B FEL School 2026 at NSRRC e

High-Performance Linear Accelerators for FEL Applications

Vi
MATSUMOTCHiroshi
KEK, High Energy Accelerator Research Organization

NOTICE:
| am so sorry, there were several errors in the lecture notélsangsanwill help me to reupload them. Please download
them again after January 8th.
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R LOCATION OF TWGEFKL FACILITY IN EAST ASIA ™

There are currently two-KEL accelerators running in East Asia.
o0 SACULA Japan (SPrin§ Angstrom Compact Free Electron Laser) has been in operation since Mart
2012.
0 PALXFEIln Korea (Pohang Accelerator Laborato{lyEL) started in June 2017.
Both above can produce hardrays withwavelengths of 0.06 nm and 0.6 nm
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@NSRRC

1) Klystron tube.

0 RF output phase variatiol 0.03°

o Peak rf power| 50 MW

0 RF pulse widthh  2.5us

2) Modulator power supply

0 peak output power; 110 MW

o Capacitor charger stability +5 ppm
o Output voltage stability] +30 ppm
3) Accelerating gradient of the | 35 MV/m

structure: @SACLA
22 MVIm
@ PAKXFEL

5) Support table.

Vibration-free

Electron transfer rate = RF phase velocity

£/ >

I-total y.
o

Efgain -

E. 3siny dz ECC

é%], \/(1_62t) q:EII\_I\](O [Eolo

ol

50 MW C-band (5712 MHz) Klystron

Example: ACCELERATOR (5712 MHZ) UNIT AT SACLA™

AC Power Line

Fire extinguishing system

WR-187 350 kv i ‘ ‘
3.94~5.99 GHz [ | 310A PN 44kv .
— 60 pps " 08 A o A 50 kv
35 MW < _/max.
25> a
] 1-22 kV+/-15 ppm kThyratron
= L 116 5 kA =N
— e kvj | -~ Low EMI leak
— § ‘f—’ cabinet
— =l — i
RF Pulse compressor | ! 140 MW, 2.5> a Capacitor Charging Power Supply
A (CCPS), 50 kV+/-5 ppm
3dB Hybrid SiC type rf Load
70 MW, 2.5> a 70 MW, 2.5> éJmsex RF flange

E-field symmetric coupler cavity ‘

SiC type rf Load

.« R
—_

L Bidirectional water cooling channel

..

— i
/ C band Accelerator \ C-band Accelerator J:|
1.8 m, 35 MV/m Wakefleld damped structure ‘
Vibration damped
support table
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@NSRRC

SPECIFICATIONS UNIQUE TO -H

ITEM

USUAL INJECTOR LINAC

X-FEL LINAC

SACLA

PALXFEL

Bean energy [GeV

0.1~0.2

8

10

Bunch lengthps (1e1%s), fs (1€°s): ~10°s 205~ 1.9 ~100s
Total accelerator system length [n| 10 ~ 20 400 800
Accelerating gradient [MV/m] 10 ~ 20 35 22 ~ 25

Accelerating structure methoc

Conventional disk loade

Chokemode disk loaded
(Wake field damped)

Conventional disk loadec

RCCELERATOR™™™™

Electric field symmetry of th Asymmetric Symmetric Symmetric

input/output cavity:| (Single RF power feed) Double RF power feed Double RF power feed
<0.2 <0.2
t ARG f & + L ARG F &
Accelerator phase error [ { ~2 Jielr 42 tg DSt I (o4 |~§) ISt S
(for9o0" | OOSt SN{(foroo" | OOSt SN
Klystron beam voltage Stabllltllé £, +~1000 E, +< 50 E, +< 50
[ppm]:

Modulator cabinet] Usual open air modulatf CNJ Rl @ Qa O 3 CI N} Rl 8 Qa O

(for provide low EMI noise cabinet. cabinet. air cabinet.

Copper material OFC OFC CLASS OFC CLASS

nhiroshi.matsumoto@

kek.j|




@NSRRC CO NTE NTS Jan/08/2026

1.Very stable of klystron beam voltage and its repeatability.
o0 PFN capacitor charging voltage stability: <30 ppm (<0.003%) @40~45 kV
[H CCPS (Capacitor Charging Power Supply)
0 <50 ppm (<0.005%) @300~350 kV

2.Low EMI noise klystron modulator power supply.
o Faraday cagd#ype modulator power supply cabinet.
b Oil-field closed metal cabinet at SACLA.
[H Openair closed metal cabinet at PAXFEL.

