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Abstract

We are developing the ultimate non-destructive monitor to measure 6D-phase space charge density distribution of
electron bunches shot by shot. Our single-shot 6-D bunch monitor consists of four or six 3-D bunch charge distribution
(3D-BCD) monitors based on triplet 3D-BCD elements installed in non-dispersive and dispersive sections of a beam
drift transport line. We are planning to use these non-destructive triplet bunch monitor components, not only for a 3-D
bunch (3D-BCD) monitor, but also as an electron energy chirping monitor in dispersive sections of the injection line for
SPring-8 II from SACLA linac. In 2013, we upgraded the SPring-8 photoinjector test facility to be able to accelerate up
to 85 MeV and installed a magnetic chicane to compress bunches down to 30 fs (FWHM). A 3D-BCD monitor evolved
from simple encoding of EO sampling into a multiplexing technique with a single probe laser pulse for multiple EO
crystal detectors in a manner of spectral decoding (demultiplexing). We realized demultiplexing as an imaging
spectrograph with eight-track simultaneous detection in the area array CCD of a high-speed gated I.I. camera.
Transverse detections of bunch slices are done by analyzing the higher order moments of the bunch slice charge density
distributions. For achieving the upper limit of temporal resolution, we are preparing to combine high-temporal-response
EO-detector organic crystals and an octave broadband probe laser pulse with a linear chirp rate of 1 fs/nm. We are
developing an EO-probe laser pulse with ~10 pJ pulse energy and bandwidth over 300 nm (FWHM; flattop spectrum).
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Figure 1: Outline of the XSBT as a beam diagnostic
line. The installation points and numbers of 3D-BCD
monitors are indicated.
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Figure 2: Schematic drawing of 3D-BCD monitor
based on EO-multiplexing technique, utilizing

simultaneous detection in imaging spectrographs
with multi-track (eight tracks) of area array CCD of
an image intensified (I.I.) camera.
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Figure 3: 3D-BCD monitor element with 8§ EO
crystals in vacuum chamber.
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Figure 4: Three different types of EOS test chambers
at the magnetic chicane bunch compressor of
SPring-8 photoinjector test facility.
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Figure 5: Schematic drawing of generation of
broadband linear-chirped laser probe pulse with
square-shaped spectrum (red line: 230 nm
(FWHM), 660 fs (GDD introduced by DAZZLER:
+1000 fs%)). The 460-nm pump laser pulse is
generated from Nd: YAG laser (SHG: 532 nm)
pump pulse and the super-continuum signal pulse
with additional NOPA stage.
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Figure 6: Chirp scan measurements of probe laser
pulse. Adding GDD of +1000 fs* by DAZZLER, a
linear chirped laser pulse was generated with a
flattop spectrum (a wide spectral plateau region as
shown in Fig. 5).

\Z, Fig. 6 [T ¥ & 9 B FH#F DAZZLER %
HWleTF ¥ —7 « 2F ¥ AEIC X D@k O
AL, ThEoEBAMiEH O DAZZLER ~O
T 4= R Ry ZHIET 5 2 LT, BILEER O KR A
R MVEREBIZRIET ¥ — b3 25 Z LTk L
7o, BNV TFEHANCMT 210X, ERD T
1000 counts &2 DIZHIFETHLI L XN B /L AT
FAF I 10 W THDH. 2O OMINHIIE
MEes (OPA) ZBHRE L7 (MO THD) .

5. FEHESHRDODRE

AN TFTIND 3R ITEA AT & FEREN D v
Tov-va sy MEHIIT 5 R, Fax nttRTro
TEREBILE- 0 Th s, —EHOEMRABRLZH L T,
BED EO fifhaE v —AHuEDE V IIZEE LT,
H—p 1L —¥¥% (B0 u—7%) TR a—
T3 LA AN LT, SERICm 2 D4/ % EL S
RAFRE L2 & T, 6 Wi ZEMEHR 2 2R
BT T DB EL TWA. £77, VAT A
DO urNA MMEZR EFER Iz m T TR TR E ST
Zx DN, BHEUNICERELY AT D EERSE
HTEEMEMAELE LTEIFTWA.

ZDOXDICKBFFHH T AT M D &, HilfER
OB b EEIZR D720, FPGA B O 7ok v
WEE D F b 21TV, VAT LKA RS LT HiR
ETDIVTNEA LR (T4 7T 2 —HHEOIEH)
EIETDH L AR LTV D,

72, MSATEOE NPEEBMR AT CTIE, S
N RN =7y ZREaiZ BT, ODR THAT
BT IMRIEDT T~V & T B — LEOMT
EREEZIT) E=F —F&2HEFE L THEE LTI
X BRI TR =X — O R AR
bt 27200847 a e LT, AE=Z—D
BRI O FIIALE ST TWVWBE DD —D2ThD.
oMz, TE=X—V AT BT MET D
HIgA T g E3OABELTNA.

RGN o F R A AT O B 746 di O el 13 1%
DAST f&ft CTd 5. Fix 1L, EUV-FEL i RBRINEHZIC
T DAST #igax HWTHRTHIH T E /X FD
EO ERHIRICKII L TWAE, L, WANA
CRAE LR E, EO F xS — s o fE B 2 R
=N 100 Gy ## x5 &, EO 3 55E (B—7)
DR TT 252 ERMRINT-. EEORBMELT
DOEHAFEER T, BR[O OTR 27 U —r% AN%
BRICIIT BO flidh 2 Gl X 5 7p U Ok
DI EEER S TODH, ARG WIFRERI TR 5 O Ko
WIEDm ERNMETH S, Lizn->7T, EO 55
T DR 2 fR A9 2 72 O OWFZE L EAE (lG) T
TV SR — L LR L CiTo TV A, F
72, EO FEroMEmEICBLT, 7T=—U7¢
A ATE B - B IE O AR 6 1 IEWENL L TR Y, EO FF
& U CISERMB RS IZT SV TN 5.

