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Status of XFEL/SPring-8 Construction
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SPring-8

Technology Transfer Operating twelve years

Thermionic Gun, injector, etc.

> . - 3 3 g &

XFEL/SPring-8
Beam commissioning
S ill start March 2011
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2007 Dec

Excavating 17 m deep at undulator area, replaced Wlth crashed stones on base
rock, which took 8 month. Only -1.7 mm vertical movement was observed for 2
year after completion. Extremely stable basement was made for undulator hall.
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Temperature Regulation 1 aeg was achievec

for Non-under Ground Tunnel

Reflecting sun light (total 10 MW) Inner-ceiling isolates air-flow
and thermal radiation

- - >

M | 2 m thick concrete shield | Ex—AA e _
7 No forced % | Klystron Galllery / /
L air-conditi Tt : L
lm ﬁ:ra%ocr;é;gtn;r Lo o 500 kW air-conditioning power
tunnel el I Ls
I e MJ wﬂ - ]
— 1 i ) e el
L SOt §

L ., Reinforced concrete piles 15mBEm (EEHE)
Mechanical isolation 136 piles B
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Experimental Hall
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Beam Lines

£
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Experimental Hall, 4 Hutches are ready
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X-ray Beam Line Front-End Mirrors
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2009 July
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T. Inagakl "Constructlon of 8-GeV C-band Accelerator for XFEL/SPrmg 8"
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C-band Accelerator for Multi-bunch Option

Microwave Absorber Water Vessel
SIC Ring Cooling Water

| Choke Mode
Cavity

13,000 cells are under mass production.
g [ N T / 3
.

19.7 Electro-platedCopper*

T. Shintake, “Choke Mode Cavity”,
Jpn. J. Appl. Phys. Vol. 31 pp. L1567-L1570, November 1

Higher Order Mode Damping for Multi-bunch operation. I
Maximum 50 bunches x 1 nC, at 4.2 nsec spacing =y

X-ray 4.2 nsec x 50 bunches will be key for ;
Single bio-molecule imaging to improve Luminosity. '
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Sadao Miura, MITSUBISHI Heavy Ind, April 20
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Testing Modulator & Klystron
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SCSS/XFEL Status
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SCSS : SPring-8 Compact SASE Source

Electron Source  Main Accelerator Undulator SASE-FEL X-ray User

Low-Emittance  High-Gradient C-band In-Vacuum Undulator O R

B Short Period Undulator e EReUIg=1CETo=ilClge)Y
In-Vacuum Undulator : Au= 18 mm, K=1.9,Ax<1A > E=8GeV,

E High Gradient Accelerator =mp RelilelyRatelelIclei(e] g MCTy o]y

8 GeV, C-band 35 MV/m = 230 m

E Thermionic Electron Source msp BRI RR: 1

Thermionic gun + velocity bunching = 0.8 t.mm.mrad @ 3k A, 8GeV
- multi-bunch operation, smooth & quiet beam for seeding
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Beam Acceleration and Compression
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Rf-deflector

x3000 times compression

No laser heater was prepared.
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Expected Performance of XFEL/SPring-8

Wavelength <0.1nm

Peak Power ~ 20 GW

X-ray Pulse 200fs ~ 20 fs
Length

X-ray Pulse Max 0.4 mJ
Energy

Photon Flux 2 x 101 p/pulse

Peak Brightness

1x 103
p/mm2/mrad?/0.1% BW

Radiation Power (GW)

F oY
o
I

N
o
I

50 -

w
o
I

X-ray Pulse 10 ~ 3000 pps
Repetition (50 bunch x 60 Hz) i) | . | | | ]
Bunch per Pulse 1~50 0 ' 10 . 20 30 . 40 ' 50
(4.2 nsec spacing) Time (fsec)
e Beam 8 GeV x 0.3nC

0.8 tmm.mrad, 3 kA

SCSS/XFEL Status

Expected X-ray pulse of 0.1 nm

(SIMPLEX simulation)
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Use Small Size Cathode