3. Accelerating structure.
o0 High electric field gradient operation.
H 30~35 MV/m @SACLA
b High quality OFC (Oxygen Free Copper). @ SACLAXHAILL
o0 CHOKHnode structure (so call Shintakstructure).
'H Wake field damping structure. @SACLA.
0 DoubleFeed Coupler Cavity. @SACLA,-RKEL
o Very small phase error.
M<0.1 X tXFHL
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ROBINSON PROJECTION OF THE WORLD P re S e nte d by D r T I n ag akl
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Located 600 km
west of Tokyo.

Next generation of

Loca'uon Of SPrIn_@ Jan/08/2026

i Storage Ring:
§ e beam energy:
) Storage ring:

the light source

@ X-FEL

Photon beam line: 62

Convectlonal
@ Storage ring

10°9~10*3photons

Peak Brilliance

[/sec/mm?/mrad?/0.1%b.w.]

~1(** photons

~100fsec

Pulse length

~ 1psec

EBase 802443 (BO0440) 396

Laser light

Coherence

Spontaneous emissig
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@NSRRC

(photons /Imm2 /mrad2/ 0.1%BW)

Peak Brilliance

1 034

1 030

102(:"

1022

1018

1014

10"

10

Peak Bri
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Free Electron Lasers
A

3rd generation SR

SPring-8, APS, ESRF

2nd generation SR

1st generation SR ———

Rotating anode ———

X-ray Tube

|

|

x 10

10

1

_—

Jan/08/2026

lilance Evolution
Presented by Dr. T. Shintake ( )

 Peak brilliance will be enhanced
by factor of 1019 from 3
generation SR to XFEL.

« 1019=10"x 10" x 10" x 107

= peak current by factor 10

X lowered emittance by 10

X energy spread lowered by 10
X interference effect 107 by
micro-bunching formation.

. ___i.matsumoto@kek.j



L a I 4/ 2YY2YE t dZfnd.SiRor rtets
700 m i

400 m > <230 M55

Ho—~oa——oa~———
Tf'frminnic Gun Linac for BL1 BL2 ~ §2

liﬂ&ucm-‘;-- DD v

Acc. cavities BC1 s.pand Acc. B2 C-band Acc. C-band Accelerators T In-vacuum Undulators
(238 MHz, 476 MHz, Y Kicker

I.-t:nann:jf C-band) D

A A

Spare

If one of them has
trouble, quickly replace

Same modulator throughout the accelerator.
Key point: Compact, stable, low noise, movable
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@NSRRC

COMPRESSION OF BUNCH LENGTH BY RF ELECTRICF

) 2 ns SSOO MHZz) . 2ns
Electron GUN:  / \ /N /\ :> AN /AN /N
~ 2ns (500 MHz) 41 nk
SHB (500 MHz): /™ _2ns,

| | |
N o

ndoooX ya o 5homnaH Dgpenpispn the electric field strength (V/m) of the cavity.

Prebuncher (3000 MHz): . 2ns
. 2ns N
«—<0.5 ns»\ —» |
nd®ooo0X Yya 6 Oﬁ{).ﬁr RS H Hgpgngs on the electric field strength (V/m) of the cavity.
Buncher (3000 MHz): - >
( N T . 2ns
N4
! 2ns

[
=y

<0.1 ns Acceleratetd T ™

hiroshi.matsumoto@kek.||



B Gband (5712 MHz) CHOKEODE accelerator e

Presented by Dr. T. Inagal

SPringB (Japan)
¢KS 62NI RQa f I
synchrotron radiation facility

8 GeVstorage ring(1997~)

SACLA2011~)

(Pring8 angstromcompact free
electronlaser)

Extremely intense-xay laser.

Gband (5712 MHz)
8 GeVaccelerator

High RF frequency
A High accelerating gradient
A Shorteraccelerator length

MG band (5712 MHz)
Mitsubishi Heavy Industries, Ltd.
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o Location of PAIXFEL B

Presented by Dr.