RS T, 30 fs (FWHM)D R FEOFHIILES
FEH L TRV, LavL, MEZRBEFEIN & B
WA TITEROBICE L TEY, o EO #hshfE
ORI T, o FEFHTED

-74 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

BFH L2 B, EO ¥ 7V o 7 OB 5 fRbe DR
REBERICEMOT-WEEZ TS, 22T, CTR
D<A TR E VT E A B — AERIES
L TCHETOMEZ SETHEE -V, BE UL
TIX, 7LV AOHFIZ 1L EEU EHFETHRETHY,
10 THz 1335 30 um 72D T, 100 fs L 0 HHV LA
IEFEELRWITTH D, 20 fs D7V AT, HE
6 um XU ELNFRAA~ETHL - SN OB H LT
WHEEZDLDONZLTHD. BRENF (EFHEG—
HA%, AR OMIE=E) TiX, 7= b MR
NU—2 1 AT ORI fRREZ @m0 T 2, T E
RELL 72 b NPETFNANVTORERERA LB
B2 TS, LnLns, 52 20 fs D7V A
ZHIEMN LT ONREKRYTHDL ETHE, CTR A
A7 ML e LU TTERSUTHEE TV AR 2R D
REIZEE L TWRWEHRSD AT ML ERTZ &
2720, T FIESCWIE HIEZE O b DD EE > TV
HELMEVLINRW. FZ 1 fs DB A NRUFD
FAERDOMER L b 72 E, BIMETOREFH %
L2020 Tchy, HoMMTo TN D
FOMECTITEH TH D, ME2NEDLARLTHS.

Bt

ARFFED 3 IRTT/S > F B34 s SR O RFZE
BEREE O — 58I, B aF & LA 22 (B) FREE 5
23360045 (fRFEFE : B |, B (C)
RS 24560535 ({R#FEH : mHEH) (3BT
BRETHD. Z0HL, FUTMEIEEZEFITEHLT
X, FERAFE (C) BREEES 20612024 (IREFH . &
B CHREREINT-HDOTHS. Fi-, BUEELT
D 6 It AR ZE M FHRI R OBFFEBI R IZ RS L T,
HAEREZE (A) RREE S 26246046 (RFEHE - BiBE
) Ik EESnTWAS.

SEXH

[1] H. Tomizawa, et al., “Feasibility Study of Single Shot
Realtime Non Distractive Three Dimensional Bunch Charge
Distribution Monitor,” Proc. of the 7th Annual Meeting of
Particle Accelerator Society of Japan, Himeji, Japan, 4-6
August 2010, pp.307-311.

[2] Y. Oyamasu, et al., “Feasibility study of a single-shot 3D
electron bunch shape monitor with an electro-opticsampling
technique,” Phys. Rev. ST Accel. Beams 16, 052801, 2013.

[3] H. Tomizawa, et al., “The First Demonstration of EOS 3D-
BCD Monitor to Maximize 3D-Overlapping for HHG-
Seeded FEL,” invited talk, Proc. of the 2nd International
Beam Instrumentation Conference (IBIC2013), Oxford, UK,
16-19 September 2013, pp.1-3.

[4] A. Kiyomichi, et al., “MicroTCA-Based Image Processing
System at SPring-8,” Proc. of the 19th Real Time
Conference, Nara, Japan, 26-30 May 2014, in press.

[5] K. Fukami, et al., “Transport of ultrashort bunch to the
storage ring in SPring-8,” Proc. of the 10th Annual Meeting
of Particle Accelerator Society of Japan, Nagoya, Japan, 3-
5 August 2013, pp.406-409.

[6] T. Taniuchi, et al., “Test bench for ultra-short bunch monitor
at SPring-8,” Proc. of the 10th Annual Meeting of Particle
Accelerator Society of Japan, Nagoya, Japan, 3-5 August

PASJ2014-SAOMO06

2013, pp.392-395.

[7] T. Taniuchi, et al., “High Power Test of Low Dark Current
Accelerating Structure,” Proc. of the 8th Annual Meeting of
Particle Accelerator Society of Japan, Tsukuba, Japan, 1-3
August 2011, pp.1286-1288.

[8] H. Tomizawa, Japan Patent Application No: 2007-133046
(Japanese Patent No.5165278).

[9] H. Tomizawa, H. Hanaki, T. Ishikawa, “Non-destructive
single-shot 3-D electron bunch monitor with femtosecond
timing all-optical system for pump & probe experiments,”
Proc. of the 29th International Free Electron Laser
Conference (FEL2007), Novosibirsk, Russia, 26-31 August
2007, pp. 382-385.

[10] Y. Taira, et al., “Observation of radially polarized terahertz
radiation generated by a sub-picosecond electron beam,”
Vibrational Spectroscopy, 2014, in press.

[11] 1. Nozato, et al., “Measurement of < 20 fs bunch length
using coherent transition radiation,” Phys. Rev. ST Accel.
Beams 17, 072803, 2014.

-75 -



