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Abstract 
In 2015 the Moore Foundation accepted a proposal to fund an accelerator 
science program with the goal of demonstrating a laser driven accelerator 

on a chip.  To date the international collaboration has demonstrated 
greater than 800MeV/meter gradient in a fused silica grating structure 

and has demonstrated the first accelerators based on silicon.  The ACHIP 
collaboration is making progress toward a 100MHz repetition rate 

accelerator with attosecond electron bunches to enable applications to 
science and to medicine. 
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A Century of Particle Accelerators  

First came accelerators 
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Fifty + years of Lasers 

then came Lasers 
Malibu Beach, CA 1960 

Ted Maiman and the Ruby Laser 



Byer 
Group Laser Acceleration 

 

Toshiki Tajima Symposium                                                  January 25-26, 2018                                                                      UC Irvine, CA 



Byer 
Group 

Toshiki Tajima Symposium                                                  January 25-26, 2018                                                                      UC Irvine, CA 

The Livingston plot – 1954 
Innovation leads to exponential progress 

In 1954 Livingston noted that 
progress in high energy accelerators 
was exponential with time. 
 
Progress is marked by the 
saturation of the current technology 
followed by the adoption of 
innovative new approaches to 
particle acceleration led by 
scientists with a vision for the 
future and the passion to make it 
happen. 
 
It is clear that there is a need for 
innovation in the next generation of 
advanced accelerators. 

Will 2015 see a commitment to explore 
 innovative new approaches to  
laser driven linear accelerators? 
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The Livingston plot – 1954 
Innovation leads to exponential progress 

In 1954 Livingston noted that 
progress in high energy accelerators 
was exponential with time. 
 
Progress is marked by the 
saturation of the current technology 
followed by the adoption of 
innovative new approaches to 
particle acceleration led by 
scientists with a vision for the 
future and the passion to make it 
happen. 
 
It is clear that there is a need for 
innovation in the next generation of 
advanced accelerators. 

Will 2015 see a commitment to explore 
 innovative new approaches to  
laser driven linear accelerators? 

YES! Moore Foundation 
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Introduction  Early Progress in Laser Accelerators 

Success!  Laser Acceleration in Dielectric Structures 

Current Activity Laser Acceleration on a chip: ACHIP 

Surfing Lightwaves 



When the SLAC linac and microwave klystron were 
invented they were revolutionary developments 

“only” 3 feet long! 
 

2 MV/m 

Microwave linac invented 1948 Klystron invented 1937 
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SLAC: The two-mile accelerator  

• $100M proposal 
• numerous studies and reports  
• > 10 years of effort 

“Project M” 
1955 first brainstorming and informal discussions 

First beam at SLAC, 1966 
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SSRL 

undulator 

3 km 

120 m 

accelerator 

Experiment 
lines 

LCLS 
injector 

T ~ 230 1 fsec
λ ~ 1.5 – 15 Å
Φ ~ 1012 γ / pulse

SASE-FEL 14 GeV

• materials science
• chemistry
• atomic physics

100 m

T ~ 230 1 fsec
λ ~ 1.5 – 15 Å
Φ ~ 1012 γ / pulse

SASE-FEL 14 GeV

• materials science
• chemistry
• atomic physics

100 m

April 10 2009 - LCLS: Coherent 8KeV X-ray source- 1mJ at 10Hz !! 

• 1 km-size facility 
• microwave accelerator 
•  λRF ~ 10 cm 
• 4-14 GeV e-beam 

 
• 120 m undulator 
• 23 cm period 
• 15-1.5 A radiation 
• 0.8-8 keV photons 
• 1014 photons/sec 
• ~77  fsec 

 
• SUCCESS – April 09 
• 1mJ per pulse 
• 10 Hz 
• 8 keV X-ray photons 

LCLS properties 

TTF:     Tesla Test Facility; fsec EUV SASE FEL facility
XFEL:  Proposed future coherent X-ray source in Europe…
TTF:     Tesla Test Facility; fsec EUV SASE FEL facility
XFEL:  Proposed future coherent X-ray source in Europe…

RF-accelerator driven SASE FEL at SLAC  -  April 2009 

Question: can we make a Table-top X-ray Laser? 

http://www.slac.stanford.edu/slac/media-info/photos/aerial.tif
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Emergence of new technologies make  
Laser Acceleration Possible 

