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‘%> Why and What is laser acceleration?

Particle energy: From eV->MeV->GeV - TeV...

LHC, 2008
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2> Laser Electron Accelerator

John M Dawson (1930-2001) Toshiki Tajima

VoLumE 43, NUMBER 4 PHYSICAL REVIEW LETTERS 23 Jury 1979

Laser Electron Accelerator

T. Tajima and J. M. Dawson
Depavtment of Physics, Univewrsity of California, Los Angeles, California 90024
(Received 9 March 1979)

An intense electromagnetic pulse can create a weak of plasma oscillations through the
action of the nonlinear ponderomotive force. Electrons trapped in the wake can be ac-
celerated to high energy. Existing glass lasers of power density 10"*W/em? shone on plas-
mas of densities 10'® cm™? can yield gigaelectronvolts of electron energy per centimeter
of acceleration distance. This acceleration mechanism is demonstrated through computer
simulation. Applications to accelerators and pulsers are examined.
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“#Progress of Laser Electron Acceleratiofgly:
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22 i $ ] Tabletop Accelerator
s N In December, scientists at Lawrence Berkeley
— PG E T — — National Lab announced a new world record
= o | . i g for a compact particle accelerator. The team
= 6 B e N O used a tabletop-sized laser-plasma accelerator
= ] to energize electrons up to 4.25 GeV. Though
N g ] not nearly as powerful as the massive LHC, the
e I— ] tiny BELLA accelerator can do in about one
Z1 =+
R e i o meter what would take CERN 1,000 meters.
- \ ‘ . . Physicists hope that this emerging compact

2000 2002 2004 2006 2008 2010 2012 2014 2016 accelerator technology will pave the way to
new generations of particle colliders.

By Prof.R.X.Li
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At Lawrence Berkeley National Laboratory in California, a petawatt-class laser at the Berkeley

Lab Laser Accelerator (BELLA) facilitv is used to accelerate electrons to 4.2 GeV over a distance
of 9 ecm [78]. This is an acceleration gradient of at least two orders of magnitude higher than what

can be obtained with RF technology. That there are many remaining challenges before laser
accelerators can be used for medical applications 1s well una1 erstood [ 79 .
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PHYSICAL REVIEW ACCELERATORS AND BEAMS 19, 124802 (2016)

Laser-driven ion accelerators for tumor therapy revisited
Ute Linz"" and Jose Alonso™'
lFor.s‘c‘hmrg.s‘;enmmr Jiilich, D-52425 Jiilich, Germany
*Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
(Received 2 August 2016; published 29 December 2016)

Ten years ago, the authors of this report published a first paper on the technical challenges that laser
accelerators need to overcome before they could be applied to tumor therapy. Among the major issues were
the maximum energy of the accelerated ions and their intensity, control and reproducibility of the laser-
pulse output, quality assurance and patient safety. These issues remain today. While theoretical progress
has been made for designing transport systems, for tailoring the plumes of laser-generated protons, and for
suitable dose delivery, today’s best lasers are far from reaching performance levels, in both proton energy
and intensity to seriously consider clinical ion beam therapy (IBT) application. This report details these
points and substantiates that laser-based IBT is neither superior to IBT with conventional particle
accelerators nor ready to replace it.

DOL 10.1103/PhysRevAccelBeams.19.124802

following challenges:

(1) scaling laws for proton energy with laser power,

(2) shot-to-shot reproducibility to the few-percent level,

(3) improving proton flux by at least an order of magnitude,
(4) development of techniques for accurate dose control and
cutoff
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Radiation Pressure Acceleration @
Sailboat
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Electron--- Sail

Laser ---Wind

Proton--- Boat

X.Q.Yan et al, PRL 100, 135003 (2008)

11
T.Tajima, D.Habs, X.Q.Yan, RAST, (2009) 1-26



A. Einstein, Annalen der Physik 17, 891 (19095)
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E D Phase stability

1945: E. McMillan and V.J.Veksler
(1944) discover the
principle of phase stability

1959: Veks?er visits MlMilan at Berkeley
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E@,,;M@/ Demonstration of Radiation Pressuret
Acceleration

PRL 103, 245003 (2009) PHYSICAL REVIEW LETTERS a ~(n,/n)D/A,

Radiation-Pressure Acceleration of lon Beams Driven by Circularly Polarized Laser Pulses

A. Henig,"** S. Steinke,” M. Schniirer,” T. 901\01111\ R. Hmlun > D. Kiefer,"* D. Jung,"* J. Schreiber,"**
B. M. Hegelich,” X. Q. Yan,"®" J. Meyer-ter-Vehn,' T. Tajima,>’ P. V. Nickles,” W. Sdlldng.r," and D. Habs'+*

' Max-Planck-Institut fiir Quantenoptik, D-85748 Garching, Germany
*Department fiir Physik, Ludwig-Maximilians-Universitit Miinchen, D-85748 Garching, Germany
*Max-Born-Institut, D-12489 Berlin, Germany
*Plasma Physics Group, Blackett Laboratory, Imperial College London, SW7 2BZ, United Kingdom
>Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA
°State Kev Lab of Nuclear Phvsics and Technologv. Peking Universitv. 100871. Beiiing. China

