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Laser electron acceleration: what’s next?

• many successful experiments on laser electron acceleration
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Rep rate

e Energy
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Ultrafast Electron
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Laser technology is a key for applications!
(rep rated, stable, cost, efficiency, etc.)

XFEL

Medical Treatment

Usable machines!
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ImPACT project (FY2014-2018)
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Disruptive technology=laser acceleration!, Hi-risk, Hi-return

ImPACT=Impulsing Paradigm Change through  disruptive Technologies Program

“Ubiquitous Power Laser for Achieving a Safe, Secure and Longevity Society” (PM: Dr. Sano)
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ImPACT: R&D Groups
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compact laser applications

Integrated platform for laser 
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Project  1
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&	
  XFEL  
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Ultra-compact 
power laser
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systemization assessment
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Microundulator

KEK (Prof. Yamamoto)

  XFEL demonstration 
     and assessment
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Required parameters for XFEL based on 1D
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XFEL parameter examples: zero-order
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possible!

challenge

possible!

possible!

Project goal



our strategy
 to get monochromatic electrons
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Multi-staging laser electron acceleration

• We use separate-function accelerating stages.

• In the latter part, the longer pulse duration is employed.
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Injector

3-10 TW
<30 fs
a0>1

Phase rotator
3-10 TW
~60 fs
a0≤1

Booster
>100 TW
~100 fs
a0≤1

• Preliminary implementation at Osaka Univ. (T. Hosokai’s lab.)
• Booster acceleration test with J-KAREN-P laser.
Finally, all the system will be implemented at the integrated platform 
“LAPLACIAN” (RIKEN, Harima).  

Nakanii’s talk (yesterday)
Hosokai’s talk (tomorrow)
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Theoretical consideration supports proper staging
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S. V. Bulanov, in preparation
Unlimited acceleration
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Design of phase-space rotator
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Example parameters for phase rotator
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Ei
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LD
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rot
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Case I Case II

Injector
e-energy MeV 30 10

Injector
dispersion MeV 3 1

Drift space

length m 0.3 0.01

Drift space
chirp rate MeV/µm 1.7×10-1 1.9×10-1

Drift space

e-pulse duraton
fs 30 8.8

Drift space

e-pulse duraton
µm 8.8 2.6

Phase rotator

phase deg. 0 0

Phase rotator

laser amplitude - 0.7 0.5

Phase rotator

laser pulse duration fs 100 50

Phase rotator
laser power TW 106 14

Phase rotator
spot radius µm 80 40

Phase rotator

pl. wavelength µm 80 40

Phase rotator

length µm 1560 810

Phase rotator

pl. density cm-3 1.7×1017 6.9×1017
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Beam matching to the wake is important
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¡ =0.25 / mm-mrad

Peak (q=87 deg)
¡ =0.10 / mm-mrad

Focus (q=132 deg)
¡ =0.16 / mm-mrad

Transverse phase space

Example:

laser vacuum waist 10 µm

electron vacuum focus 
(peak) 4.6 µm

(focus) 14 µm

dE/E=10% 

Message:
•transverse matching is important!
•matching depends on phase!



Injector results at JAEA
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Injector: example
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Density scale: ~3500 um
Neutral Gas density:

       0.3x1018 cm-3(N2)

f/22 OAP
(f=646mm)

Electromagnet

Gas jet

3mm

N2 gas

Pump laser

Pump laser (from JLITE-X)

CCD camera

P
b w

all

P
b w

all Al filter/Phos. plate

Electron image/

Electron energy distribution

λ=800nm

E=160±4.8mJ, τ=40fs (i.e. P= 4TW)
Laser intensity: 9x1017 W/cm2 (a0=0.6)
ASE pedestal:   2x10-6(-500ps<t<-1ps)

　             2x10-8(<-500ps)

Front edge

Smart shot
 LX-03R

Laser condition

Target condition

Laval nozzle
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6

Argon

e-beam spatial profile

Helium
100 mrad

100

0

50

100 mrad

Intensity

Target Helium Argon
Pointing stability (mrad)

(rms) 9.8 2.4

Beam divergence (mrad)
(avg±s.d.) 29.8±8.8 10.4±2.0

Peak Energy (MeV)
(avg±s.d.) 24.8±3.6 8.5±0.8

Yield (pC/shot) 19.8±10.6 9.2±3.3
QME reproducibility (%) 38 84

@Helium

Laser propagation

@Argon

Laser propagation

2mm

M Mori et al., PRST-AB

Thomson scattering image

Argon : better pointing but broader energy spread

Energy spectra

Experimental results of e-beam generation
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N2 gas is suitable in our case
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Mori et al, IPAC2010

