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Diffraction Radiation production
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Impact parameter, h, – the 
shortest distance between the 
target and the particle trajectory π

γλ
≤

2
h λ - observation wavelength 

γ - particle Lorentz-factor

FDR
BDR

e

∼ γλ
h

Diffraction radiation (DR) 
appears when a charged 
particle moves in the 
vicinity of a medium



Advantages of ODR technique
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§ Non-invasive method 

(no beam perturbation or target destruction)

§ Instantaneous emission 

(quick measurements)

§ Single shot acquisition

(no additional error from shot-by-shot instabilities)

§ ~1-2µ resolution is achievable

(Linear collider goal – 10µm beam size with 1µ
resolution)



KEK – Accelerator Test Facility
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Maximum energy 1.28 GeV  (γ = 2500) 
Vertical (1.5 ± 0.25) × 10-11 m rad  

Beam emittance 
 

Horisontal (1.4 ± 0.3) × 10-9 m rad 

Vertical beam size (near the ODR target) σy < 10µ 
Horizontal beam size (near the ODR target) σx < 100µ 
Bunch length ~ 8 mm 
Single-bunch population 1.2 × 1010  
Energy spread 0.08% 
 

Electron beam parameters



Experimental layout
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Extraction line layout
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Beam size measurement using ODR from a flat slit
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Target – silicon wafer covered with gold

BDIR By P. Karataev, KEK

7mm

9mm

0.26mm

0.67mm

Silicon wafer covered with Gold
  - average roughness         20nm
  - average flatness        < 100nm
  - silicon thickness          0.3mm
  - edge uniformity        1 - 2 m
  - gold thickness                 1 m    

µ
µ

electron trajectory



Method for the beam size measurement
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Beam size, σy (µm)
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Beam size measurement
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Single shot OTR and ODR measurement
without the polarizer
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Optical filter λ = 550±20nm



ODR Interference for micron beam size diagnostics
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A method for the beam size measurement
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Modified experimental layout
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Measurements with photomultiplier

BDIR By P. Karataev, KEK

Target position (mm)
16.6 16.8 17.0 17.2

P
M

T
 / 

cu
rr

en
t

0

50

100

150

200

250

300

m45
2

Period

µ=
α
λ

=

Wire position (mm)

7.20 7.24 7.28 7.32

In
te

n
si

ty
 (

ar
b

. u
n

it
s)

0

20

40

60

80

100

120

140 σ = 10.21 + - 0.23µm

Estimated beam size:

( )
m2.14.11

2
Vln

4

1

µ±=
πα
λ

=σ
−



Measurements of OTR with ICCD
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Summary
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§ a new method for micron beam size diagnostics using 
interference properties of diffraction radiation was developed and 
tested at the ATF extraction line
§ the periodic behavior of the ODR pattern as a function of the 
target position was confirmed 
§ a single shot ODR measurements with ICCD was performed
§ the electron beam size was estimated and compared with the 
measurements with wire scanner 

• the measurements require very high beam current 5 1010

• it is a promising technique for extremely high energy electrons
like SLAC FFTB (γ = 60000)
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