.« First Strategy for smaller thermal emittance

Thermal Emittance

_ 7L

Operating Temperature 1500 ° C

3

W, =—k,T =223 meV
2

-

KT =0.4 T mm-mrad

EWN = ZV

Use Small Cathode 3M

m,C’
m Current Density
I 1~2A
e = — =14~30 Alcm®
zr;  3.1x0.15.,

LaBg or CeBg

\

Twice longer lifetime

SCSS/XFEL Status

Tsumoru Shintake

April, 2010

shintake@spring8.or.jp



CeB6 Thermionic Electron Gun K Togawa

Cathode Assembly Heated Cathode in Stem

Cathode Temperature
—;1 500 C

CeBs Emission Property

Emission Density (Alom®)

1300 1350 1400 1450 1500 1550
Temperalure (deg.-C)
The gun voltage=500 kV
Temperature was measured at t!
sleeve by a radiation monitor
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Operational Experience of 500 kV Gun

BApplying 500 kV pulse.

Electro-polished SUS

M3 micro-sec pulse
driven by klystron '
modulator. |

34 .
/ -
W Gun sits inside HV | | - / / _'
pulse tank, filled with oil. \ .

.

re SUS316 (clean—’)

No baking

E No HV breakdown at 500 kV
for 4 years, daily operation.

SCSS/XFEL Status Tsumoru Shintake
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Measured Emittance at the Gun

Beam Profile Phase Space Profile

0.24 mrad (ox‘)

v 28 SHOE pAGAERIFBRr@AN RO WG 2% G o | e | | @ lfian o s | e | o | wom | s | oo | oot

—

Beam energy 500 keV

Peak current 1 A

Pulse width (FWHM) 3 us

Repetition rate [0 Hz
Normalized emittance (rms, 100% electrons) 1.17 mm mrad
Normalized emittance (rms, 90% electrons) ( 0.677 mm mrad )
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SCSS Test Accelerator Performance

2006 First lasing at 49 nm
F 2007 Full saturation at 60 nm
E 2008 User operation stat

In-\)acuum

\ accelerator unelulatior

S-band L B b mﬁ, i
y ()
o :' g '

buncher *

' 500 kV Pulse electron gun
CeB6 Thermionic cathode : . T oL i
Beamcurrent 1Amp.  EEETMLr - VL 2" E-beam Charge: 0.3nC

*i'. ¢ Emittance: 0.7 x.mm.mrad

1 uL! (measured at undulator)
= Four C-band accelerators

1.8 mx4

Emax = 37 MV/m
Energy = 250 MeV
In-Vacuum Undulators
Period = 15 mm, K=1.3
Two 4.5 m long.



Test Accelerator Configuration

Injector C-band Main Acc. Undulator

E = 500 kV Ipk

| (2000A  E =250 MeV

q=1nC
50 MeV -
lpk = 1 A v 0.25 nC | q=0.25nC
At =1 nsec 250 A I_pk =200A
1 psec At = 1 psec.FWHM
€n = 2 tmm.mrad
238 MHz . 1: t
Sub-harmonic psec
Bunch
200Ky  476MHz  S-band Undulator VUV Beam
500 kV Booster | jnacs C-band Linac
Pulse Gun ~700 kV
C-2 c3 C4 U -
H HEH . —— H ! @\
32 MV/ AU =15mm h
Chopper m Kmax = 1.3
1 nsec 50 MV/m 1.8 m x 4/unit gap.min = 3.5 mm e-Beam

<Px,y>=10m Dump
L=45x2=9m

1 nsec (chopper) Velocity Bunching x 100 ~ x 300

1A, 3usec gun HEEp 1A, 1nsec 288 ;SSPgoAfs

SCSS/XFEL Status Tsumoru Shintake
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CeBg Thermionic Gun provides stable beam.

Beam Profile
CCD Image

Scale 10 mm

500 kV Gun

50 MeV Injector Out

»

250 MeV Compressor Undulator Input Undulator Output

SCSS/XFEL Status Tsumoru Shintake
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Saturation of SASE Amplification H. Tanaka, T. Tanaka, K. Togawa, T. Hara

The slice emittance is
estimated to be 0.7 um (normalized)

e SASE Pulse Energy vs A

- ID#1 + ID#2 o
10"l S
=R o . Saturation 1
5. GO ;
=10 L O . |
= : ! ]
L [ ]
0 10°L ¢
i E 3
S -,/ Gain Length short
0107 L/ Kevalue large -
Gap narrow