NUFERN 
 

ALABAMA 
LASER 

high power 
fiber lasers 

ultrafast laser 
technology 

nanotechnology 

60 W/bar, 50% 
electr. efficiency 

efficient pump 
diode lasers 

< 10 fs 
IMRA mJ 500 

fsec laser 

new materials 

high 
strength 
magnets 

New ceramics 
Nd:Fe 

nano-
tubes 

high purity optical materials 
and high strength  coatings 

11 

sodium 
yellow 

Leveraging 
investment in 

telecom 

30 W/bundle, 40% 
electr. efficiency 

http://www.kjmagnetics.com/proddetail.asp?prod=B42Y1&cat=11
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laser-driven microstructures 
  • lasers: high rep rates, strong  
field gradients, commercial support 
  • dielectrics: higher breakdown 
threshold  higher gradients  
(1-10 GV/m), leverage industrial 
fabrication processes 
 

Goal:  lower cost, more compact,  
energy efficient, higher gradient 

gradient Wafer is 
diced into 
individual  
samples 

for e-beam 
tests. 

"Accelerator-on-a-chip" 

bonded silica 
phase reset 
accelerator 
prototypes 
fabricated at 
SLAC/Stanfo
rd 

300 MV/m 



DLA leverages advances in two major industries: 
solid state lasers + semiconductor fabrication 

Parameter DLA Value 
Wavelength  2 µm 
Pulse Duration 100 fs 
Pulse Energy 1 µJ 
Laser Power 100 W 
Rep Rate 100 MHz 
Laser Efficiency 30% 
Cost/laser $300k 

High average power,  
not high peak power lasers! 

Available now 
“off the shelf” 

Fabricated using techniques of 
the integrated circuit industy. 

fused silica 
(UV photolithography) 

silicon 
(DRIE) 

DLA structures 
are made by 
students in the 
Nanofabrication 
Facilities at 
partner 
universities. 

SEM images of DLA prototypes 
tested at NLCTA 

Stanford - H. Deng 

Solid-state laser 



An initiative in particle acceleration using lasers was 
started by Bob Byer and Bob Siemann (1996) 

Stanford & SLAC Programs in 
laser-driven acceleration: 
 
LEAP (1996-2015) 
E-163 (2005-present) 
DARPA AXiS (2011-2013) 
ACHIP (2016-2020) 
NSF-BSF (2016-2018) 

E. Colby T. Plettner 

+ 
R. L. Byer R. H. Siemann 

R. J. England 

Postdocs and students (1996 – present) 
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Laser driven particle acceleration 
1996 - 2004 

collaborators 
 

ARDB, SLAC 
Bob Siemann*, Bob Noble†, Eric Colby†, Jim Spencer†, Rasmus 

Ischebeck†, Melissa Lincoln‡, Ben Cowan‡, Chris Sears‡, D. Walz†,  
D.T. Palmer†, Neil Na‡, C.D Barnes‡, M Javanmarad‡, X.E. Lin†  

 

Stanford University 
Bob Byer*, T.I. Smith*, Y.C. Huang*, T. Plettner†, P. Lu‡, J.A. Wisdom‡ 

 
ARDA, SLAC 

Zhiu Zhang†, Sami Tantawi† 
 

Techion Israeli Institute of Technology 
Levi Schächter* 

 
UCLA 

J. Rosenzweig* 
 
 

‡ grad students    † postdocs and staff       * faculty 

Laser Electron Accelerator Project – LEAP 
  Goal: demonstrate physics of laser acceleration 
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(a) (b) 

   Laser Electron Accelerator Program - LEAP 
Located in the Hansen Lab on Stanford Campus  

The crossed-beam laser accelerator 
Cell and magnet for electron beam 
energy measurements. 

The view of the 30 MeV super-conducting 
linear accelerator in the underground 
tunnel on campus in the HEPL lab. 
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electron 
beam 

laser 
beam 

8 µm thick gold-  
coated Kapton tape 

stepper motors 

accelerating 
phase 

decelerating 
phase 

laser 
beam electron 

beam 

Inverse 
FEL 

tape  
drive 

LEAP Experimental Success- November 2004 

Simplified single-stage 
Accelerator Cell - 
Gold coated Kapton tape  
to terminate the Electric field. 

