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The development of 3D electron bunch monitor with femtosecond resolution

TOMIZAWA, Hiromitsu
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3D-BCD monitor enables non-destructive measurements of the longitudinal and transv
erse BCD at the same time. We verified this transverse detection with multiple EO crystals at SPring-8 pho
toinjector test accelerator. In the high-order harmonics éHH) FEL seeding, it is required to maximize and
keep 6D-phase-space overlapping between HH-laser pulse and electron bunch. We constructed a relative timin
g drift monitor based on EO-sampling, which measured the timing differences between the seeding HH-laser p
ulse and the electron bunch, using a common external laser source of both HH-driving and EO-probing pulses
. Keeping the peak wavelength of EO signals at the same wavelength with our feedback sKstem, we provided s
eeded FEL pulses with a 20-30% hit rate during pilot user experiments. For achieving the upper limit of te
mporal resolution, we developed high-temporal-response EO-detector crystals and an octave broadband probe
laser pulse with a linear chirp rate of 1 fs/nm (flattop spectrum).

EO EO FEL 3
EO EO



XFEL X
XFEL
X
X
1)
2)
1 @
200 fs (FWHM)
SPring-8 2011
SACLA
XFEL 8 GeV
1.3 GeV
10 m
EO EOS
110 fs
(FWHM) 10cm
EOS
FEL
3
@ @
SPring-8
RF
EUV-FEL EO

FEL
;jp":ﬂﬁm radid polarization  hollow shape
I O Hronbaeh

=l=H<{
i
wlul

i
Wi 2=

Axicon lenspar  Timing shifter

(@ Organic EO crystal with @, ®
radially distributed c-axs @ @

or
(b) Amorphous Kerr meteria

Fresnel-Rhomb-type
Beam Splitter waveplate
|aser spectrum
1
1)
30 fs (FWHM)
EO
350 nm
(DAZZLER)
(2) EO
30fs
EO
EO 110 fs
(FWHM)

DAST (4-dimethylamino-

N-methyl-4- stilbazolium tosylate)



Pokels EO
Kerr

(@)
EO Pokels
EO

Kerr EO
(b)

®3)
EO

600-1100 nm

RF
10 Hz

EUV-FEL
30 Hz

EO
EO

(HHG)
FEL

Signal encoded at
different wavelength

Different delay

Radial pol.

Hollow laser  Timing shifter

EO signals

AN

Into Spectrometer

Laser Spectrum

EOS

Q) EOS
10 ps

EOS

nm; 200 ps)

EO

Rislay Prism

Ti:Sa (792

EO
A2\ 14

Radial Convertel

Axicon Lens Pai

Delay Line

4

(a)

g Polarizer
Spectrometer-!-l— % :
Analyzer "4 - N ]éx Prisms A4 A2
l Waveplate
Octagonal Pyramid Mirror Azimuthal Timing Shifter
BPM
:1 ]
D:‘:t: | :
BPM Bunch
EO chamber from Photocathode RF Gun
. Glass | n@768nm
o nl | S-FSLs 1483
n5=1.58) =515 [Ty [ eNsLs | 1517
n3 [ sBAL12 | 1534
nd [ S-BAL41 | 1558
n8=1.648 m3=1.532[ 15 | SBAL3S | 1.583
n6 | S-BSM4 | 1.606
W=1620 T n6=1.604 n7 [ sBsMig | 1631
n8 | sBsm25 | 1.650
Rod length: 120 mm 50.8mm The names of optical glass are

from the catalog of OHARA Inc.

signal (ave)
baselave)

sub{ave)

L L L L
780 790 800 810 820

Wavelength [nm]

L
770

350
300
250
—_
3 200
=
£ 150
g 100
~ 50
0
50
760
(b)
180
160
-
= 140
Z 10
Z
5
= 10
0
60
0
5

I
20

10 30 40 50
Data munber
EOS( )
EO



(&) Pokels EO
EOS
EO

EO

10 ps

10 ps

12 cm

0.02
10 ps

EO ZnTe EOS
ZnTe

n2 n8

(a)
1.3 nC @ (i)
110 ps (11 nm)

