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Abstract

At Waseda University, we have been studying a high quality electron beam generation and its application experiments
with Cs-Te photocathode RF-Gun. We have already succeeded in generating a stable high-charged single-bunch electron
beam. To generate more intense electron beam, we designed a multi-bunch electron linac and developed the multi-pulse
UV laser which irradiates to the cathode. On the other hand, we adopted the method of the amplitude modulation of
the incident RF pulse to the S-band klystron in order to compensate the energy difference in each bunch. Furthermore,
considering the results of beam diagnosis, we are planning to improve the UV laser system to achieve higher intensity and
to stabilize the intensity. In this conference, we will report design properties of our multi-bunch electron linac, the results
of the beam diagnosis, and present status of the improvement.

O000ddooodCs-Tel000O0O0O0RFOOOOOOO
oo ooonoogd

1. 0000

OoOoO0O0O0OoRFOOODOODOOOOOOOO
oboobooboooboobooobooooobobooboooo

gboobooobgoobobooboboboobobo

gbobooobobooobooooboobooboooo
O0000oooooooooOg (2mx 265mOo0O0O
ubobooobobooobobooobooboooon
obOobOoobooboooobooooboooooo
obobO Xoooobobooooooooooooo

0000000000000 oOoooooooo Melg

000D00000000000000O0D0 cu00OO
00000000000 Cs-TeDOOOODODOOOOO
O0O0ORFOOODOOOOOOOODOOODOOOD
0000000000000 000D000000000
0o00D0ODOO0OO0O0O0OO0 Blopoooooooooo
000000000 XO0ODOO0OO0O000000000
00 X0000ODDODO0O0000000000000
00000000 XO00O0O0O0O0O0OoOoOoooooo
0000000000000000D0D00000000
000000000000 D0000000000000
00000000000 00000000000000
0000000000000000000000000
000000000000 000D0000000000

*Work supportedy JSPS Grant-in-Aid for Scientific Research (B) (2)

16340079 and a Quantum Beam Technology Program of JST
T trp-gill@asagi.waseda.jp

0000000000000000D0D00000000
000000000 UOD0O0OO0O0O00O0D000O00n
000000000000 0000000D00000
0000000000000 D0O0O00O0OORFOO
O0D0000000000000RFOOODOOOO
00D00000000000000000000000
000000000000000000000000
ooooooWoooooooooDoODODOOOOOOO
000 AAMethodOOOOOODODODOODDOODODOD
ORFODDOOOOOOOODOOOODOOOOOOOO
OooooooooooooBloooooRFOODOO
000000000000
00000000000000000000000
0000000000000 O0D0DIROOODODOOO
000000000000 000000D000D0000n
gyDDDDDDDDDDDDDDDDDDDDDDD
0
00000000000000000000000
000000000000000000D00D00000
ooooooo

2. DOo0bOoobOobDbOobooobOoo

gogboboooooboboooboboooobobogaa
oboobooooboooooooboo

e OO0 DODOOODLDOOODDOOODLDDO
OooobDoOoobovuwoooooooooo



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

e JO0OODOODOOOOODODOOODLOODOODOO
obOoooobooboooobobobooooo
ooooooooo

e JUUDOUDDOODLDODLDOOLODOODOODO
gboooobooboooobooboobooooo
gooaobood

gbooooooooooobooooobooooooon
oood

21 000000 uwuwOoOoOoooooooDo

000000000 OPUlrise-VO OOODO Nd:YLF
O00oooooooooooDD 119MHZO IRO O
ooboooobooobooooboooooooboooon
ooobooobooobooboobooboobobooboooo
uvioooooooooooooooooooD 100
gooobvuvbooboooobooooobooooooo

Pulrise-V
Nd:YLF

119MHz mode—locked

Flash Lamp pulse laser

IR

,/1/2

Clean Booth
uv

Pulse train
picker part

Faraday
Isolator

Intensity Modulator

RF-Gun ¢—
0O1000000ouvoooooooooooooa

obooooboobOooboooboobOooooobon
ooooooooooooOoLNDDODODOOoOooooo
gooboooboooooboboooboooobbooooono
oobooOooobooooooooobooboboooooon
oobooobOooooLNDOOOoOobOobooobo
gboooooboooooon

coooovuvioooooooooooooooo
oooooboo Lwlbooooooooooooooon
OO0 Lb3-pas 1000 0O0OFLOOOODODODDOO
OO000O000Q0C0 Fr2-pass100DDODDODDODOO
IROODOOOOOOOOOOO 84pdipulselCOOOO