Péfrang

BALXFEL

3 ‘:t:ux} .
*‘~|U}L1| 27100k : fﬂ*f?f
"?* A £ L
‘ - .r.-?'"lu# 2471040}
FE .
l—f:’f*f;_l__.

e

hiroshi.matsumoto@kek.||




PAL_XFE L Presented by Dr. H. S. Lee

0.1 nm hard X-ray FEL using a 10 GeV normal conducting linac ~ Apr. 2011: PAL-XFEL project started
Jun. 2012: Ground-breaking

Dec. 2014: Building completed

,,,,,,,,.,k,,. B L. #°14'JUn. 2016 First SASE lasing at 0.5 nm
7

B & 0.1 nm

€ 28 Oct. 2016 Lasing at 0.15 nm
€ 27 Nov. 2016 - Saturation of 0.15 nm
€ 16 Mar. 2017 Saturation of 0.1 nm

o




@NSRRC

PALXFEIParameters

Jan/08/2026

Presented by Dr. H. S. Lee

30A 200A 1kA 3kA 20 und.
2ps 300fs outs 20t HX Undulator (HX1)
Heater BASO [ BC1 BAS1 BC2 BAS2 BAS3H (2.5~12.8 keV )
» | » 1 H e i xss [ NCI
Wy tmmat I}I—EIIDI I[D—I—I—[Di I—I—HIIII[IIH—IDh
Sun W LO L1 | DF (L3B DF2H L4 eenirper 10 Gov
KLIN \\ BC3S SX Undulator (SX1) dump
' (0. 3 ~1.2keV)
L3S H ! DF2s ’
Dechirper BAS3s  3.15GeV
dump
Main parameters
e” Energy 11 GeV Photon energy [keV] 2.0~14.5 0.25 ~1.25
e Bunch charge 20-200 pC
Slice emittance < 0.4 mm mrad Beam Energy [GeV] S 30
Repetition rate 60 Hz Wavelength Tuning energy gap
Pulse duration 5fs—-50fs
Peak current 3 kA Undulator Type Planar, out-vac. Planar
SX line switchin DC magnet
€ : Sz 26 /8.3 35/9.0

(to be changed to Kicker by 2020)

Period / Gap [mm]

Base informatigash amiskiotlaRk |



R LINAC tunnel of PAKFEL B

Presented by Dr. H. S. Lee Electric heaters (5 kW each) for higrecision temperature control

—— o ——— —

3

& ; ‘"j

—

' d

o - ——

oy

Sabnd(2856 MHz
Mitsubishi Heavy Industries,
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o CONTENTS

1. Very stable of klystron beam voltage and its repeatability.
o0 PFN capacitor charging voltage stability: <30 ppm (<0.003%) @40~45 kV

[H CCPS (Capacitor Charging Power Supply)
0 <50 ppm (<0.005%) @300~350 kV

2.Low EMI noise klystron modulator power supply.
o Faraday cagd¢ype modulator power supply cabinet.
[H Oil-field closed metal cabinet at SACLA.
[H Openair closed metal cabinet at PAXFEL.

3. Accelerating structure.
o High electric field gradient operation.
b 30~35 MV/m @SACLA
b High quality OFC (Oxygen Free Copper). @ SACLAXHAILL
o0 CHOKHnode structure (so call Shintakstructure).
['H Wake field damping structure. @ SACLA.
0 Double-Feed Coupler Cavity. @ SACLA,-REEL
o Very small phase error.
M<0.1 X &XFHL

Jan/08/2026
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@NSRRC

1) Klystron tube.

0 RF output phase variatiol 0.03°

o Peak rf power| 50 MW

0 RF pulse widthh  2.5us

2) Modulator power supply

0 peak output power; 110 MW

o Capacitor charger stability +5 ppm
o Output voltage stability] +30 ppm
3) Accelerating gradient of the | 35 MV/m

structure: @SACLA
22 MVIm
@ PAKXFEL

5) Support table.

Vibration-free

Electron transfer rate = RF phase velocity

£/ >

I-total y.
o

Efgain -

E. 3siny dz ECC

é%], \/(1_62t) q:EII\_I\](O [Eolo

ol

50 MW C-band (5712 MHz) Klystron

Example: ACCELERATOR (5712 MHZ) UNIT AT SACLA™

AC Power Line

Fire extinguishing system

WR-187 350 kv i ‘ ‘
3.94~5.99 GHz [ | 310A PN 44kv .
— 60 pps " 08 A o A 50 kv
35 MW < _/max.
25> a
] 1-22 kV+/-15 ppm kThyratron
= L 116 5 kA =N
— e kvj | -~ Low EMI leak
— § ‘f—’ cabinet
— =l — i
RF Pulse compressor | ! 140 MW, 2.5> a Capacitor Charging Power Supply
A (CCPS), 50 kV+/-5 ppm
3dB Hybrid SiC type rf Load
70 MW, 2.5> a 70 MW, 2.5> éJmsex RF flange

E-field symmetric coupler cavity ‘

SiC type rf Load

.« R
—_

L Bidirectional water cooling channel

..