10 L
30 35 40 45 50 55 60 6
Wavelength % (nm)

SCSS/XFEL Status Tsumoru Shintake

April, 2010 shintake@spring8.or.jp



It’s laser light at EUV

EUV-SASE
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Iris: $10 mm CCD image

60 nm, courtecy of Nishino.
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SCSS Test Accelerator User Run Has been Started in 2008

50~60 nm 30 ul/pulse
Multi-photon absorption
Coherent diffraction imaging




Thermionic cathode & velocity buching system

can generate
short bunch with small jitter

E Bunch length in SCSS <50 fsec

(XFEL case it will be <5 fsec, with additonal
two chicane by 1/10 compression)

E Timing jitter is SCSS < 50 fsec
(XFEL case it will be <5 fsec+residual)
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Splitmirrorsetup 0_22_"""""""""""l_
lon detector : N
0.20 - N -
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s &
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0.16 | 2EY" -
§ l 0] :' ': “ ll l ]
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Split focusing mirror £ llil% [ 1 el ]
0.10 4 1 -
Delay stage: MPI-K, MPQ, CFEL
Mirror: LBNL 008 +——"TT T T T T T T T T T

-150-125-100 -75 -50 -25 0 25 50 75 100 125 150

Detection system: Tohoku U. Time difference of the two FEL pulses (fs)

From the width of the broad peak,
we can get the FEL pulse duration. ¢ Exp.
FEL pulse duration ~30 fs Fit with two Gauss. Fun.

VATLINA £ b g e Component one (FWHM= 11 fs)
gzl:;i,%g:;?t/?)_ FWHMofbroad — _____ Component two (FWHM= 47 fs)
2

..Kiyoshi Ueda
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Timing Jitter

Injector C-band Main Acc. Undulator

E = 500 kV {pk ‘
q=1nC | | (200)A  E =250 MeV
50 MeV
ok =1 A & pEme 0.25 nC|| q=0.25nC
At =1 nsec 250 A Ipk =200 A
1 psec At = 1 psec.FWHM
€n = 2 tmm.mrad
238 MHiz N ¢
Sub-harmonic psec
Bunch
~;(;l(;;k | 476MHz  S-band ) Undulator VUV Beam
500 kV Booster | jnacs C-band Linac
Pulse Gun ~700 kV
C-2 C-3 C-4 U-1 U-

2
! 1 ¥ T — H N
e Au=15mm h
Chopper m Kmax =1.3
1 nsec 50 MV/m 1.8 m x 4/unit gap.min = 3.5 mm e-Beam
<Px,y>=10m Dump

L=45x2=9m

45 fs
RF Phase

Master Oscillator

SCSS/XFEL Status Tsumoru Shintake
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E Bunch length was monitored

Accelerator Tunnel

by a CSR monitor and a Y,
streak camera at the SCSS
test accelerator. %ﬂ
O [y
F H. Maesaka et al., WEPB11
o — % Streak
9] 2 = o . Camera
T T Iy g o2 C-band
S0 =5 =328 250 Travelling Wave ec| In-vacuum
O 2 R 28 S0 83 S Bunch Accelerator o| Undulator
= & R e AT SN Compressor 1.8 m x 4 cavities Chicane 5m x 2 units EUV-FEL
0.5 MeV 250 MeV ‘CSR | 5
1A 1ns 300A,300fs | [ Pyroelectric ump
Detector

* Bunch length was changed by
the rf phase of the S-band
travelling wave accelerator
before the bunch compressor.
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CSR Monitor from 3" Magnet in chicane at 250 MeV

H. Maesaka et al., WEPB11

SCSS/XFEL Status Tsumoru Shintake
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Measured CSR intensity and Bunch length by streak camera
H. Maesaka et al., WEPB11

250 — — _ | 25 &

Over-bunching | . .g Bunchleg C tDel:u.m::.hing <

. g *— est — > T
200 - . . 2 2 o
- E‘J —A L g

z ‘ 2 / B
£ 150 'SR m @ | l—b- 15 E‘J ﬁ
- ntensity|y - c —
5 Streak C 5%
& 100 ¥/ treak Camera 4 &2
o Bunch Length 5 2
w m £
O @
50 7\_‘, -05 g W

xlo o 5

FEL Intensity g o B O

0 000 ®®Pooloo | @® | o 0 x

-60 -50 -40 -30 -20 -10 0 10 20 30 ]

S-band TWA Phase (from crest) [deg.] &

e R56 =20 mm in bunch compressor at 45 MeV.

e |Incoming bunch length = 2 psec (0.6 mm)

* Max energy chirp 0.6 mm/20 mm = 3% at 45 MeV, 0.6% at 250 MeV
* Bunch compression factorx 1~ x5
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Thermionic Gun Produces “Smooth Beam”

F No CSR instability was observed.

