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Aerial -f PAL

0.1-nm Hard X-ray XFEL
Project Period: 2011 ~_ 2015
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Aerial View of PAL

July 2013



Pohang Accelerator Laboratory

Aerial View of PAL

0.1-nm Hard X-ray XFEL
= Proj_ect Period: 2011:~ 2015

July 2014
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Aerial View of PAL

0.1-nm Hard X-ray XFEL
= Project Period: 2011 ~ 2015
= Total Budget: 400 M$
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HX Experimental Hall (60 m)
HX Beamline (45 m)

Main parameters

e’ Energy 10 GeV

e Bunch charge 20-200 pC
Slice emittance 0.4 mm mrad
Repetition rate 60 Hz

Pulse duration 5 fs — 100 fs
SX line switching DC (Phase-1)

Kicker (Phase-2)
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Linac Major Devices

Classification Section K&M A/S g:ﬁg?gr
Injector linac 3 2 0
L1 2 4 0
L2 10 40 10
Hard X-ray main linac L3A 2 8 2
L3B 2 8 2
L4 27 108 27
Soft X-ray linac 1 4 1
Deflector (S-band) L1, L3 3 4 0
Linearizer (X-band) L1 1 1 0
Total No. 51 181 42
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Modulator type $-band typel $-band type2A | S-band type2B || 5-band type3A | S-band type3B | X-band typed
RF Output Power MW a0 a0 a0 25 25 50
Modulator Peak Power MW 200 200 200 62.5 62.5 162.9
Beam Voltage kv 400 400 400 245 245 450
Beam Current A 500 500 500 235 255 362
Beam pulse width ps 7.5 4.0 4.0 5.0 4. 3.2
Modulator Average power kw 90.0 48.0 8.0 18.7 2.5 31.3
Repetition Rate Max. Hz 60 60 10 60 10 60
RF Pulse width(Flattop) Ks 4.0 1.5 1.5 2.5 1.5 0.7
Load Impedance Q 200 200 200 960 960 1.243
Pulse Transformer Turn ratio 17 17 17 11 11 20
RF Average Power kw 19.2 7.2 1.2 3.75 0.375 2.1
PFN impedance Q 2.7 2.7 2.7 7.9 7.9 311
PFN Voltage kv 46 46 46 46 46 46
Beam Voltage Stability. rms %4 0.0050| 5} 0.005 O|5} 0.005 0|5} 0.005 0|5} 0.005 o|a} 0.005 o|a}
Klystron micro perveance pp 1.98 1.98 1.98 21 21 1.2
Klystron Model E37320 E37320 E37320 E37308 E37308 XL-4
Mod. Cabinet Size(WXDXH) M 1.6X1.6X2.2 1.6X1.6X2.2 1.6X1.6X2.2 1.4X1.6X2.2 1.4X1.6X2.2 1.6X1.6X2.2
== 42 3 2 2 1 1
= =2 OEALZE 2156t EADICT Dawonsys Dawonsys Dawonsys HADICT

PAL_XFEL Accelerator vivision

.0. Lee ronang Acceilerator Laporatory, |ns@postecn.ac.kr
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St nt