The LEAP experimental apparatus that 
Includes the LEAP single stage accelerator 
cell and the inverse FEL. 

We have accelerated electrons with visible light! 
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Tomas Plettner and LEAP Accelerator Cell 

The key was to operate the cell above damage threshold to generate 
energy modulation in excess of the noise level. 
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• confirmation of the Lawson-Woodward Theorem 
 
 
• observation of the linear dependence of energy gain  
  with laser electric field 
 
 
• observation of the expected polarization dependence 

E dzz
−∞

+∞

∫ = 0

∆U Elaser∝

E Ez laser∝ cosρ

laser-driven 
linear 

acceleration in 
vacuum 

1st Success:   Accelerated electrons with visible light 
             Phys Rev Letts - Sept 2005 
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2nd Success:  Visible light driven  IFEL 
Phys Rev Letts - Nov 2005 

20 

* graduate student C.M. Sears 

Cross-correlation in time Observation of harmonic interaction 
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60 MeV 
10 pC 
~ 1psec 

λ = 800 nm 
U ~ ½ mJ/pulse 
τ ~ 200 fsec 
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3rd Success:  Bunching and Net Acceleration 

C.M.S. Sears, et al. “Production and 
characterization of attosecond electron bunch 
trains,” PRST-AB 11, 061301 (2008)]. 
 
C.M.S. Sears, et al. “Phase stable net 
acceleration of electrons from a two-stage optical 
accelerator.” PRST-AB 11, 101301 (2008). 

Net laser acceleration of 1.2 keV 
demonstrated 400 attosec microbunches 
using inverse transition radiation (ITR) at a 
metal foil. 



Since then a variety of successful demonstrations set 
the stage… 

C.M.S. Sears, et al. PRST-AB 11, 101301 (2008). 

Net laser acceleration of 1.2 keV 
demonstrated for 400 attosec 
microbunches using inverse transition 
radiation (ITR) at a metal foil. 

Excitation of TM modes 
In photonic crystal fibers via wakefield 
stimulation with 60 MeV electrons 

3D Photonic crystal fabrication 
with complex multi-layer designs 
suitable for efficient power coupling  

Staude, McGuinness, et al. Opt. Exp. 20, 5607 (2012) 

C-K. Ng, et al. PR-STAB 13, 121301 (2010) 
R. J. England, et al. AIP Conf. Proc. 1086, 550 (2009) 



… including development of concepts for compatible 
accelerator subcomponents. 

Efficient Coupler Designs Beam Position Monitor 

Opt. Lett., 37 (5) 975-977 (2012) 

C. McGuinness, Z. Wu 

Focusing Structures 

AIP Conf. Proc. 1507, 516 (2012) 
J. Mod. Opt. 58 (17), 1518-1528 (2011)   

Opt. Lett., 39 (16) 4747 (2014) 
Phys. Rev. ST-AB, 17, 081301 (2014) 

>95% coupling 
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Introduction  Early Progress in Laser Accelerators 

Success!  Laser Acceleration in Dielectric Structures 

Current Activity Laser acceleration on a chip: ACHIP 

Surfing Lightwaves 
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Hollow core PBG fibers 3-D photonic bandgap structures 

B. M. Cowan, Phys. Rev. ST Accel. Beams , 6, 101301 (2003). X.E. Lin, Phys. Rev. ST Accel. Beams 4, 051301 (2001)  

Z. Zhang et al. Phys. Rev. ST AB 8, 071302 (2005) 
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http://tesla.desy.de/%7Erasmus/media/pbg%20fiber%20accelerator/Photos/slides/end%20of%20fiber.html
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... for several reasons: 
1.  It would take too long to describe all of them. 
2.  We have working prototypes built at Stanford. 
3.  They have been experimentally tested. 
4.  It illustrates some of the basic operating principles. 

T. Plettner, et al. PRST-AB 9, 111301 (2006). 
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||E

dielectric 
structure 

electron 
beam 

vacuum 
channel 

input laser 
wavefront 

EM field map in one unit 

0=⊥F


laserEE 2
1

|| ~


Transverse pumped phase-reset grating structure  

vacuum channel width < λ  

1 J/cm2 fluence 
 
 ~10 fsec pulses 

GeV/m 4~unloadedG
Gloaded  ~  2 GeV/m 
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Laser-Powered 

Relatively inexpensive and 
commercially developed! 