LD3-pasd] O 1.26uJ/pulsél FL2-pasd] O 25.2uJ/pulse

000000000 1.5x10°0002000000000
000000000000 o0oUoOooOoooUoOoo
gogbgooboobooboobuoobooboobo
O0O00ooO0oOoooooooo
O000000000O00oO0oOoooooUoOooo
00 1047nm0O IRO OO OO 523.5nm (Greenp OO
O00000000O00O0O0O0O0OO0O0OOOd Greeno O
o0 2e2nmUV000000O0O0OOOOOOODOOO

OO0O000O000000000Oo00o000d IROGreend

uvoOooooooooooooooooooooboo
ooboooooboobooooooooooooooo
0000 BBO(BaBO,) OO OOOOOOOOOOOO

000000000 70%050%] 000000000
OIIROODOOOOOODOOOOOOODOOOOO
oobooooboouvioooooooooboooo
1% 000 0.25ud/puls&x 00 00O

22 JO00O0OO0OOO0ODOOOODODOOO

obooooobobOoocoobooooboobooon
oooboboooobooooobooboooooboooooon
ooobooooobooOooooboocooboooooooon
oooboooooboooooboboboooobbooooo
ooboooooboooooobooooobooooooon
oobooOobooobooooooooooobooooon
goboobooobooooboobooboooboooo
000000 84ns(119vVHzO OO OOOOOOOO
oobooooobooboo0obO0bORFOODOODO
boboooobooboooboobooobobooo
Oo00o0o0O0oooooooooooooonD RFOO
ob0oboooooobooo 4esbObonooooono
000200000000 RFOODOOOOOODOO
000000000000 200000000000
gobobooobooooboobooboooboooon
ooboboooooooobooooobooobooooon
00000000000 AAMethodDOOOOOOO
RFOOOOO 2O O000000COOOO0OOOO
000000000 2bo0oO0O0O0ODbO000oooo
ooooOoOOoOoooooooooDoDOooObOD RREO
ooooobooboooboooon

Py
(1 —exp (—t/ty))?
000 ApOOOOOOOOOOOOOOOOOOO00

O0RFOOOOOO0O0O0O00OO0O0¢t, 00000000
oooobooo

(a)

12

P(t) = (1)

(b)

RF Power [MW]

— Non-Modulated
— Moded

Voltage in Cavity [MV]
o = N © ~2 a o

— Non-Modulated
— Modulated

-1 0 1 2 3 4 5 6 -1 1 3 5 7
Time[ 1t s] Time [tt's]

02 (@00 RFODOO (b)D0OOOODOO

RFOOOOODOOODOOOOODOO RFOOOO
ooboboooooboooobooooooooboogon
00000000 )Uobooooooooooooo
OO00oo0OO0oO00O0OO0ORFODOOODOOODOOOO
goobobooooobooooooboooooboooooo
gooboobobOoooboooooooooooon
oboboooboboooboooooobooboooon
Ooooooo0oooboD0D40000RFODODOOOO
ooobooooobooooboooooboooooon
OO000oO0DoO0OooOoDoO 2usOOOOCODOOO
goboobooooboooobooooon

-607-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

Amplitude
Modulator

Function
Generator

O3RFOOODOOO

Phase X
Shifter RFAmp

Pulse
Modulator ~ Driver Amp
Signal

Generator

Divider ® Laser System

—— Non-Modulated
—— Modulated

B 0 omver | “UMT.00us A Cha 162V

0400000000000

23 J0O0OpoOoOooooOoooooooo

0000000000000 00000000000
goodoobbooooooooobobobooooooa
0000000000000 000D00000O00o0O0
O00000000000000000000 FCT (Fast
Current Transformer)] BPM (Beam Position Monitor)l
0000000000000 000000000goQn
doodooodooooooo 5000000 FCTO
BPMOUOOOOOOOODODODODODODOOOOODODODO
O00000o0oo0oooooooooooooog
goooooooooboobooooboooooood
oooo

g Beam Energy
Measurement

Steering
RF-Gun “EEE

P, Bending
Beam Current  Magner
Measurement

Solenoid
Magnet

O5 000000000

3. Joobooboboooo

OOo0oo0oO0oOooOooo 1o0oboooooooo
boboooboboooboboooboooooann
ooooooooooboenbo7OoDOO

00000000000 116.9pC/bunch 0 O
65.7pC/buncii DO O0O0OOOCOOCOODOOOOOOO
obuvbooooobooooboboobboooboon
Oooooooooooooz2wioooOoooon
OO0O0O0OoOoooog 8oopC/hunci 00O OOOO
obobooobobooboobovuvobogoooobgoo
booobOoobooboobooboooooobon

oboobooooboboooobooboooon

150

l.:‘)“
100 |7 s
Y

Charge [pC/pulsel

0 \ \ \
0 20 40 60 80

Bunch Number

100
oe6e000000DOOOODO

OO0o0ooooO0o000oDoO7000000DORFO
oboboooooooboboooboobooobOooo
oboboooboooobobooooboooon
0000 56%,,000000000AAMethodO
00010%,,00000000000000000
oooboooooboooooboooooooooon
oboboooobobobooboooobooooo
goboobooooboooobooooon