I OTR, CSR radiations at chicane magnet are
stable, for wide range of bunch compression
change.

E - conclusion: there is no density modulation on
Incoming bunch into chicane compressor

E - thermionic cathode generates smooth beam.

B 2> We confirmed no laser heater is required Iin
our system.
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CeB6 Cathode Performance

I We changed cathode twice in SCSS test accelerator.
B 2005 installed first cathode
E 2008 January, 1st cathode was changed.
B 2010 August, 2"d cathode was changed.

F Lifetime > 10,000 hours (~2 years)

I At end of lifetime, emission decreased, but
emittans i1s OK.

SCSS/XFEL Status Tsumoru Shintake
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2008/01/28 First experience, but team did nice work.

We replaced CeB6 crystal in SCSS accelerator after 20 OOO hour operatlon

. \3@\'

//L

Anode HETRE had color chanae.




CeB6 cathode after 20,000 hour use.

/

It was found the cathode surface became concave of 0.2 mm deep from the initial flat surface.
It corresponds to evaporation speed of 10 nm/hour (10 nm/h x 20,000 h = 200 micron-meter)
Concave geometry made beam slightly focusing, but did not break emittance.

Electron microscope study showed (1) Surface is fairly smooth, (2) covered by carbon
contamination (lowered electron emission).



Electron Gun and Injector

CeB6 Cathode: emission was tested....

Gun: 500 kV operation in bunker....OK

238 MHz, 476 MHz, L-correction, C-correction cavities and RF....OK
L- band RF is OK, but APS cavity is under fabrication. ...Waiting

atus 46 sumoru Snintake
April, 2010 shintake@spring8.or.jp




Otake’s Team: LLRF, Beam Diagnostics

Matsubara Hosoda Oshima Otake Maesaka Inoue

SCSS/XFEL Status Tsumoru Shintake
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MADOCA Controls, LLRF Temp Feedback PFN Charger
. :,l v ‘5‘ - . ‘ /

—
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Beam Monitor Devices By Y. Otake team.

Cavity BPMs
0.2 um resolution was
-~ confirmed with beam

. .
e, 3
T & Ji
} “

Py ‘ 5&70 h,
b

- 5

BPM Calibraﬁon B
-y
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C-Band RF Deflector has been developed

Beam ym [TIILL}-——————————""
— > L1 |*||| LY== _ _
v
Transverse RF Electric Field
< ~4m > <

I RAIDEN-Cavity

B Race-track iris provide xy-mode
separation

B Backward HEM11-511/6 mode

H. Ego, Y. Otake et al., “Design of the Transverse C-
band Deflecting Structure for Measurement of Bunch
Length in X-FEL”, Proceedings of EPAC’08.

SCSS/XFEL Status
April, 2010



S

Operation frequency 5712 MHz

Type of structure Constant Impedance

Resonant mode HEM11
~ Total length 1.7 m
Total Deflecting Voltage 40 MV

SCSS/XFEL Status Tsumoru Shintake
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All undulators (18) have been installed in Augost

SCSS/XFEL Status Tsumoru Shintake
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Undulator for XFEL/SPring-8

Undulator Type In-Vacuum Planer Undulator
Active Length om
Undulator Period 18 mm
Magnetic Circuit Hybrid
(NdFeB+Permendur)

Peak Field | Max imum 1317
Nominal 113 T

K Max i mum 2.2
Nomina | 1.9

Gap Minimum 3.5 mm
Nominal 4.5 mm

Maximum Attractive Force | ~ 6 ton

SCSS/XFEL Status Tsumoru Shintake
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In Vacuum Undulator

Lf{'fb_*l ! )
Z

x 3 ?:q».. P‘
r‘T‘M!‘ ,.04 . ' [
l 'él!.. il . "\*' |

o e K.‘
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Undulator for XFEL/SPring-8

The undulator for XFEL is
made by the team guided by
H. Kitamura and T. Tanaka

"l'- L eew .m
JIJA"}'.