Dielectrics are highly resilient to damage 

Damage Threshold Fluence at 800 nm, 1 ps 
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Edgar Peralta 

Stanford Nanofabrication Facility 

First prototype Fused Silica structures have been made  
at Stanford Nanofabrication Facility 

Electron beam direction Electrons into page 

     SIDE            FRONT 
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Re: The best 30seconds of my last ~ 5 years! 

Ken Soong Edgar Peralta 

SLAC -  NLCTA Accelerator 
4:05 AM 

February 23, 2013 
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A single bonded wafer pair contains over 200 individual 
accelerator structures 

4 accelerators with different 
design variations 

6 inches 
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Rows of these are diced into test samples. 

4 accelerators with different 
design variations 
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Electron microscope image of the bonded structure. 
Rough edges are due to damage from sawing the structure in 

half in order to image the interior. 

800 nm 

Design 1:  400nm 
Design 2:  800 nm 

electrons 
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Experiment Schematic 
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Getting the 60MeV e-beam through the structure 

Experimental Challenges 
Timing and alignment 

 Microscope image of test sample  Diagram of test sample 

1psec e-beam – 30 µm best focus! 
However, we have a 400 nm aperture 
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Experimental Challenge 

How hard is it to transmit through a 1000:1 aspect ratio channel? 
The following gives a sense of scale. 

1:1 aspect ratio 

10:1 aspect ratio 

100:1 aspect ratio 

1000:1 aspect ratio – 540 optical periods long 
(our structures) 

e- 30 micron ebeam 
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60 MeV Electron Beam Transmission 
(400nm wide channel, 0.5mm or 540 optical wavelengths long) 

e- 

Grating 
Structure 

e- 

       Prompt vs Straggled 
Electron Energy beamsplitter 
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We measure the gradient by observing  
the resultant energy broadening. 
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A) Cross correlation of electron and laser pulses in time 
B) Measured acceleration gradient vs Peak Electric Field 

Upper and lower dashed lines (B) are calculated for aligned and misaligned structures 
Fused silica structure damaged (gracefully) above 0.25mJ incident energy as expected 

Measured: 300MeV/m gradient in fused silica structure 

TIMING GRADIENT 
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 E. A. Peralta, K. Soong et al  - Sept 27, 2013 
‘Accelerator on a Chip’ 
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Low-Beta Accelerator 
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Party on Friday March 1, 2013 – Celebrating success! 
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So we’ve demonstrated acceleration on a chip.  
What’s next?  

Toshiki Tajima Symposium                                                  January 25-26, 2018                                                                      UC Irvine, CA 
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Introduction  Early Progress in Laser Accelerators 

Success!  Laser Acceleration in Dielectric Structures 

Moore Foundation Recent Progress in the 
  Accelerator on a Chip Program 

Surfing Lightwaves 
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Peter and Bob – Co-Directors  
Moore Foundation ACHIP program 
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A new 5-Year initiative in DLA has been approved by the 
Gordon and Betty Moore Foundation. 

Systems Integration 
(Core DLA Groups) 

Stanford: Byer, Harris, 
Solgaard 

Erlangen: Hommelhoff 
Light Coupling 

Stanford: Fan, Vuckovic  
Purdue: Qi 

Electron source 
 UCLA: Musumeci 

Erlangen: Hommelhoff 
Stanford: Harris, Solgaard 

Structure Design & 
Fabrication 

Stanford: Byer, Harris, 
Solgaard 

Erlangen: Hommelhoff 

Simulations 
 Tech-X: Cowan 

U Darmstadt: Boine-
Frankenheim 

Sub-Relativistic DLA 
experiments 

Stanford: Harris, Solgaard 
Erlangen:  Hommelhoff 

Scientific Advisors 
UCLA Chan Joshi 

SLAC: Lia Merminga 
DESY: R. Brinkman 

  

Relativistic DLA experiments 
SLAC: England, Tantawi 

DESY/UnivHH: Assmann, 
Kaertner, Hartl 

PSI/EPFL: Ischebeck, Frei 

ACHIP:  Accelerator on a Chip International Program 
$13.5M / 5 years 



Milestones for the ACHIP Moore Foundation Program 

 Optical microbunching. (SLAC, Sears 2008) 
 
 Demonstrate position monitoring. (SLAC, Soong 2014) 

 
 Single-staged DLA with ~0.8 GV/m gradient. (SLAC/UCLA 2016) 
 
 Net acceleration, multi-stage operation, and MeV-level energy gains. 
 