* BNC Cable Specification
(D) 5-04262 B-01, 13M % | S-band type2B || S-band type3A | S-band type3B | X-band type4
@ S-04262 B-01, 1M
@ RG-58, 3M
& RG-58, 3M 80 25 25 50
AC220V AC220V AC2207
DD 4] Extemal Sy Device i 200 62.5 62.5 162.9
10,000:1 15Hz, B0 Hz|
e st T 400 245 245 450
i OSCILLOSCOPE
YDPO7104, Tecktronix 500 255 255 362
g DA1855A . o
ot ek 4.0 5.0 4. 3.2
5
o (@3 mm amplifler 4 [F—, a1
|° aoa # ¥ooGy olf [P ="a|3|"z]l"2 "= 2.0 13.7 2.3 31.3
T“" 10 60 10 60
@
1.5 2.3 1.5 0.7
Load Impedance 0 200 200 200 960 960 1,243
Pulse Transformer Turn ratio 17 17 17 11 11 20
RF Average Power kw 19.2 7.2 1.2 3.75 0.375 2.1
PFN impedance (4] 2.7 2.7 2.7 7.9 7.9 3.11
PFN Voltage kv 46 46 46 46 46 46
Beam Voltage Stability. rms %4 0.0050| 5} 0.005 O|5} 0.005 0|5} 0.005 0|5} 0.005 o|a} 0.005 o|a}
Klystron micro perveance pp 1.98 1.98 1.98 21 21 1.2
Klystron Model E37320 E37320 E37320 E37308 E37308 XL-4
Mod. Cabinet Size(WXDXH) M 1.6X1.6X2.2 1.6X1.6X2.2 l.6X1.6X2.2 1.4X1.6X2.2 1.4X1.6X2.2 1l6X1.6X2.2
== 42 3 2 2 1 1
= =2 OEALZE 2156t EADICT Dawonsys Dawonsys Dawonsys HADICT
PAL_XFEL Accelerator vivision "O. Lee Fonhang Accelerator Laboratory, Inswpostech.ac.kr
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* BNC Cable Specification 1
(@ 5-04262 B-01, 13M
@ 5-04262 B-01, 1M
@ RG-58, 3M
@ RG-58, 3M
AC220V
CVD(VD-425) Extemal Sync Device
10,000:1 15HZ sonz| |;
mu;@ u;gmz ? ______
OSCILLOSCOPE . . TR
Y0P 07104, Tecktronix
DAI855A
Front Back
E gazaasll [Campirier & [#——
o ﬁ%nwwn mt':)ut :
+10
@ )] f
< P e B o
[ g 10 00 Byzoom | S ][ 1o0nwiaiv 1088 tonap
Value Mean Min Max 51 Dav Count IMB] ::;ml L A0k
Load Impedance 0 200 200 vy B e e ot e
Pulse Transformer Turn ratio 17 17 17 11 11 20
RF Average Power kww 19.2 7.2 1.2 3.75 0.375 2.1
PFN impedance 0 2.7 2.7 2.7 7.9 7.9 3.11
PFN Voltage kv 46 46 46 46 46 46
Beam Voltage Stability. rms % 0.0050| 5t 0.005 0|5} 0.005 0|5} 0.005 0|5} 0.005 0|a} 0.005 0|a}
Klystron micro perveance pp 1.93 1.93 1.93 21 21 1.2
Klystron Model E37320 E37320 E37320 E37308 E37308 XL-4
Mod. Cabinet Size(WXDXH) M 1.6X1.6X2.2 1.6X1.6X2.2 l.6X1.6X2.2 1.4X1.6X2.2 1.4X1.6X2.2 1l6X1.6X2.2
== 42 3 2 2 1 1
= =2 OEALZE 2156t X ADICT Dawonsys Dawonsys Dawonsys HADICT
PAL_XFEL Accelerator vivision "O. Lee Fonang AcCelerator Laboratory, Inswpostech.ac.kr
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* BNC Cable Specification
1 S-04262 B-01, 13M
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* BNC Cable Specification 4 ] T :
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Stability Measurement

PAL_XF
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Gallery View
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Gallery View
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Gallerl View
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Electric Istortion

~M 17 18 19 20

PAL_XFEL Accelerator Division s@postech.ac.kr
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Tank shield size: 1500X1500X1800
Steel thickness: 3.5 mm

Lead thickness : 5.0 mm

Main ingredient of lead

Lead ingredient : Lead (Pb) 97% ,

Stibium (Sb) 3%

Density : 11.19 g/cm?
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Sound No.rotection

+* Specification of sound absorbing material

v Installation at the inside walls of the radiation shield

v'Size : 1500 X 1500 X 1800 mm
v Thickness : 50mm
v’ Type : Eggs soundproofing

PAL_XFEL Accelerator Division H.S. Lee Pohang Accelerator Laboratory, lhs@postech.ac.kr
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Sou tion
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Linac Hi

PAL_XFEL Accelerator Division
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H.S. Lee Pohang Accelerator Laboratory, lhs@postech.ac.kr
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Linac H- System

PAL_XFEL Accelerator Division

H.S. Lee Pohang Accelerator Laboratory, lhs@postech.ac.kr
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Linac

PAL_XFEL Accelerator Division

H.S. Lee Pohang Accelerator Laboratory, Ihs@postech.ac.kr
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Linac H- System

PAL_XFEL Accelerator Division

H.S. Lee Pohang Accelerator Laboratory, lhs@postech.ac.kr
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Linac High -ler System
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Linac TuReView (L2-1)

6/1

PAL_XFEL Accelerator Division H.S. Lee Pohang Accelerator Laboratory, lhs@postech.ac.kr




Pohang Accelerator Laboratory :&?

7/1

PAL_XFEL Accelerator Division H.S. Lee Pohang Accelerator Laboratory, lhs@postech.ac.kr




Pohang Accelerator Laboratory

PAL_XFEL Accelerator Division

H.S. Lee Pohang Accelerator Laboratory, lhs@postech.ac.kr



Pohang Accelerator Laboratory :ﬁ?

PAL_XFEL Accelerator Division H.S. Lee Pohang Accelerator Laboratory, lhs@postech.ac.kr



Pohang Accelerator Laboratory

PAL_XFEL Accelefato

DV O

Wave

uning

I'.o. LCC I_Ufldllg ALCLCICTIalUl LadbUrailory, Iir

ech.ac.kr



Pohang Accelerator Laboratory (.Pf)LYQ

Waveguitle Tuning
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Waveguide Network Phase Tuning Results

M Phase Error Before Tuning

B Phase Error after Tuning
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File Edit Search Run CS-Studic Window
9 o - ‘::L?;ﬁiﬁgﬁv:g;‘v:

i1 N_mod_global.opi &2 | iz RF - Global

Help

# =1 1005

- - -

50 kV

40 kV

30 kV

20 kV

10 kV

0 kV

Click here for RF Auto Conditioning !