— i
/ C band Accelerator \ C-band Accelerator J:|
1.8 m, 35 MV/m Wakefleld damped structure ‘
Vibration damped
support table
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@NSRRC

1.1 At PAEXFEL, the requirement of phase jitter of klystron RF output power is withid® 51 o

A_N_N

\J\J\ S\ Reference RF (2856 MHz
SV 5

TN @)
ELECTRON BEAM IN Phase comparison” m m . tim%-n (@\on
THE KLYSTRON(\J DRIFT SPACE LENGTHJ{L) U
ANODE
CATHODH .
2.0 10
HEATER & —> - — e
nn
Vl, <¢50pp _“I|NPUT CAVITY OUTPUT CAVITY . 15 10*
-
MODULATOR (i Cooling water temp.: 30 41 dm T R
POWER SUPPLY @ 1.0 10"
. . . Q
i peN CAapavcnor Cha}rge \{oltagevStabHiBO ppnj E
Mm.o"8Y tKI&S OKIy3asS | O02NRAY 3 (2 RNA O 5
e [C]: 1.6 x 1?, electron charge. 5.010

m [kg]: 9.11 x 18, electron mass.

c [m/sec]: ~3 x 1) light speed.

L [m]: 0.645, drift tube length of TOSHIB3v12
< [m]: 0.105, free wave length, c/f [f: 2856 MHZ]
V, [V]: nominal klystron beam voltage.

1 V] klystron beam voltage change.

To achieve a phase variation of
0.03 in the output RF of the
klystron, the beam voltage variation
must be less thah0 ppm(5 x 1(P).

b N(@Vb n £ 0

.47/ 360

f

= 3

VERY STABLE OF KLYSTRON BEAM VOLTAGE™™™

gl

(v o

(DD, (D/

0.5118 10

| | I

VOLTAGE STABILITY @200KV
—= VOLTAGE STABILITY @250KV

——————————————

0.02 0.03 0.04 0.06

PHASE CHANGE [DEG.]

0.08 0.1

e o K]



@NSRRC

CCPS

KLY BEAM VOLTAGE [kV]

720 nH

20 SECTION PFN FOR 50 MW KLYSTRON

~ The stability of the beam voltage is limited by the performance of the charger.

:

st |
. I o 50 1 m @ @ scope Theoutput voltageof the CVD is influenced by its 4ol
1 mHo 1:17 - 50
\ —Fune-i

#1120”%'

720 nH

20 nH_

- - - " - 7nH - - - 7nH6K
i wporl T T 7 201
A s i s

7 nH | 7 nH6K

CVD (1/1¢)

Return line (real current flow)

100.0 e

I Over all view g ]
0.0 3 : S

| PTR 1:17 |

-100.0 :_ Veen chareg 41.14 kVj
[ IThyratron' 6.83 kA
i Vieyerd 0 KV

200.0[ |- . =t [ A— b
[ . 4.8>s @75%

-300.0 o N . 5 SNSRI S SO S i
i , : @ -350 kV
0 1 2 3 4 5 6 7

TIME [us]

NOTE:

CVD OUTPUT [V]

-30.0 |-

intrinsic error as well as the length and capacitance
of the coaxial cable; therefore, calibration must be

performed on the actual unit.