'uu4 1=
,-.'_ TE b
- _. 1

-

S
Qutlook of 5 m long in-vacuum
undulator for X-ray FEL. i
Ve W Vel ¢

————

( g 'ﬂﬁ.& J '

NeFeB magnet array,

undulator period is 18 mm. v

f ' . \,
AEGARICINS [0y Y W
i 1 K . ‘e



e
Takashi Tanaka

SAFALI Field Measurement System

« SAFALI: Self-Aligned Field Analyzer with
Laser Instrumentation
— Simple mover of hole probe.
» fit within vacuum chamber.
— Laser beam guide for xy-displacement,
and position feedback on guide rail.

— Laser distance meter for z-location.

laser scale corner cube\\ laser diode
T e @é?u
j L j L I/ / \j F stepper
— _ rail carriage — motor
2-axis stage

Tuning magnet and gap on site, including earth magnetic field effect.

SCSS/XFEL Status Tsumoru Shintake
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SAFALI in-situ field measurement

> e lal o Sk

e
;
| KL
v .. A8
,
" r e
»
5‘ ) / 2
. < y &
.
.

e !
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Summary & Schedule

E 2010 Sept. Complete installation.
F 2010 Oct. ~ 2011 Feb. High power processing.
F 2011 March First beam to the undulator.

E 2011 April - July ..... Beam commissioning, and
the first FEL Lasing?

SCSS/XFEL Status Tsumoru Shintake
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XFEL Machine Configuration

BC3 x 1/3 Klystron Modulators BC2 x 1/10 BC1 x1/5 500keV Thermionic
0.133ps — 0.4ps l \ 0.4ps — 4ps 4ps — 20ps Electron Gun
133772 a g Uallgl1 g1y Uy1g0 5y Uy s 3 g 9 |90
1 | | | | | | | AN [N¥
Tl Y Vs s el o 0 0 0 7, SO W N it VYOO st TN A T w 19@
1.45 GeV 415MeV ammmm 30MeV
Beam diagnostic section 24 C-band Accelerator Columns 8 S-band 238MHz pre-buncher,

C-band deflector cavity

Accelerating Columns  476MHz booster.

No Iaser heater L-band buncher accelerator

‘BB EEEEEEEEEEEEEEEEEEREEEEEEEREEEEEEEEEEEEEEEE
e | | ] i ] | I L = | | I ,
< 104 C-band Accelerator Columns @
to SPring-8
\ “\& Alignment
N undulator 8 C-band spare
.l | 3 99 &
s N ¥ 1 |
ey m . g J :I_X
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Wide band-undulator-Spontaneous l 1 ‘TT‘!' 1 BT = witch 8 Gev
Move SCSS test accelerator? mag net
Experiment-
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RF Acceleration System in XFEL/SPring-8

Gun 238 MHz 47 mVeStr 50MeV] [  Sband 450 eV
- BC-0

2 GeV
c1-1 C-bangd Seglor-1, cT-12 15GeV ET6

\ \/ \/ \/ \/

HARARENE iflifliflifl inFinE /o VENEVRNA

62-1 C-band Sector-2 c2-16
4 GeV

C-band
Klystron 64
Acc. Str. 128

6 GeV

8 GeV
To Undulator
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Unit length =4 m, 125 MeV acceleration

<
1.8 m x 35 MV/m = 63 MeV

Modulator

<+ >
= : e-
—>e —
Choke-Mode Type RF-BPM
70 MW Accelerating Structure . 70 MW . Q-Magnet
05 us 0.5 us Dummy Load b il g
3dB Coupler per 4 unint
Waveguide
WR-187
RF Pulse - ?\150 MW Master RF Line
Compressor 0.5 us Trigger Line
Gain ~ x3
AC Power Line
20V
20 MW LLRF e
50 MW ~ | Klystron IQ modulator
25 s = i

-350 kV ._-‘_'

310A _ | | Pre-amplifier

60 pps N ‘ =

voaumor| 3 ™

Pulse
Transformer Thyratron
1:16

0.47 uF

- —
16 series 49 kV HV Charger
PFN 30 kW




C-band R&D

C-band Klystron Development
Under life test since April 1999 B
| TOSHIBA E3746 No.3

T 53 MW, 2.5 psec

Traveling-wave
output structure

Solenoid
Focus (4.6kW)

1.5 uP

Dispenser
Cathode
(D74.5mm,6.3A/cm?)