PAL_XFEL Accelerator Division

L1 2

H.S. Lee Pohang Accelerator Laboratory, Ihs@postech.ac.kr
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File Edit Search Run (CS-Studic Window Help
I ;I—;'\‘.ﬁ;ﬁ;ﬁ;@;gﬁvggnv; B=|

i HL4:MODO1 Modulator Controller - Main 32

(f =1 100% > - =

L4-1 -
All | Klystron Beam Voltagﬂ| acuum || elc || spare|
—Control Mode AAtga @k Fx 95
High Voltage 0.000 kV
pe R ___ _ m %3 73 84
] il dike
i §4 G- 8 :
High Voltage On/Off HV O @ HV OFF —Interlock = 4 %_: - :
: . 3 A=
wdEund
Stepl | 30.00kV | 10second ) s § -
= F=> 3=
Step 2 ‘ 4130%V | 10 second m% s gﬁ_
Jedgedie
s 49 4247
A8 ad®
e e T
9 BeamVoltage 57KV 00KV @) Klyjstro Vi — R )
e e
& Beam Current 121 @ Gallery Vacuum 163V o ] . ] 87
== &= 3
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=L 3
& PEN Voltage 0.0V # Tunnel VAcuum 2 341V ERE -
s T T T T T T T T T | T | T | T T
10:30 11:00 11:30 12:00 12:30 13:00
2016-05-07
Klystron, Thyratron HTR RES Flow, Temperature CCPS TUN_VAC.L [V} TUN.VAC 2 v HV [V GALIVAC KLY.VAC [mV]
| Event Timing ‘ [ Auto Conditioning ‘ IOscilloscope ]

0o oa / 0o oa

4| T |

PAL_XFEL Accelerator Division H.S. Lee Pohang Accelerator Laboratory, Ihs@postech.ac.kr
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[ CS-Studio

o

le Edit Search Run

S CRCRRRED S

i HL4:MODO1 Modulator Controller - Main 32

CS5-Studio Wi

e |

L4-1
High Voltage 0.000k
DC HV Run Time 3948 ho
High Voltage On/Off F]

Step1 30.00 kV 10
Step 2 41.30kV 10

# Beam Voltage 57 kV 0
# DBeam Current 121

# EOLC Current 1401
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' e

PAL_XFEL Accelerator Division
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Time
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13:27
Time
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f A
1
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I i i L)
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I I A
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gia [HLA:MODO01] Medulater Aute Conditioning GUT 33
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Timing and RF Generation System

-
Phase Shifter -
PAD&
PAC

2856 MHz CW, optical cable
'

BOO W Peak
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X—-ba

D-coupler

stem

Length
(mm)

Quantity

WR-90 Straight*

1223

450

WC-293 Straight*

4579

WR-90 E-bend

WR-90 H-bend

Input Arm

Magic Tee

WR-90 Pump out

55dB D-coupler

Mode converter

Transformer

Iris window flange

Window

Pump out spool WC1.5

Dry load

Flange Conv.(F2F)*

RPlW | RPR[IPININININ][IWIRPRP|ININ]IN]IRP]RP]|P-

b
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Rekeee &
? 9 e o '!E 0
R
H-ﬂ- - 2
- =
Specification
REF : 2.856
Frequency PAD & PAC : 11.424 |CHZ
PAD Ch. number 10 (2 REF)
Phase stability 0.1 (EMS, Degree)
Amp. stability 0.04 @<-5dBm (RMS, Voltage(%))
PAC pulse rising time < 15ns
; Ref: 0 ~ 5 dBm
PAD input power range Tl B LR o
PAC output power range -8 ~ +8 dBm
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Specification

Frequency Range 11424 + 10 MHz
- . . ' Pulse Repetition Rate 5 ~ 120 Hz

Pulse rise/fall time < 30 ns

Pulse width rangs 01 ~20ps

Small sigral gan +59.0 dB

Max. Output Power > 1000 W

Harmonics -40.0 (max)

Spurious -65.0 (max.)

Input return loss <115

Output return loss <115

Feature

Main TR GaN HEMT

Power Combiner 20 ways Radial Power Combiner
T S N TP TR T | e ‘e TN |
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Installation & Commissioning

= Linac RF conditioning / Injector commissioning
= ]t FEL commissioning for 0.3 nm HX @10 Hz
= 2nd FEL commissioning for 0.1 nm HX @10 Hz

2015. 11 ~2016. 04
2016. 04 ~2016. 08
2016. 08 ~2016. 12

Modulator &Klystron

RF system

LLRF

WI/G tuning

Linac RF conditioning
Injector commissioning
Linac commissioning
0.3 nm FEL commission

0.1 nm FEL commission

1

2015
2034 56|78 9 ON| D 1

>

2016
203 4/5/6/7/ 89 0ON|D
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Thanks for Your Attention!
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