4.1

o Non-Modulated
o Modulated

Electron beam energy [MeV]
w
=)
(52}

0 20 40 60 80 100
Bunch Number

O7000000D00OO00O00DOO

4. 00O00OO0ODOODOOO

0oooboooooooooooobo0oooooon
bobOooboboobooboooboboobaooo
oooboOoboOooboooooboooooooon
obooboooooob uwuwoooboobooooo
000000 yYbOOOOOOO YbOOODOOOOO
O00000O0O0000 (YB1200/4-125, THORLABSY]
Oo0o00oooooooooooooooooo 8O
OO0O0OLNDOOOODODOOOLNODOODOOOO
oooobooooboooboobD IrROO LDOOOO
ooobooooobooOooooboooooobooooooon
ooooooowbM)OOOOOOOoOoooooo
oooooooowLboooooobooobooboooooo
Oo0opoo0oooosHzOOODOOOOOOOOOO
goobooooobooooobooobooboooooo
oemsOO0D00O0O000OO0OIRODOOOOOOO

-608-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

O0O00ooOo00ybOOOOODOOOOOOOOOO
ooooo

Fiber
1

LD solator
in
IR Seed Las Intensity

Fiber
Isola

() NP
1%

WM Fiber
Coupler Amplifier Coupler

€T Modulator
lator

O8fjoooooooood

000 YbOOOOOOOODOOOOODOOOOO
10cmO30cni1 50cmO75cnT] 100cmBOOcmO O O O O
00000 9000000oonoO0oooooooonoog
0000000000000 00000000004 75cm
000000 IRODO 6mWDO O 800000 480mwO
00O0000o00oo0ooybooOOoOOoOoOOoOoOOoDOOoo
0o0o00o0D00o0oooooooooooOooooad
000000000000 00000D00oooOon
0000 vYbOOOOOOODOODODOOOOODOOOO
0000o0000ooooooooDoooooooog
000000000000 00000o00ooooon
ooooo

100

10cm
30cm i o
50cm o

T5¢cm
100cm ° n
60 - O n

80 -

0o o oo

40 al -

Gain (Out/In)

o
o
0o s 88 8 8id 8 o bookb
0 100 200 300 400 500 600 700 800

Launched Pump Power [mW]

OodoOopoOooooogoon

5. Jboboooooo

obooboooobOooooboobooooboo
oooooobOoouvoOoboooooooobooo
oboobooobooooooboooobobobooo
gobobOooooboboooobooooooobooooonon
uvoOooooooooooooooooooooboo
0000000000000 00.25udx1~1000 pulse
gboboooboboooboboooobooboooo
000 AAMethodODOOO 56%,_, 0000000
ooooo 1%, ,000000000000000
O0o0oo0oDboOo0o0oOoooooboOoOgrCTO BPM
oobooooobooobooboooooooooooo
OO00000000oOOoOdooOOoOdo 8o0pC/bunci
ooboooboouvvoooooooooboobo
gbobooboooobooobooboobooboono
oooooooooooosoooooooooooo
00 LD4-pas 00000000 O0OOOOOODOO
ooouvooooooooooooooooDooo uv

gooboooobooooboooobboooooboon
ooooooboooooboooooooooooooooo
ooobooooobooOoooboooooboooooo
ooobooooboooooooooooboooon
ooobooooobooooooboobooobooboboooooo
oooobooogooao

gogon

(1]
(2]

(3]

ooooo,0oboobo0obob0o00 RFOODODODD
O0ooo0ooooOoooogr, oogg THPS105

Y.Hosaka et al., "Pulse Radiolysis with Supercontinuum
Probe Generated by PCF”, Proceedings of IPAC’10, pp.145-
147, 2010

Y.Kato et al., "Development of a Cs-Te Cathode RF Gun at
Waseda University”, Proceedings of LINAC'08, pp.624-626,
2008

[4] A.Masuda et al., "Design of Linac Based Compact X-ray

(5]

(6]

-609-

Source via Inverse Compton Scattering at Waseda Univer-
sity”, Proceedings of EPAC'08, pp.166-168, 2008

S.Kashiwagi et al., "Beam Loading Compensation Using
Phase to Amplitude Modulation Method in ATF”, Proceed-
ings of LINAC’'98, pp.91-93, 1998

l.Ito et al., "Development of an Yb-doped Fiber Laser System
for an ERL Photocathode Gun”, pp.2141-2143, 2010