.- |
53 MW, 2.5 usec, 50 pps, 47%
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Mass Production of Klystrons at TOSHIBA

64 C-band klystron C-band Klystron
4 S-band klystron 5712 MHz, 50 MW

1 L-band klystron 4 psec, 60 pps
45 % efficiency

Three-cell traveling wave output
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400V, 3¢

Highly stable
PFEN charger
<100 PPMp-p

SCSS/XFEL Status
April, 2010

50kV, 1A

C-band System Configuration

Run j Trig?

Klystron Voltage
Klystron

.........................................................

50 MW RF

50 MW, 3 usec 150 MW RF

RF 5712MHz !

C-band Accelerator
35 MV/m

25 kV=> 350 kV

65 Tsumoru Shintake
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C-band is High Gradient ( 35 MV/m, max 40 MV/m)

Modulator + Control Cabinet have to fit within 3.9 m each.

- Need to make “Compact Modulator”

High packing efficiency = Active Length/ Actual Length
=(1791 x 8) / (15462+806) = 0.88

66§

;

2000

TR0 2

! 1P100
o
E -
g
3 E 3
® g

m::n " E’i
3 55

i1 cB13 4b
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Single Tank Modulator (PFN circuit + Transformer)

50 . fike
ym L2

I lyst ron 4-5’/',7 rarch

Zee

Fine/
F FN cd/’aci

Watesr Loolimg

wors,

Stee/ Ni Phsten

sfe‘,,p(/'prl"a-ﬂs 1

I

L

S0 AV DC In

Maintenarce Pomel
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At the R&D, Ship Engine Make at AlOI contributed.

Modulstor Zanke
Affezmb}’

L Fet4 -

N
( NC 1= 2, 7%
N 7, 35F

¢
ERT Y ST D

b J
S

VEtg4A1 1% 1
¥y 7 ARl
a O—r:'y P

Made by steel (easier than SUS)
Suitable for mass-production.
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Modulator Mas Production at NICHICON
3 —— :

—
' ' | 60 modulators

{f

e ——e—
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Modulator Tank Fabrication
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Summer 2009

EOL Diode Failure Problem

When the klystron gun made HV break
down, the EOL diodes broke. (short mode)

E Frequent failure.

Precision %’Eom Klystron
EIE’ 'T' Thyratron CX1836 PFN 29.3 nF x 16 /
e R TR T T i ol
o e T W [kl edefain 2]
M FRE = E:ﬂ Tail Cripper S
c_g —;—-"}i T 3_“* ,'.!‘:; i ¥
L, Lo H= ar _i:" 4T R ITF,
2 L 4 - ';’g, ) - : } me
F-P¥lalliz | | ™. " s I X 1
w| | |n v i : 3 ? c
- ~ 4,
i Lloly
e i?:!r— Fn*
W T Y
Ll zé: ¢ .;— l; ,,.’tl . S V) &
n !-.. GI‘EOiS Eilter =l ) 2
L - | Qr‘ 13 *"‘ g mb ea" W
e ] w4 - mna Gm R =3
|_Shunt Trigger Heater Heater |_Tail I_EOL Heater |k V_k

Tsumoru Shintake
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Cause was wrong connection of ground line.

Klystron Beakdown
25 k¥

HV breakdown on klystron gun.

PR 0V Q1T I Y
25w:_'-‘r ‘_T L f TT
- s Shockwave jumps over the transformer
o s windings, with capacitive coupling.
350 kV Voltage Swfing
indues pulse on 1stwinding
125 kV
i ov (@F%_@ Frequency is to high ~100 MHz,
iy e i -25 kv .
Ll — shockwave runs ground line on PFN.
ropagating back to

3 Correct connection

g Fonsh, It reflects back at EOL side as open
| r%)@ end, creates standing wave.

TR e LR e EOL diode turns ON very short time,

\ then voltage reverses quickly.
S Before the carrier extinction time,

Wy L1 L voltage reverses, and charge remains
@gt\f in depletion region with high_field. :

Quarter-wave oscillation

oy

Charge is accelerated and hit'a
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First Modulator was Installed. Summer 2009
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Highly Stable Inverter Type PFN Charger

for stable operation of XFEL.