EO

() (i)
Peakl Peak?2 (b)
(rms) 12%
13%
@i)/() 13%
10% @i)/(i)

()+(i)
13%

(D)+(i)

()+(ii)
10%
EO
EO

8%

EO 80pm (rms)

30pum (rms)
EO

(2) HHG
FEL SASE (Self-Amplified Spontaneous
Emission) SASE  FEL
FEL
FEL
HHG
VUV~XUV
FEL
HHG
FEL SASE
MOPA
ASE
FEL
FEL
SASE
SASE
EUV-FEL
50 fs HHG
500 fs
HHG
EO
HHG

EO



Laser source
I:‘ DAZZLER Half waveplate
AO-modulatol
HHG-driving ]

olarizer

EO-probing
Glass-blockbulk stretcher
4 EO crystal:
E 3 Fiberspectrometer /7| | 2"
HHG chamber A
filled with xenon gas > = ol -~

g = In-vacuum undulator
EO chamber

6 EOS HHG
SACLA
EUV-FEL FEL
SASE
OSASE
SASE OSASE
Toase FEL lp
k (

ly =l —lopse )/ Cinse

IN>60 FEL
13
(61.2 nm) FEL
SASE
20~30
HHG
4ty ‘ T T
= #Qg} : > 605
E‘ 62.5 lﬁi# lioiAoS;; 60sse| |
£ |4
N i
g 61.5 |
8
61.0 _
0 10 20 30 ©
Normalized Intensity
7 HHG FEL
SASE
3) EOS
30 fs
EO DAST
EO
DAST
20 fs (FWHM)
EUV-FEL

DAST

EO
EO

Ti:Sapphire Osc. A-g

400

360

2w Wavelength [nm]

250 nm

00nm

PCF

EO

EO
100 Gy EO
EO
30 fs (FWHM)
DAZZLER

m
DAZZLER
+Grism

A=630nm~980nm

DAZZLER

30 fs (FWHM)

Supercontinuum shaped by DAZZLER

6000

5000 —

4000 —

3000 [~

2000 [~

Intensity [au.]

1000 —

e

[ T

700

-1000fs?

§

750 800 850 900 950

Wavel

-2000 0
D? [fs?)
440 || -6000fs*
400 \
360 | [
-2000 0 2000
D? [fs?]
9 DAZZLER

ength [nm]

+1000fs?

¢

0 2000
D2 [fs?]

D2 [fs7]

+6000fs?

' 4

-2000 0 2000
D? [fs?]



Feasibility study of a single-shot 3D
electron bunch shape monitor with an
Electro-Optic sampling technique
Phys. Rev. ST Accel. Beams

Vol.16 2013 pp. 052801-12

DOI :10.1103/PhysRevSTAB.16.052801

Journal of the Vacuum

Society of Japan Vol.55 No.2
2012 pp. 50-58
DOI :10.3131/jvsj2.55.50

Design

study of beam position monitors for
measuring second-order moments of
charged particle beams Phys. Rev. ST
Accel. Beams Vol.15 2012
pp. 012801-9

DOI :10.1103/PhysRevSTAB.15.012801

EO
68
27-30 March 2013

The First Demonstration of EOS
3D-BCD Monitor to Maximize 3D-
Overlapping for HHG-Seeded FEL

IBIC2013 Oxford UK 16-19 Sep. 2013

5165278

XFEL

@

®

*

XFEL

®

XFEL

©)

)

C))

®

(10)

TOMIZAWA, Hiromitsu

40344395

DEWA, Hideki

20360836

SUZUKI, Shinsuke

00416380

TOGASHI, Tadashi

60415239

MATSUBARA, Shinichi

90532135

OKAYASU, Yuichi

90509910

MINAMIDE, Hiroaki

10322687

TANIUCHI, Tsutomu

60360822

MIZUNO, Akihiko

30360829

YANAGIDA, Kenichi

10529564