Pointing stability (1.7mrad)
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JAEA mission
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Wakefield mesurement

1. Single-shot based measurement: Frequency-Domain Holography
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Plasma wave (wakefield) is one of the important parameters. 
           Electron energy, focusing
            Also important in phase rotation

N. Matlis, M. Downer, Nature Phys. 2, 749 (2006) 

2. Sub-10 fs probe -shadowgraphy

A. Buck et al.,Nature Phys, 7, 543 (2011)
M. B. Schwab et al., APL, 103, 191118 (2013)
A. Sävert et al., PRL 115, 055002 (2015)
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Booster acceleration test

At KPSI-JAEA, we are upgrading our J-KAREN laser to PW level on target. 30 fs, 
~30 J (1 PW on target), 0.1Hz. “J-KAREN-P”
Challenges: 
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• Chirp pulse effect

• Stable acceleration

• long propagation (~10cm) in waveguide

Laser room Target room

f/20 chamber
f/1.4 chamber

Compressor

~55J
extracted from BA2

Compressor alignment
in progress
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Pulse alignment method

• In multi-staging acceleration, alignment method is 
necessary for two (or three) pulses properly.
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• At JAEA, in the study of relativistic flying mirrors, which 
uses nonlinear wake as a moving mirror, we have 
developed several techniques.

横から観測

ドライバー光 

航跡波 

Source	
  pulse
incident	
  on	
  mirrors

Driver	
  pulse
excite	
  wakes

速度
frequency

pulse	
  dura7on
~10 µm

Reflected pulse
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Several alignment method
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• Spatial resolution ~15µm

ex1）Far-field (Two laser pulses), online

Ve
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  a
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  (
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  axis	
  (mm)

ex2） XUV imaging
plasma	
  emission	
  by	
  source	
  pulse

plasma	
  emission	
  by	
  driver	
  pulse

• spatial resolution ~ 6µm

K. Kawase, M. Kando et al. APEX 3, 016101 (2010)

We have developed suitable alignment 
methods when two laser pulses are used.

ex3) Longitudinal shadowgram
(main channel reflection) 

Laser channel 200 µm

Source beam
as a probe by limiting NF size to 5mm

Driver pulse

M. Kando et al., in preparation

• Spatial resolution ~ 2µm

Backward 
Scattering
of Driver

Ve
r7
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l	
  a
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s	
  (
m
m
)

Horizontal	
  axis	
  (mm)
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Importance of laser stabilization

• Electric fields are determined by laser
• Intensity

• Profiles (both radial and longitudinal)
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In the linear regime(a0<<1) the amplitudes are 
proportional to a02（=intensity）
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Stability of laser (example: J-KAREN)
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Spot radius
(1/e2, µm)

x: 18.0±1.5
y: 20.7±2.6 

8.4%
12.6%

Energy 
(J)

0.648±0.011 1.8%

Pulse duration
(FWHM, fs)

38.5±6.4 16.6%

Pointing
(rms, µrad)

x: 4.6
y: 5.9

12%
14%

� = 0.5

Power amp mode:  2012.9.27

Intensity

I=(4.3±0.7)×1018  W/cm2 (17%)

a0=1.44±0.12 (8.6%)

improve the intensity stability
improve pointing stability

In the project, 

Focal spot Temporal profile Pulse energy  in day
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Causes of instability 

• air fluctuation

• vibration from the ground

• temperature drift

• nonlinear effects in laser amp.
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In this project,

• We will improve laser stability.

• Test bench, implementation to J-KAREN-P

• The know-how will be used in the Platform laser.

• angular chirp

• strehl ratio

• etc.
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Summary

• The ImPACT program for “laser acceleration based XFEL” has been 
started.

• Minimum goal : 1 GeV, 1% spread, Q=1pC, t=1fs (kA), 1 µm

• We presented our strategy to get high quality beams with rough 
estimate. Detailed calculation with PIC is in progress.

• At JAEA, we will measure wakefield, alignment method, booster 
acceleration, laser control and stabilization.
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Call for post-docs! (2 persons, deadline: 30 Oct. 2015)
http://www.jaea.go.jp/english/news/recruitment/re15090901.html

http://www.jaea.go.jp/english/news/recruitment/re15090901.html
http://www.jaea.go.jp/english/news/recruitment/re15090901.html