 Demonstrate elements for focusing, deflection, and undulator radiation. 
 
 Develop a suitable laser-triggered field emission source.* 
 
 Develop DLA structures for sub-relativistic bunching & acceleration to ~ 1 MeV.* 

 
 Develop high-efficiency optical guide networks to enable up to 8 stages. 
 
 Integrate electron source/injector, couplers, and DLA accelerator. 
 

 ✔ 

 ✔ 

* Asterisked items conducted primarily through university collaboration. 

 ✔ 
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injector 
(Demonstrated at MPQ) 

speed of light accelerator 
(Demonstrated at SLAC) 

particle source 
(Demonstrated at MPQ) 

Image courtesy of P. Hommelhoff 
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combined with ultra-small particle sources that are well matched 
to the structures… 

 
 
 
 
 
 
 
 
 
 
 

Dr. Peter Hommelhoff, Johannes Hoffrogge, (Erlangen)  

laser 

30 keV electron pulses triggered by a 10 femtosecond 800nm Ti:Sapphire 
laser with up to 2000 electrons per pulse. 

J. Hoffrogge et. al, “A tip-based source of femtosecond electron pulses at 
30keV”. arXiv:1303.2383 (2013).  
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Silicon Dual Pillar Accelerators 
Elegant and simple but very effective structure 

• Simple geometry; ok thermal characteristics 
• Good field ratios: G0 > 0.4 E0 possible 
• Driven at glancing angle: 4.5º the half angle of drive beam 
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DLA Experiment Comparison 

 
 
 
 

 

SLAC (SiO2) Single 
Grating 

Dual 
Pillars 

Hommelhoff(
SiO2) 

E0 60 MeV 96.3 keV 86.5keV 30 keV 
β  0.9996 0.54 0.52 0.33 
Epulse 330 µJ 5.2 nJ 3.0 nJ 160 nJ 
tp 1.1 ps 130 fs 130 fs 110 fs 
Lint ~360 um 5.6 um 5.6 um 11 um 
Pk Field 3.5 GV/m 1.65 GV/m ~1.8 GV/m* 2.85 GV/m 
Max ΔE 100 keV 1.22 keV 2.1 keV 0.275 keV 
Gmax 690 MeV/m 220 MeV/m 375 MeV/m* 25 MeV/m 
Gmax/Ep ~0.1 ~0.13 ~0.2* ~0.01 

*Preliminary and subject to change 
Toshiki Tajima Symposium                                                  January 25-26, 2018                                                                      UC Irvine, CA 
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Moore Foundation Collaboration meeting at UCLA Feb 29, 201 
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Introduction  Early Progress in Laser Accelerators 

Success!  Laser Acceleration in Dielectric Structures 

Moore Foundation:   Laser acceleration on a chip: ACHIP 

Surfing Lightwaves 
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Accelerator on a Chip 
Program 

Dr. Kenneth J. Leedle on behalf of  
 Prof. Robert L. Byer and the ACHIP 

Collaboration 

Toshiki Tajima Symposium                                                  January 25-26, 2018                                                                      UC Irvine, CA 



First gradients observed were 10 times higher 
than the main SLAC linac… 

300 MV/m Peralta, et al., Nature 503, 91-94 (2013). 

k 
E0 

e- path 
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GeV/m gradients measured with standard 
femtosecond lasers 

E.Peralta (Nature 2013) 
1.24ps laser 

K.Wootton (Optics Letters 2016) 
64fs laser 

UCLA (in prep) 
42fs laser 

Next: Pulse front tilted drive for 1mm interaction length – 1 MeV energy gain 
65 
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Comparison of Recent DLA Acceleration Experiments 

 
 
 
 
 

SLAC & 
UCLA  

Hommelhoff 
Erlangen 

Stanford 
(Grating) 

Stanford 
(Pillars) 