1~5*10*19W/cm2
5nm DLC foil
13MeV proton
30MeV carbon
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27 Demonstration of Radiation Pressure @
Acceleration

PRL 103, 245003 (2009) PHYSICAL REVIEW LETTERS a ~(n,/n,)D/A,

Radiation-Pressure Acceleration of lon Beams Driven by Circularly Polarized Laser Pulses

A. Henig,"** S. Steinke,” M. Schniirer,” T. Sokollik,” R. Horlein,"* D. Kiefer,"* D. Jung,"* J. Schreiber,"**
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Maximum Proton Energy (MeV)
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Proton energy E ~ | ( laser intensity)

T.Tajima, D.Habs, and X.Q.Yan. Review of Accelerator

Science and Technology, 2(201-228),20009.
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Proton energy In recent experiments
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Heavy lon Acceleration
~000MeV Carbon new record at CoReLS/IBS
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(Th/Au) >10MeV/u @PW
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GeV heavy ion acceleration @GIST

B Deflection

N.s

Single-layer 100 nm Au target(100nm):

Max charge state: Au 50+; Max energy: 600 MeV (Au50+)

ions

Gold

Silver
Cu
Al

CNF(0.4nc,80um)+150nm Au target

Max charge state: 56+; Max energy: 1050 MeV(Au50+)

charge
50+
35+
20+
11+

maximum
1.05GeV
620MeV
350MeV
250MeV

E Deflection

B Deflection

Single layer Ag(100nm)
Max charge state: 38+; Max energy: 620 MeV (Ag35+)

CNF(0.6nc, 80um)+Cu(50nm)
Max charge state: 23+; Max energy: 350 MeV (Cu20+)

CNF(0.6nc, 80um)+AIl(20nm)
Max charge state: 13+; Max energy: 250 MeV(Al 11+)

(in preparation by W.Ma)

E Deflection
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Characteristics of Laser Driven Ion Beam

— Large energy spread: 20%~100%
— Large diverge angle~10°

— Small emittance ~0.1 T mm.mrad new features for

— Small 1itial size, spot source ~Sum beam optics

— Short pulse duration ~a few ps
— High peak current ~ 10°-10?ppp, KA

From laser acceleration to laser accelerator?

The laser driven ion beams can not be used directly for many
applications. Special designed beam line is necessary!
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E I/ CLAPA (Compact L Aser Plasma Accelerator)

Electron beam line EUV/x/gama/ beam line
Gas-target Chamber Multifunctional Chamber
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High Contrast SHz 200TW [ ompressor Chamber
Ti-Safire Laser System

Pulse Energy: 5] 200TW Laser System

Duration: 25 fs
Repetition : S Hz
Wavelength: 800 nm+/-10 nm

Contrast Ratio: > 1011 @ ~ns
10'°:1 @ 100 ps
10°:1 @ 20 ps
10%:1 @ 5 ps
103:1 @ 1 ps

Diagnostic Ben



Stability 10% with metal target Stability 3% with plastic target
(100nm-1000nm)
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(e) Proton beam on BPD#2
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Beam line system

Energy :1-15 MeV ; Energy spread: 0.25~£5%
Number: 1078-10710

Acceleration chamber Beamline Irradiation platform

All magnets were made in IMP@Lanzhou
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Proton parameter control on the irradiation platform

Central Energy 3-9MeV, AE=1%
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proton energy

total charge/shot

beam size
density
pulse duration

peak current

* Theoretical estimation
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2PW*
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10°

Parameters of laser proton beam
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MeV
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n/cm?

ns
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more detail in poster THPGWO042 by D.Y.Li & C.Lin g, sesting for materials

Vacuum irradiation

Irradiation experiments
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Spread-Out Bragg Peak

First demonstration of laser driven
SOBP at Peking University
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Proton accelerator with 1% energy spread

~

Radiation pressure Acceleration similar  Electromagnet lattice ~ L-aser Proton therapy?

to wind sail (PRL 100, 135003,2008)
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Perspective of Proton cancer therapy

PW/Hz laser
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(lf 8 Future Plan

Femtosecond LAser Driven multiple Beam Integrated

Facilities, LADBIF

in China's 14th Five-Year Plan, operated by BLAIC/PKU

Broadband  ultrafast light
source : (THz, infrared, photon
ultraviolet . visible light and 1\]

X-ray) / I

high brightness

electr femtosecon
electron source , a LADDIFE d laser
Electronic imaging, technique
hard photon [\1 f
Gamma collider, sam
ma

nuclear physics,
astrophysics

acceleration
technology,
high-energy density
WDM

Cancer irradiation.
warm dense
matter, ICF.
nuclear physics,
astrophysics



Summary

v' Radiation Pressure Acceleration with phase stability was
proposed, 1t can efficiently accelerate proton/ions.

v" A compact laser plasma accelerator (CLAPA) at Peking
University has been built.

v’ 3-15 MeV proton beams with 100pC charge have been
generated with stability better than 3% by using plastic
targets.

v With the beam line, laser accelerator of <10MeV proton
beams with 1% energy spread and 1-30 pC has been
achieved.
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