400V, 3¢ B High power capacitor charging system.
l F 1.8 Apeak at 50 kV
E Pulseto Pulse <100 ppm.pp

E  Main Switching at 20 kHz, IGBT
E  Sub switiching at 80 kHz, FET

SN, | O—» > Swiching § gi R :I— CL
) Circuit
600V, 80 A [ = ;‘ ;

Vivetar B
> Cireuit '3 g
AGate-2 I

b

A.Ié;. ,.;i,ﬁﬁ; ‘ \,
Highly stable Vref-2

PFN charger
<100 PPMp-p

\om b

N
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When voltage approaches to target,

sub-inverter controls the voltage in fine mode.

Tek il & Stop kM Pos: —9,100ms TRIGGER

File Edit Wertical Horizfdcqg  Trig  Display Cursors  Measure  Masks  Math MyScope  Utilities  Help

{ [ w0y

: : : & T : : : | 1 curs2 Pos
B I e S R
L . . N T ) ) : i 1 w1 ssoow

L ) 4 ] Wz 3e0.0pY
............... . &Y -B00.0pY

5tdd DewiHz)  97.0pY
|p: 96.5631435p
Tm:B302p M SE09p
Joo821dn no 2470

Mlean(Hs) -130.7pY
p: -132 85745p

Jmo-138.1p M -B3ES
Jo: 34E9Y n: 2470

CH2 200%Ey b 2.50ms CHZ ™ 208 C : : TH I : : |
CH3 5.00%  CH4 100%  2-NOW-09 1103 B.0436Hz Y S

s 41

........ ool T I
Chi 5.0v Chz Z20mY 0 Bw Il 1.0rng S0.0MS: 200zt
A Chil o~ 27Y

*Achieved PFN Charging voltage stability
*80 ppm (peak-peak) for 1 minute
*190 ppm (peak-peak) for 8 hours.
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Brazing of C-band Accelerators

A number of technical
Improvements have been
made.

*1~2 columns per week.

~—
—F

Vacuum Brazing qun Cela

I} Tsumoru Shintake
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Mass-production of
128 tubes of the C-band Accelerating Structure for 8
GeV linac.
@ MITSUBISHI Heavy Ind.

Y DT D
! R !q i 'r = :
54 . - N
1 IRy == ""i
’ wri ok » < -
= = » -
~
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MITSUBISHI-Team completed 100 tubes (out of 128) C-band Accelerator.
Photo March 2009

—

‘4 i L \ \ : 1
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Routinely Operation: C-band High Gradient Test

T. Sakurai, IPAC2010

19-inch rack
Control system
Low-Level RF
Timing system

/ RF Pulse Compressor

Beam Dump
(Faraday Cup)

Compact Modulator

Pulse klystron B

.‘33”"&

PR

C-band Accelerating structure

ke o TR

Fio.2 BRirds’eve view of the test'bunker.

« Sample test ]‘rom mass production. RF Pulse Compressor

« C-band 1 unit for one month. ; i 810
« 35 MV/m is routinely achieved a4
' Two TEO0,1,15 cavities

(Very low trip rate.)

«  Processing up to 40 MV/m, 60 pps. RE power Galgsiityp:) 3
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Installed C-band Accelerator

i RN
lhk‘

0 - . - - o] |
“1 M s B
m*z [ 0 “oy

mssg"?. E-1 | j

{__ ,‘_‘ -
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C-band Accelerator

n x3

TV e Ld

Choke Mode Structure
35 MV/m x 1.8 m

| y 7
e 7 :
A g o s
_ £ > 3
3 1
- Rote aa I Aoy
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"
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E CeB6 thermionic performance was fully investigated, and found to be
matched to XFEL/SPring-8.

F Various new hardware components have been developed in this
laboratory, LLRF, single-tank klystron modulator, high precision power
supply, etc.

E Those components will be useful to other accelerator projects
including FELSs, light source injectors and also ERLSs.

E  We will contribute to accomplish X-ray lasing of XFEL/SPring-8, expected
Summer 2010.

B This laboratory will keep activity for future upgrade of XFEL/SPring-8.
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