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Compact Accelerators for 

Cargo scanning 

applications

http://www.e2v.com/
http://www.rapiscansystems.com/index.html
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Proposed X-band Scanner Schematic
DC Electron Gun

Buncher and Accelerating Structure

(1 MeV)

*e2V collaboration
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Dynamic switching of amplitude 
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Compact X-band 

Applications
Å Low Energy, Low Output:

ï 1 MeV, up to 2 cGy/min at 1m @ 100 Hz.

Å Air cargo screening inspect a full ULD:

ï No system currently exists to achieve the 

required penetration and spatial resolution,

ï A 1 MeV based LINAC inspection system 

has the potential to open up this new 

market sector.

Å Mobile screening with a small exclusion zone:

ï Current mobile screening systems require 

40m x 40m exclusion zone protect public.

ï A low energy and dose rate LINAC can: 

Åsignificantly reduce the exclusion zone 

footprint,

Åallow scanning in public areas i.e. sporting 

events, car parks, concerts, etc.

http://www.rapiscansystems.com/eagle-M4500.html
http://www.rapiscansystems.com/eagle-F9000.html
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/2 Standing Wave Cavity
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Bi-periodic structures are more 

stable to frequency jitter caused 

by the magnetron when the 

upper and lower passbands 

converge.
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Cavity optimisation

The optimal cavity shape for the linac is based on,

1. available RF power Ą total lossesĄ high shunt impedance

2. available space Ą short structureĄ high frequency, high gradient

3. manufacturing costĄ cavity geometry Ą re-entrant or non-reentrant

surface preparation Ąpeak surface electric field

1.75 mm

16.129 mm

13.39 mm12.747 mm

Rsh=131 M /m

Q0= 10000

for 25 MV/m operation,

Esurf= 44 MV/m

Hsurf=0.07 MA/m 

T=30K for 2 s pulse

Properties
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Trade-off between gradient, length and losses

For final energy of 6 MeV and beam of 85 mA peak
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RF bunching and focusing

Solenoids are unacceptable for compact applications. Hence RF cavities 

themselves are use for focusing suing electric field in the injector section 

until an energy of nearly 1MeV ( =1) is reached.

1. The first cavity of the structure act as an electrostatic lens which capture the DC 

beam from the gun

2. The beam then sees an axial electric field increasing with time (-ve synchronous 

phase) for velocity modulation and bunching

3. The bunches then see a decreasing field (+ve synchronous phase) for radial 

focusing
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RF OFF RF ON

Trajectory of 100 particles
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Crab cavities for CLIC and 

CTF3

http://public.web.cern.ch/Public/Welcome.html
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SLAC High Gradient Tests

We are planning to construct a 11.424 GHz 7 cell travelling wave crab cavity in 

order to perform high gradient tests of the structure.

frequency 11.424 GHz

phase adv. per cell 120o

mid cell mode ~ TM110

mid cell lengths 8.747 mm

iris radius

iris thickness 2.390 mm

mid cell dia. 28.986 mm

end cell mode ~ TE111

end cell dia. 44.000 mm
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Structure Design

In order to have low fields in the 

matching cells we use the TE111 mode 

in the matching cells and the TM110 in 

the middle cells only.

TE111

TM110
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Cavity Match

The five mid cells 

show a good field 

flatness and the 

reflections are low 

at the operating 

frequency.


