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GeV channel guided acceleration
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latest Gemini GeV channel guided acceleration
mm to 21 mm since we increase the spacing between dielectric apertures to 3mm based. The gas 

injection was also changed: we added two new independent gas injection lines to the end cells so a 

discharge through the gas feeding system becomes less probable as well as to make the device 

compatible with future experiments in preparation. Finally a completely new design of the device was 

performed in order to solve some vacuum sealing problems as well as reduce the cost of the 

construction of the gas cell main body by about 1/2 (now costing about 600"). 

The design of the gas cell main body was made using one of the most advanced CAD systems in 

order to provide advanced training to the students in our team. The prototypes were produced by 

high-resolution stereolithography by a Portuguese company. The resin body received precision laser 

machined ceramic plates with the dielectric apertures aligned on axis by a straight tungsten wire of 

matching diameter. The development of refractory tungsten electrodes was not carried out due to 

insufficient funding and new cooper electrodes with 150 micron diameter holes where developed 

based on the previous design (this option limits the device lifetime to about 100000 shots due to 

cooper evaporation).

In Fig. 1 we can see a picture of the new device partially installed on the test facility at Laboratório de 

Lasers Intensos.

figure 1: Gas cell device partially installed at test facility for vacuum and DC discharge initial tests

POCI/FP/81925/2007 - Final Scientific Report

! 4

R. Bendoyro, at al., IEEE Trans. 
Plasma Science, 36, 1729 (2008)
C. Russo, et al., submitted  (2013) 
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Energy 

y 
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optically induced injection - Gemini
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latest Gemini density modulation injection

700 
MeV

250 
MeV

400 
MeV

charge 50 - 250 pC 
energy 300 MeV - 650 MeV
beam diameter ∼ 1.3 mm 

divergence  ∼ 2 mrad 

pointing ∼ 8-10 mrad

minimum energy spread 8 MeV/460MeV  

< 2% (main spot on last shot on image)

 gas cell with density step 
first subcell density 1.2x1019 cm-3

remaining cell 3.4x1018 cm-3

laser energy ∼ 4.3 - 4.9 J 

a0 ∼ 1.6

Tuesday, 4 June 13



ionisation injection
Rowlands-Rees, T., C. Kamperidis, 
S. Kneip, A. Gonsalves, S. Mangles, 
J. Gallacher, E. Brunetti, et al. 
“Laser-Driven Acceleration of 
Electrons in a Partially Ionized 
Plasma Channel.” Physical Review 
Letters 100, no. 10 (March 2008): 
105005.

Pak, A., K. A. Marsh, S. F. Martins, 
W. Lu, W. B. Mori, and C. Joshi. 
“Injection and Trapping of Tunnel-
Ionized Electrons into Laser-
Produced Wakes.” Physical Review 
Letters 104, no. 2 (January 2010): 
025003.

McGuffey, C, A G R Thomas, W 
Schumaker, T Matsuoka, V Chvykov, 
F J Dollar, G Kalintchenko, et al. 
“Ionization Induced Trapping in a 
Laser Wakefield Accelerator.” 
Physical Review Letters 104, 025004 
no. 2 (January 2010).

Clayton, C., J. Ralph, F. Albert, R. 
Fonseca, S. Glenzer, C. Joshi, W. Lu, 
et al. “Self-Guided Laser Wakefield 
Acceleration Beyond 1 GeV Using 
Ionization-Induced Injection.” 
Physical Review Letters 105, no. 10 
(September 2010): 105003.

Tuesday, 4 June 13



ionisation injection - staged

Liu, J S, C Q Xia, W T Wang, H 
Y Lu, Ch Wang, A H Deng, W T 
Li, et al. “All-Optical Cascaded 
Laser Wakefield Accelerator 
Using Ionization-Induced 
Injection.” Physical Review 
Letters 107, no. 3 (July 2011).

Pollock, B B, C E Clayton, J E 
Ralph, F Albert, A Davidson, L 
Divol, C Filip, et al. 
“Demonstration of a Narrow 
Energy Spread, Similar to 0.5 
GeV Electron Beam from a Two-
Stage Laser Wakefield 
Accelerator.” Physical Review 
Letters 107, no. 4 (July 2011).

Tuesday, 4 June 13



latest Gemini ionisation injection
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Betatron Oscillations directly observed
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latest Gemini betatron results
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