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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 damges for the detection system.

1. B=E

Tz PRHE BTN TFITONT, MIESREZER
DI TRITE R ~DOFEEE KIS T 2 Z & 7a <, FEK
e UTAE A AT FEFHE AL 3 55T
EOEREZHIET, BZEX 7 MIRITIEAZ~T U T
EEIANCTFERRNO 7 —a UG TRE S 7 XE L
(Surface Plasmon Resonance : SPR) ZE.2Z2 % 7 ~HM i)
EEtE, 2o SPR BTV 7Y 7 (EOS) Tik
45 HER (SPR-EOS) #B%+ 5, HIEL 4 5ET
N FF1T 30 fs (FWHM) Th 5,

HHEE L —VF—II#EROBE N TFEIZOWTL,
WERAN) =2 HDAFRRF T4 7L H—, at—
Ly MIEREHANG & % S o FREERH M T T & 72,
2000 ERAIFED H 1T, GaP =° ZnTe & W\ o 72 HERER
VA BO fldhZ V., FEEE - U 7L A SFHIAE
WL, FEdhEA O THz SV X v, B4y
fEBEIX 100 fs (FWHM) FEEEICHIR STV 5, 2012 4F
Wi, #t fs (FWHM) OREfE] 3 fiFREDS HOA 5 A
AN v A EO fEdaic X 5 EOS B, Fex D7 —
L R T TEI U2 W BRIk 5k
SR A JRIA &3 2 R R OAR T AE & 72 o 72,

A5 T, SPR 22N T 572007 Ly
T~ UEER T ) X AOfEE, 727 ) ALCERET D
AR =T U T IAEE ORI, IRATE T 57200
AB<T VT NNE— 2 DRI DWW TR &2 s
T 5,

2. SPR-EOS DOJR#

SPR-EOS DL, & 11 [0 A RAMEIIEREDIC
T Lo B W ISR 2 /9 5,

Figure 1 {Z SPR-EOS & v F 7 v 7 OREWT A& X
Zord, 20W x 100 x 208 mm3 FLEE DA R ALY
RN, BN FOMITHENIH L, 7 Ly T~
BCTHEZET o N—IRETDH, TV ALETF R —
DA FT1E1X, VacsealY ZAHE L TV 5D, BRATTIX,
1) AR 7Y X AN IS 1 & AN R &
D, FERLELTTY XLDEIFRNED->TLE D ATHE
MRHDZ e, DEBDOAX~T VT VE~T L ML
727N R EZHLUCHRBR LW Z 2Rl 8L
2, 7Y X AOKZMNTIE 50 ~ 100 nm FLEE DJE A
D& (&, ], T =0 L% HEELKET D, &

* okayasu@spring8.or.jp

Pockels EO
Probe Iaser\ . crystal
O
Dielectric <% Au-plated
Kretschmann

multilayer mirror

Electron bunch
—

Vacuum
chamber duct

20 mm

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 Accerelator Facility in SPring-8/SACLA
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Figure 2: Calculated S1/ parameters (reflectances) com-
paring three planar metals; Al, Ag and Au. An incident
electric field distribution for CST STUDIO SUITE calcu-
lation is also superimposed.
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Figure 3: Caluculated S7// parameter correlating with Au
layer thickness and incident angle of the Coulomb field to
the Au layer.
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Table 2: Refractive Indeces of Various Synthetic Fused
Silica Glasses

BRSO TR

PR @ A=9 umm

N-FK51A (SCHOTT) 1.1487
BSC7 (HOYA) 1.2289
BAF10 (HOYA) 1.3014
E-SF11 (HIKARI) 1.3690
S-BSL7 (OHARA) 1.4233
ZF13 (CDGM) 1.4323
ZF4 (CDGM) 1.4536
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Figure 4: Calculated reflectance of Coulomb field at the
metamaterial surface depending on refractive indeces of
various synthetic fused silica glasses.
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Figure 5: Patterning processes for the SPR-EOS metama-
terials.
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Figure 6: Calculated electric field (E.) distributions on
the metamaterial surfaces with two different piller patterns.
Different hole size; ¢S50 nm (left) and ¢60 nm (right), 40
nm depth and 80 nm steps are common for each case.
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