Jan/08/2026

CVD monitor waveform

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

1 2 3 4 5 6 7
TIME [us]

-349.0 — - ; ' !
i Expanded view @top 5
s | | :
ﬁ -
w -349.5
2 I
s I
6' i :
Q -350.0( :
- :
< [ :
g I E
D -350.5 | _
- :
< ! _ : )
: Not final tuning ! ]
-351.0 4= —— — _—
3 4 S
TIME [us] kek.j



@NSRRC

MEASUREMENT CONDITIONS

PULSE MODULATOR STABILITY TEST RESULTS™™

om: 106 Thyratron tube is stoppedCharger stability is very sensitive to EMI noise.
PALXFEL
Digital scope| | Tektro(1st) Tektro(2nd) Tektro Lecroy
CCPS VOLTAGE (STD) [Apnd:@100 KHz | 8 @100 KHz | 8 @100 KHz | 12 @100 KHz
GNDfluctuation for CCPS [ppm]: 5 @100 KHz | 6 @100 KHz | 8 @100 KHz | 8 @100 KHz
Beam voltage/k(STD) [ppm]; 31 @100 KHz| 27 @1 MHz 24 @1 MHz 32 @1 MHz
GNDfluctuation forVk[ppm]:| 28 @100 KHz| 19 @1 MHz 16 @1 MHz 26 @1 MHz
Beam currentk (STD) [ppm]; not measure 49 @1 MHz 25 @1 MHz 32 @1 MHz
GNDfluctuation forlk [ppm]:| not measure 38 @1 MHz 18 @1 MHz 32 @1 MHz

CCPSZapacitorChargingPower Supply

J

(

J

Y Y
Four CCPS (each 30 kJ) operate in parallel. Single CCPS (35 kJ) operate.

U PAELXFElandSACLA@SR8e the same configuration as

i

shown in Fig. 1.

GNDfluctuation was measured before the start charging
CCPS and before turning on Thyratron at-RREland

SACLA@SP8

PFN charging voltage: 42 at PAEEland 48 kV at

SACLA@SP8

Measurement time: 3 min. at PAFEland 2 min. at

SACLA@SP8

Common mode 1f|1_9. Differential | |5 10 one
—e{ noise reduction amplifier DPO70151)
filter DA1855A
T Ext. Trigger
Modulator Refernce voltage Triggering T‘T’?-/i;a;;c:-n
Ik Fig. 1 AC line B/D o
VK Optical
ANV }
|
AC 100V linef ~ Synchronized _|___JI___ Trigger
—— =t pulse generator C A —— generator
DON-A TECH synchronized trigger

DG-645A

TTRV2CTRTINN

rvoun oo @KeEK )
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A Stability: <5

_|
{l"’

_|

_

| | o o | | |
e | et | veral | Horziacn | T | Derty | cursors | Messure | wask | st | wyScope | snavas | uies | nee [ Tai

CCPS CHARGING SCHEDULE & SYSTEM EMI NOISE®

A

Capacitor voltage: I

I |
%Avarage charge powe

|

Peak current Ip: :

|

|

Avarage current lave:

_U__________
=
=l B

'<——pPeak charge power—=><—>

ey

External trigger <«——p (Repetition priod)
el

A

CCPS ON:

A

CCPS OFF:

v

Thyratron ON:

P[W] — %3 C 3%I[-|\2RGE
PEAK -I-C ’

[W]
2° Reax
[V] ’
HARGE_MAX

| [A]

— |IA]
PEAK

2

AVE — _

V] _% T E/I]IARGI

AVE

&

Al
P PEAK

File \ Edit l Vertical ‘ HoriziAcq | Trig ‘ Display ‘ Cursors ‘ Measure
G | e =TT

- [A

47175V (

T o L

Stand

ard deviation)

I
] Measurer
quiet peri

nents Haken during

nds.

P Y S| S N S N 1 S )

R(e).S36V

(Cer)1.omvidiv 500 By:20.0M 50.0ps/div 200MS/s 5.0ns/pt
(c4) 700mV/div 1MQ §y:20.0M Run HiRes
5324 acqs RL:100k
Value Mean Min Max StDev  Count Info Atilsaunyiicaote.  Aeaiio
(=) Pk-Pk  [52000V_ [520.00002p [120.0y  [520.04  [1.777a  [5.325k | | b Ra
(#s ) StdDev [4747uV__ |47.441679y [27.76p __ |49.66p  [20.62n __ [5.325k | |
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o STABILITY MEASUREMENT OF BEAM CURRENT™™

!
|

B CCPS and thyratron-tut Klystron beam voltage

Measurements taken during
work periods. '

B

PFN Voltage : 42 [kV]

Accumulation time : 3 [min]

Repetition Rate : 60 [Hz]

Trigger Thyratron Synchronized with AC line

37.6°PM @STD

, / Measurements taken during-
G o work periods. |
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@NSRRC CO N T E N TS Jan/08/2026

1. Very stable of klystron beam voltage and its repeatability.
o PFN capacitor charging voltage stability: <30 ppm (<0.003%) @40~45 kV
[H CCPS (Capacitor Charging Power Supply)
0 <50 ppm (<0.005%) @300~350 kV

2.Low EMI noise klystron modulator power supply.
o Faraday cagd#ype modulator power supply cabinet.
[H Oil-field closed metal cabinet at SACLA.
[H Openair closed metal cabinet at PAXFEL.

