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Shaped bunch for large transformer ratio (R) PWFA, access to weakly 
nonlinear PWFA regime (simulations)!

Multi-bunch, resonant PWFA results!

Plans for imaging of PWFA plasma density perturbation!
(FDH)!

Cool stuff at ATF!

Summary!



!"#$"%&''()" *+,"-./0."%//12'"3456756386"

Transformer Ratio:!

! 

R = E+ E" Energy Gain:!

! 

" RE0
E0: incoming energy!

Ramped Bunch Train*!

Q=15!
45!

75!

E-!

E+!
Bunch Train!

Resonant excitation of wakefields !

Kallos, PACʼ07 Proceedings! *Tsakanov, NIMA, 1999!

Q=30 pC/bunch, ∆z=250 µm=!p! ∆z=375 µm=1.5!p!

"r=125 µm, ne=1.8x1016 cm-3, !p=250 µm!

Large transformer ratio and energy gain (>2) !
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Choose beam parameters with mask and beam!
parameters: N, ∆z, "z, Q!
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Same method used D+W bunches at FACET!
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Linear calculation (2D): microbunches with equal charge!
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Resonant excitation of PWFA in the linear regime!

Chirp such that W enters with highest energy!

ne, res≈1.4x1016 cm-3 ! !pe~∆z!

nb≈4x1013cm-3 << ne!
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Linear calculation (2D): microbunches with equal charge!

Chirp such that W enters with highest energy!
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Resonant excitation of PWFA in the linear regime!
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Resonant excitation of PWFA in the linear regime!
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Resonant excitation of PWFA in the linear regime!
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Resonant excitation of PWFA in the linear regime!
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Experiment: 2/`WB838a"?:\h"

Energy gain, 0.12MeV or ~6MeV/m!

Acceleration of witness bunch (also with 3D+W)!
Large energy loss, ~0.42MeV or ~21MeV/m (over 2cm)!
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Transformer Ratio:!

! 

R = E+ E" Energy Gain:!

! 

" RE0
E0: incoming energy!

Ramped Bunch Train*!

Q=15!
45!

75!

E-!

E+!
Bunch Train!

Resonant excitation of wakefields !

Kallos, PACʼ07 Proceedings! *Tsakanov, NIMA, 1999!

Q=30 pC/bunch, ∆z=250 µm≈!p! ∆z=375 µm≈1.5!p!

"r=125 µm, ne=1.8x1016 cm-3, !p=250 µm!

Large transformer ratio and energy gain (>2) !
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Must explore collider beam parameters!

Access QNL or weakly nonlinear regime at ATF!

Reach R>2 with 3 bunches, maintained over 2cm!

Experiments planned with J. Rosenzweigʼs group! ;@0<"EF"j$",92'"
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FDH – Frequency Domain Holography 

Observation  
Window 

Pump 

Plasma 
Wave 

Chirped Probe 
captures snapshot of 

several plasma wavelengths 

Chirped Reference 

To 
Spectrometer 

Frequency domain interference 
Of pump and probe 

FFT 

Probe phase  encoded in 
sidebands 

Map of plasma wave 

G()>/."EF"U$"x'9>R9yT"-$"+/B9.T"?@((9E$";)Do"%$"H@m2/0"

N. H. Matlis, et al., “Snapshots of laser 
wakefields”, Nature Physics, 2, 749 - 753 
(2006) 
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Electron beam in 

FDH reference 

Magnet 

Magnet 

FDH probe 

Imaged to spectrometer 

HV Hydrogen Plasma Capillary 

Schematic setup of FDH at ATF  

L~2 cm Length 1mm diameter ne ~ 1016 to 1017cm-3 
$p ~ 1.1ps to 0.35ps 

Spectrometer 

~6m  

~2m  

L9./0"b"YW32:T"#!"t"72:"

Fiber transport of laser pulses 
Probe/ref  generation 

Small phase shifts expected 
!! = (2"/#pr)!nL ~ 10-3 to 10-2 rad 

Larger phase shifts were observed in previous visualization experiments of LWFA.  However, here there 
is no background from intense laser driver. 

 !! 
Siders  ~10-2  rad   -  Multishot FDI of LWFA,  Siders et al., PRL 76, 3570 (96) 
Matlis  ~10-1  rad   -  Single shot FDH of LWFA,  N. H. Matlis, et al.,  Nature Physics, 2, 749 - 753 (2006) 
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Bunch shaping in time and charge using masking technique enables PWFA 
physics experiments!
(as well as DLA experiments, UCLA, Euclid TechLabs, …)!

Much interesting e--beam/plasma interaction physics can be done at ATF!
Resonant PWFA, large R, PWFA wake imaging, SMI, CFI. …!

Resonant PWFA excitation by a bunch train observed!

Large R experiments planned with RBT and triangular bunches!

Access to QNL-PWFA regime planned (with J. Rosenzweigʼs group, UCLA)!

Imaging of PWFA plasma density modulation planned using laser 
interferometry and Fourier domain holography (FDH) (soon with M. 
Downerʼs group, UT)!



!"#$"%&''()" *+,"-./0."%//12'"3456756386"

+o92<"F@&i"

+o92<"F@&"n/0F":&?o"D@"*+,i"

;@0<".&CC@0D/>"EF"-G"H/CD$"@I"A2/0'F"92>"JG,"XO,MZ"

+o92<"F@&i"


