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Abstract

A new principal and method to realize non-distractive and real-time electron bunch length measurement are proposed
and investigated. A surface plasmonic filed, associated with a coulomb field from the electron bunch, is resonated outside
the accelerator vacuum system through metamaterial media. The resonated plasmonic field is measured with the electro-
optic (EO) sampling technique at a distance in order to avoid radiation damages for the detection system.
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Figure 1: SPR-EOS measurement system via the surface
plasmon resonance excitation at RF photocathode gun test
accelerator facility, SPring-8/SACLA.
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Table 1: Expected Specifications of the RF Photo-
Cathode Electron Gun Test Accelerator Facility in SPring-
8/SACLA

*Electron bunch

Energy ~70 MeV (Max. 85 MeV)
Bunch charge 20 - 60 pC

Bunch length 20 - 50 fs (FWHM)
Repetition rate 10 Hz

*Probe laser pulse
Band width
Pulse energy

300 nm (FWHM) @ 795 nm
~10 pJ

Repetition rate 10 Hz
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Figure 2: A schematic of Au vapor deposited synthetic
fused silica plate.
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Figure 3: Calculated correlation between Sy parameters
and incident THz wave angle for 150 - 300 nm of varied
slit width with 20 nm of fixed slit depth (upper left) and
for 20 - 50 nm of varied slit depth with 200 nm of fixed
slit width (upper right) and a schematic of pattern design
provided on Au vapor deposition (lower).
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Figure 4: A schematic of the patterning flow.
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Table 2: Typical Pattern Dimensions of the Metamaterial
Layer

Slit width (concave) 194 ym
Slit width (convex) 206 pm
Slit depth 18 nm
Surface roughness +5 nm

Scanning mode : HR-XYZ + color
Size (pixel) : 1024 x 1024

Size (um) : 32 x 32

Object lens : MPLAPONLEXT 100
Magnification : x4
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Figure 5: Magnified surface image of the patterned Au
vapor deposition (upper) and a sample of the pattern di-
mension measurement (lower) by a 3D laser microscope
(OLYMPUS LEXT OLS4000).
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Figure 6: Bird’s eye view of a synthetic fused silica prism
in the Kretschmann configuration with the SPR substrate

(left) and magnified view of the SPR substrate with Au va-
por deposition (right).
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Figure 7: A schematic cross section of the SPR-EOS cham-
ber (upper) and a prototype of the SPR-EOS chamber
(lower).
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