3. Accelerating structure.
o High electric field gradient operation.
b 30~35 MV/m @SACLA
b High quality OFC (Oxygen Free Copper). @ SACLAXHAILL
o0 CHOKHnode structure (so call Shintakstructure).
['H Wake field damping structure. @ SACLA.
0 Double-Feed Coupler Cavity. @ SACLA,-REEL
o Very small phase error.
M<0.1 X &XFHL
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@NSRRC FARADAYS CAGE

Faraday s Cageis the best way to reduce the EMI leak from modulator power supply.

no interference for both inside and outside EMI: ElectreMagnetic Interference

|: current
put metal case cover

need low

inductance. ﬁ Eds= < ﬁ ds £

QIds:O

ﬁ: surface integration on metal

Y&Y

just potential earth

E: electric field
— M: magnetic field

No need thick cable between metal case and  |: induced current
ground because you know just potential earth

Jan/08/2026
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@NSRRC

There is no EMI leak from inside of metal
cabinet at an ideal metal shielded cabinet.
Howeverwe need communication between
inside and outside

Wrong way

Large EMI current flow

on metal surface
EMI radiations

W o

Noisy circuit

Cross tallEMI current from

Large EMI current flowl
somewhere

Simple communication holes on the metal
cabinet would cased be large EMI leak.

INTRODUCE EMI NOISE FILTER

N

N0|sy circuit

UAY

current flow

Zero current flow at
ideal case

Jan/08/2026

[ﬁlEds: Dsﬁds =), DS Idf) ©

[} surface integration on metc

E: electric field
M: magnetic field
I: induced current

Right way

Not perfect, but very efficient

EMI filter

/ >
No actual current flow gt
Ideal case

&

Clean\t

signals

ommunication

Need filters to reduced EMI leak
from metal cabinet.

hiroshi.matsumoto@kek.||



R EMI NOISE SOURCES IN RETURN LINES ™

The induced electromotive forééis proportional to the rate of time change of the numbenf
magnetic lines of force passing vertically through the €aifaday's law(1831)

S vy P
I
& _/"
1 T d
—T - — ) W=N= - 9
1 1 .
! . — Inductance of current return line.
. S Y N: number of turns of coil ) |
mmm oo . Y G201t YIFI3IYySGAO FtdzE GKNRAZAK GKS
FIG. linduced electromotive force by the coil t: time change

In the FIG. 1 when turn on or ofthe switch the ammeter displays a current
proportional to its speed, alternating positive and negative. When the magnetic flux
passing through the colil, an induced electromotive fovdenduced electrokinetic
force) is generated in the coil, and as a result, current flows.

hiroshi.matsumoto@kek.||



B Purpose of electrical grounding of facilities e
1. Purpose
To reduce and prevent electric shock to the human body due to electrical - If not grounded. A

leakage of equipment.

Transformers on poles

Breakers

Earth Leakage
Breakers

Voody = Hear *Reoay ———

ody ~— ‘'Leak

TN NNEN NN RN NN lilllll

Breakers > Q[JOUI] _ VV[ 3t[sec
: Body Body
: 200V
: Outdoor® Indoor " 3
. —F Wen grounded.
i 1
= Electrical equipment AC outlet
Earth E Earth} §ir Main leak current (]) No electric [=
grounding = grounding .!. | >>| f"f[ S tutrentf|) shock
llllllllll illllllll.‘lllllllllllllllllllllllllllllllllIl Eart
a Groundin

The current path in the event of an electrical leakage at the equipment.
LA X
rb Connected to facility earth ground,
A The work current in a device and the current due to equipment ground fault are completely different phenumend

A current to flow through the device in the event of a leakage current in the device.
A Since the working current of each device is in a closed loop, no current is generated at the facility ground when
there is no leakage current.
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@NSRRC

Gore Cable Type

Maximum Frequency (GHz)
Typical VSWR

Typical Insertion Loss (dB)
Impedance (Nominal) (Ohms)

CABLE SELECTION FOR RF AND VIDEO SIGNALS™

RF & RF video signal, ACCT, Video camera

6 18

Typical Phase Stability (degree)?