Electron Energy 8 MeV 30 keV 96.3 keV 86.5keV 
Relativistic β  0.998 0.33 0.54 0.52 
Laser Energy 150 υJ 160 nJ 5.2 nJ 3.0 nJ 
Pulse Length 40 fs 110 fs 130 fs 130 fs 
Interaction 
Length 

~20 um 11 um 5.6 um 5.6 um 

Peak Laser Field 3.5 GV/m 2.85 GV/m 1.65 GV/m ~1.1 GV/m 
Max Energy Gain 20 keV 0.275 keV 1.22 keV 2.05 keV 
Max Acc Gradient 0.85 GV/m* 25 MeV/m 220 MeV/m 370 MeV/m 
Gmax/Ep ~0.18 ~0.01 ~0.13 ~0.4 



Josh McNuer ......... Peter Hommelhoff 
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Hommelhoff Group has recently demonstrated phased   
2-stage acceleration with 28 keV electrons 

Factor x2 increase 
for 2 stage vs. 1 stage 
(linear scaling) 

10 µm 

M. Kozák et al., arXiv:1512.04394v1  
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Focusing Structure  

BACK UP 
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Optical structures naturally have attosec time scales  
and favor high-repetition rate operation 



Byer 
Group 
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Accelerator on a Chip 

waveguides 
deflector 

fiber laser  
couplers 

electrons 

accelerator 

undulator 

e 

x-rays 

Goal: all components necessary for building an accelerator  
 are compatible with planar lithographic processing! 



Design Prototypes:  How to get laser power onto the chip  
with proper phase and timing? 

Use “Inverse design” or “Adjoint Design” to invent new 
structures that meet all of the requirements 



Splitters (multi-port and phase control) 



Grating Coupler (Fabrication) 

Fabrication of grating couplers using e-beam lithography 
and plasma etcher 



Byer 
Group 

Tyler Hughes – On-Chip Laser Power Delivery System for DLAs   
(Sept 14, 2017) 
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Byer 
Group 

Tyler Hughes report – SLAC  ACHIP meeting 
(Sept 14, 2017) 
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Byer 
Group 

Jelena Vukovic group:  Neil Sapra (Siemann Fellow) 
Inverse Design of Laser Couplers    one to many 
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Byer 
Group 

Steps in using inverse design 
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Byer 
Group 

Broadband, ultrafast 2micron wavelength Coupler -   
Hollow Core Fiber to DLA 
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ACHIP Students at Stanford 



Byer 
Group 

What We Do 

*The Economist, Oct 19th 2013  

Dielectric Laser-driven Accelerators (DLA) 



Byer 
Group 

55 Scientists attend ACHIP meeting in Erlangen 
(September 2016) 
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Advisory Board members:  Lia Merminga, Chan Joshi, Reinhard Brinkman 



Byer 
Group 

Injector Group Update 
(January 17,2018 ACHIP Telecon) 

On behalf of 
• R. L. Byer, J. S. Harris, O. Solgaard groups at Stanford 
• P. Hommelhoff group at FAU Erlangen 
• F. X. Kaertner THz group at DESY 

 
Outline: 
• Stanford Update 
• DESY THz Update 
• FAU Update 
• Research Plans for Year 3 
• Shoebox Test Platform Overview 
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Byer 
Group 

85 

Sine-pillar Stucture Testing 

New structures 
fabricated with 
refined oxygen plasma 
cleaning process after 
lithography, correct 
gap size achieved 

Simulations indicated 700 MeV/m 
gradient possible, but only <100 
MeV/m measured, likely due to gap 
size smaller than design 

Old structure with too small gap – 
the chirp design reduces the 
tolerance since desired gradient 
must be reached to match chirp 



Byer 
Group 

86 

Dual Pillar with and without DBR Comparison 

1.2 keV (~100 MeV/m) energy gain with DBR, 0.8  keV (~66 
MeV/m) without 
 
Better statistics needed for comparison to simulations - 
ongoing 

With a stretched pulse 
(650 fs), more electrons 
interact with laser pulse 
(necessary for upcoming 
bunching experiments) ----
------------> 

100 fs laser pulse 

65
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Byer 
Group 

Shoebox Platform Design 

• Goal: A modular test platform for ACHIP Shoebox Demonstration 
• Platform Provides: 

