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ATF status and 
vision 
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High-brightness 
electron beams 

Small staff, a lot of  experience 

Unique powerful lasers 
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Geography of User Institutions 

USA 
65% 

Europe 
20% 

Asia 
15% 
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Experimental Program 

e-beam 
24 laser 
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Laser/e-beam 
13 

Active 

Active 

Active 

Completed 

Completed 

Completed 

Active projects: 16 
Completed projects: 25 
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ATF diversity in addressing needs of the 
accelerator community 
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UCLA 

  CO2 Laser Facilities for Strong-Field Physics 

CA 

NY 

Neptune lab. ATF 
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Picosecond  CO2  gas  laser  
 

CO2 (λ=10 µm) advantages  
as compared to solid-state (λ≈1 µm) lasers: 
#1 favorable scaling of accelerating structures, better 
electron phasing into the field (staged IFEL accelerator) 

#2 100 times stronger ponderomotive effects at the same 
laser intensity (ion acceleration from foil)  

#3 10 times more photons per Joule (Compton scattering) 

#4 100 times lower critical plasma density (Shock Wave acc.) 

a tool for exploring  
novel methods of particle acceleration 

and radiation sources.   
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Vsh 

ne 

2Vsh 

ncr 

laser 

Shock Wave Ion Acceleration 
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•Laser energy absorbed within 
critical plasma layer creates 
electrostatic shock wave at 
velocity 
     
•The shock field reflects 
upstream ions at double 
velocity. 

crsh nIv =



4.3 km 
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LHC 
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need ideas for compact and affordable accelerators 
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Next – linear collider 



100 m linac on a palm of your hand 
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3.3 cm 

100 m linac on a palm of your hand 

2 GeV e-beam 

ΔE ~ 5% 
 εn~ 20 µrad 
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100m 

Over 100 M US$ for construction ～10 M US$ 

Proton beams for cancer treatment 
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ATF will be upgraded to address these challenges 

ATF 
820 

ATF II 
912  
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ATF II PROJECT ATF (BLDG.820) 

ATF (BLDG.912) 
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ATF upgrade plan 
E-beam energy   80 MeV           500 MeV 
Laser peak power 1 TW    100 TW 
Experimental halls       1    5 
Shielded area      7× 
Total floor       3× 
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History of ATF user experiments enabled by continuing  
CO2 laser power upgrade 
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CO2 laser upgrade Path 

1 TW 
5 J, 5 ps 

5 TW 
10 J, 2 ps 

25 TW 
50 J, 2 ps 

Chirped-pulse amplification  

2nd power amplifier  

Large-aperture regenerative 
amplifier 

2017 

2013 

2.5 TW 
5 J, 2 ps 

Solid-state, µJ seed 

100 TW 
10 J, 100 fs 

 
Nonlinear 
 compression 
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     LWFA research 
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Past –  
Plasma source, 
CO2 laser channeling 

Laser pulse Wake field 

Near future –  
Self-modulated LWFA  
with external injection, 
> 1 GeV/m 
@ 2.5 TW, 2 ps 
 

Future 100 TW –  
Bubble LWFA  
 20 GeV/m 
16 nC 



       IFEL research 
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Past –  
first staged 
monoenergetic laser 
accelerator 

1 GeV/m @ 100 TW 

Future – 
Record-high  gradient for 
vacuum accelerators 

100 MeV/m        Present – 
record for IFELs 
energy gain and 
acceleration gradient 



Shock Wave Proton Acceleration 
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Hydrogen jet 

N o z z  l e 

1.7 MeV 
protons 

(light or 
neutrals) 

Laser-induced electrostatic shock reflects protons 
upon its propagation through the ionized H2 jet. 

•Energy spread 10% 
•Spectral brightness 1012 proton/MeV/str 
•Proton energy up to 3.2 MeV 
 



ATF upgrade opens up many new 
science opportunities 
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ATF vision 
Providing users with research opportunities :  

– not available elsewhere,  
– at the cutting edge of strong-field physics and 

advanced accelerator science,  
– with diverse coverage of multiple DOE missions in 

accelerator R&D and stewardship. 
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Thank you  
for your attention 
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