EMI voltage”
1.08:1 1.27:1
1.20 2.19
50 or Strength
+0.5 +2.0 Protection

Typical Amplitude Stability (dB)2
Dielectric Constant (Nominal)
Velocity of Propagation (Nominal) (%)

¢+0.05 "
1.4
< Theseamless outer conductdnas a

ELECTRICAL PROPERTIES

Shielding Effectiveness (dB through 18 GHz)3

Time Delay (Nominal) ns/cm (ns/in)
t -XHEfacilities chosethis type of cable.

>E1580 small series inductance and small EMI
0.04 (0.103) leakage to the inside.

_ , 0.3~1mm, 3 ~5turns
Noise searchoop antenna —

Scope an®dr spectrum analyzer . 80 ~ 100 mm
N Enamel wire or formal wirg Q q
— WI=N &
i ﬁ dt
N: number of turns of coil. _ N3 S dl
L= coil length. [m] L a7

S crosssectional area of the coilm?]
. - lines of magnetic force through the coil (magnetic flux) _
d: angle formed by the coil surface and the magnetic figld (Magnetic flux)
B: magnetic flux densitfWb/m? = 1T]

EMI noise

hiroshi.matsumoto@kek.||
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@ SACLA Advantages Presented by Dr. T. Inagal
1) Environmentally free: Most highvoltage circuit failures are caused iy K dzY A ahddaiRedza 0 €
2) Low noise: Klystron drive voltage stability is limited by noise.
3) Compact size: Allows higher space dielectric breakdown voltages.

; Modulator

NICHICON CO.
IDX CO.
NIHON KOSHUHA CO.

Insulatingoil-filled

- Compactl.5mx1mx1im

- Air-tight: rubber Qring at top
Stainless steel tank

- Electric shield

- Movable

Inverter Power Supply
TOSHIBA ELECTFR@VE CO.
NICHICON CO.

. Output : 50 kV and 30 kW

. Voltage stability : €.5 %-p

. . o Preliminary measurement:0-15%p-
Base information from Dr. T. INAGAKI ( y pp) wirdshi matsumoto@kek

odulator
(Oilltank) -+
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@SACLA

| B[ 96 cahhis[; [ TR

e I mEL EI EI ED S BN SE S D EE EE EE EE EE S S e . .. T ~
7 Modulator Oil Tank X
Inverter DC '
High Voltage HV probe 18 cell PFN (Z=4.0Q) o
Power Supply Reverse |
Protection 360 nH “PPer |
_ |
! 22.3 nF I
I s Thyratron == I
+50 kV max. o = Switch I
1.5 Amp. 8| 8 CX1836) :
| x (@] N I
M 3 = ©
NIl F= s |
o o | © Moduldtor Output
I P——F I
I alr .
I ® —l_ | b 20 kv
\ 5 kA
-~ een ieon ’len” ® . . I N T I

/7~ Charging Cycle \

Voltage

17 msec

it}

/

/ 49 kv

-

Time
J

Pulse

Transformer [=

1:16
—Ir
-\
Vo
T
Bias
Inductor
Core Bias Cathode
DC6A Heater
AC 370 W

| C-band Klystron

E

Cathode

e
Beam Current

Current

Monitor Monitor

(k)

Voltage

(Vk)

@ Klystron Cathode

T

-2 5 usec

Presented by Dr. T. Inagal
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@SACLA Presented by Dr. T. Inagal

Lift up top panel All components are flxed by hanging from the top panel

hiroshi.matsumoto@kek.||



R LAYOUT OF COMPONENTS e

@ SACLA Presented by Dr. T. Inagal
Cooling water pipe Coils
; (Pulse Forming Network)
HV Input
(from Inverter

power supply) \

HV output /
coaxial cables 9 In

parallel
(41 mfor each)

EOL clipper | —

Return protection
diode & resister

Thyratron tube | \ \

(50 kV switching]

HV capacitors

Glassepoxy resin 22.3 nF x 18 sections
Base information from Dr. T. INAGAKI hiroshi.matsumoto@kek.j




