser System
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=== Current situation™




e

-y

—— e
Y

.:\\“
‘solid-target chamber

solid target’
quadrupole-triplet lens

—
laser {;}9’
/ quadrupole-doublet lens fl_(
5 G LO0E
: : : o 05F
y 3 * s \% l).l);
y _ Energy Selection System Application System S o5t
Collection System / Z 1op
slit Lo
object point o
45° bending magnet ~ 15
object distance back quadrupole-triplet lens 3
‘ \\ Slit % l):;)%—
. ]:D:E H 1/\> g o5t
- Yo m -1.05
1 —L5E
image distance experiment target chamb By

image point X (cm)

Energy :1- 44 MeV energy spread: 0~ 5%, 1076-10”8 particles per bunch.

The beam line will be accomplished in October. CHIN. PHYS.LETT. 34(2017) 054101
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2 Multiple Targets manufacture ability

50nm-10pm,Metal foils 10nm-3 ym plastic foils
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1.6J, 30fs
800nm

Laser: 60TW (on target)

1.8, 30fs
I=8*10"19W/cm”"2

Target: 2.5um Al

Paper submitted to CPL
Awake Meeting

dN/dE(/MeV/sr)

Pinhole

RCF

1E10 |

1E8 |

1E9 |

® RCF layers

TP spectrometer

Energy(MeV)

Deflecting angle(degree)

T T

¢ Deflecting angle

T T T T T
- —=— Divergence angle

/. .

1 1 1 1 1 1 1 1 1 1 1 1

Energy(MeV)

Divergence angle(degree)



Experiment with plastic target

C5H802

Proton cutoff energy measured by TPS(MeV)
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Acceleration based on nm
target without plasma mirror!
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Proton beam with good stability
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Electron acceleration is also in progress

Probe heam ccpa
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N/ Future Plans A

X-ray CCD




Phase-stable acceleration\

N/ Summary
/

Near critical density plasma lens
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Micro-structured target via ionization dynamics

Simulation Result 1

Two-dimensional PIC code EPOCH

1.3

10°

Number (arb. unit)

1.92¢ 10%° 35/300 4 Au+C(2%)+0(2%) 60 m*10e m
24 -
simulation S0 R experiment ™ .
= - — AUt
30 WE 10‘0— —AU+35
— E Au*aﬂ
i w — AU
; =
2
g 103
g 5
8 ]
'.E 4
£ 1(a)
1 I I rrri II 1 T T T T T T T LI B B
1 10 100 3 10 g inMeV 100
Kinetic energy (MeV) Charge number

Mono-energetic ion bunches were observed in the simulation!
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toroidal displacement——
poloidal magnetic field

Ton

Source
deflection deflection
caused by B, caused by B,

g;:,k = Z K E,;,

i i &' caused by E
toroidal displacement—— »_Caused bys=,

poloidal magnetic field
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o= Matching of the ablated laser pulse
best matching too long too short
) Laser Evolution
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Experiments are underway. 10
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S. Zhao, Physics of Plasmas 22, 073106 (2015). ! 0 Erfgrgyff’lgv 01
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Results from experiment
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