– All necessary electron optics for any electron gun on a CF2.75(CF40) flange 
• Focusing, imaging, spectrometer, divergence setting 
• Provide maximum flexibility as electron gun performance improves 
• Electron guns will be interchangeable without changing any other part of the system 
• Solenoid lens works up to over 100keV 

– Uses interchangeable pole pieces for different configurations 
• Spectrometer works from 15keV to 10MeV 
• Scanning transmission electron imaging for maximum contrast, speed, flexibility 

– Uses existing STEM controls and interface 
– DLA Hexapod platform 

• Interchangeable samples on standard SEM mounts 
• 6-axis nanometer-scale positioning 

– Free space optics will be located outside vacuum chamber 
– Waveguide optics will be located inside chamber with external alignment 
– Vibration-free UHV system 
– Entire system will fit on optics table 
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Byer 
Group 

Shoebox Testing Chamber 30cm length 
Electron Source Concept, Solenoid, Main Chamber 

Electron Gun 
w/ HV Shield 

Ferritic Stainless 
Solenoid+Anode 

DLA 

CF2.75”  
Double Cube 

UV 

2u
m

 
2u

m
 Al Gasket/Spacer 

100um Aperture + 
Scanning Coils 

Solenoid Winding 
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Byer 
Group 

DLA is a promising new approach to particle acceleration  

Compact footprint and reduced cost would give university labs and smaller 
facilities greater access. 10 MeV beam in 1 cm chip driven by standard fiber lasers.  
 
Sub-optical wavelength (attosecond) temporal bunch structure translated into 
sub-fs radiation pulses could enable ultrafast science (molecular movies, atomic 
physics). 
 
Compact portable scanners and radiation sources for medicine (e.g. direct e-
beam oncology), security (Nuclear Fluorescence Imaging), phase contrast imaging, 
etc. 
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Integration Group Report 
Quarterly Reports Teleconference:  Nov 15, 2017 
 
Accelerator on a Chip International Program (ACHIP) 
Gordon and Betty Moore Foundation 
 
Co-leads: R. Joel England, P. Musumeci,  
P. Hommelhoff 



Org Chart Year 3 – New Group Structure 

Co-leads for all technical groups have now been finalized. 
 
 



Stretch Goals 

The stretch goals of the program, as stated on Page 2 of the ACHIP proposal: 
 
Goal 1: Demonstrate acceleration with an integrated multi-stage DLA with GV/m 
peak gradients and energy gain ≥ 1 MeV for sub-relativistic and relativistic 
electrons.   
 
Goal 2: Exploration of capabilities enabled by the transverse fields in DLA 
structures, including X-Ray and EUV production, focusing, and sub-fs-level 
diagnostics.  
 
We note that Goal 1 is most strongly tied to the activities of the Integration 
Group (Group 6, and by extension to groups 1-4), while Goal 2 is most closely 
aligned with the Radiation Generation and Applications group (Group 5).  We 
also note that pursuant to prior discussion, focusing was deemed to be such an 
intrinsically critical need that it spans all technical groups and is not limited to 
any particular one. 



Some Potential Applications 

Attosecond Streak Camera 

Medical Radiation Therapy Devices FEL on a Chip 

K. Wooton, J. McNeur, & K. J. Leedle, submitted to RAST; slac-pub-16810 (2016) 

200 as 



10 TeV Collider Parameters 

* For 10TeV c-o-m collider scenario, based on numbers from Report of ICFA-ICUIL 2010 Joint 
Task Force on Ultra-High Intensity Lasers, Ch. 1.  RF numbers extrapolated from ILC 
parameters scaled to higher luminosity. 
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Future high energy physics facilities could be smaller  
and more affordable.  

Active Linac Length 

12.5 km 1.6 km 168 m 

International Linear Collider 
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Stanford Laser Accelerator Laboratory 

1. The grating accelerator structure 
a. Concept 
b. Fabrication 

 
2. The experiment 

a. Concept 
b. NLCTA 
c. Challenges 

 
3. Key results 

 
4. Ongoing work 



   SLAC - Stanford Laser Accelerator Laboratory  

1. The grating accelerator structure 
a. Concept 
b. Fabrication 

 
2. The experiment 

a. Concept 
b. NLCTA 
c. Challenges 

 
3. Key results 

 
4. Ongoing work 

On a WAFER ! 
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