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PAL XFEL Project
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k « Commissioning: 2015

>~ * Total Budget: 400 M$

0.1-nm Hard X-ray 10-GeV XFEL

Project Period: 2011 ~ 2014

Building

780
1. Assembly 10
Linac Hall 5 ) inac 710
3. BTL 60
Unclzl-ltglﬁtor 250
80
XFEL 1. Front-end 20

Beamline ]
2. lI‘E;(I|I)er|ment 60
Total Length 1110

[m]




PAL 7

&'
2011 2012
Electron Beam 120 30
Injector 38 25
Linac 43
IDs 39
Photon Beam 15 30
Front End 3 5
BLs 5 15
Experiments Vs 0)
Building 65 400
Total 200 450
Local i )
Government*

+ Subject to approval by National Assembly
* For users dormitory and exhibition hall

2013+

425

5

356

64

/78

11

37

30

347

850
130

Current Budget Plan

2014
1,882
2
1,497
383
310
14
123
173
308

2,500
130

Total
2,457
70
1,901
486
423
33
180
210
1,120
4,000

260

Unitin 100 MWon = 100 kUSD



bis 74 Organization

PAL-XFEL Project

Director : 1.S.Ko
Deputy Director : T.H.Kang

Accelerator Experiment Support Project Management Q/A Team
Division (65) Division (56) Team (9) @)
Li Undulat Conventional Beamline| | |
T:arellang nTéJa%or Fgggrl]tqy Development
(32) (14) (19) Team (14) : :
+ Overall Beamline Design
Beam Undulator Building VUV * Vacuum & Girder support
Pyrges Magnet (14) Team (12) « Photon Beam Handling System
» X-ray Optical System
Diagnosis FIM & Utilit X-ray 1  X-ray Diagnostic System
Control MPS y . :
(12) 3) (5) Team (14) ~. ° Optical Laser System
* Interlock System
: * Electric & Utility & Motion Control System
Injector Vacuum X-ray 2 .
3) () Team (16) * Experiment Control & DAQ
* Experiment Instrumentation System H-XPP
Lbsar * Experiment Instrumentation System H-CXI
(3) * Experiment Instrumentation System S-XPP
Total: 137 |

(3 PhD + 4 Eng joined in 2012)
EE)I; ~30 more will join by 2014
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Site Plan and Buildings
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i o Site (Vertical Cut)

| Exp. Hi:ll(H) Undulator Hall(H) . BTL(H) _i_ Linac Assem
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bis "4 Site Plan (3D)

FH : 60 FH : 62%
Volume of 1,791,895 m? 1,128,200 m?
Cutting
Volume of 52,057 m? 99,522 m:
Filling

* Reduced building width by 5 m in average



bir- ' Building and Site Preparation

# Design company (Haenglim) finished the building design
by August

= Floor of the building is reduced by 14% from original design to
save the cost.

= ~38,000 m?2
# Construction company was chosen and the contract was
made in August 16.
s Consortium of POSCO E&C, SAMSUNG, and Dongdae

# Preparatory work beforehand
s Construction HQ buildings ready on October 12
s Tree cutting will be finished by November

= Temporary exit for the construction (to avoid traffic in residential
area) will be ready by November
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PAL #27 Tower on Oct. 14, 2012
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PAL-XFEL Control Room



Vis 4 Soft X-ray Hall

EXPERIMENT

Beamline Control Room




bis-' Hard X-ray Hall

EXPERIMENT HALL

Each beamline has its own control room.
Accelerator control can be done at this room.



AL Air Handling (Klystron gallery)

(1) Klystron Gallery, Linac Tunnel
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bis- T4 Air Handling (Undulator Hall)

(2) Undulator Tunnel &! B2, Tunnel 48
® Undulator Tunnel SL{EE-H AlE20|M

o UM Fg
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Design of
Linac, BTL, and Undulators



bis-1 Linac System

= Injector to 139 MeV + Laser heater

= S-band cavities for beam acceleration

= X-band cavity for linearization in time-energy phase space
= BC1 (15t magnetic bunch compressor) at 330 MeV

= BC2 at 2.52 GeV

= Beam branch to soft X-ray beamlines at 3 GeV

= BC3 at 3.93 GeV

= Linac end at 10 GeV

Soft X-ray
FEL

' >
3.15 GeV o

BC3 H L4

L3:S BC3_S De-Chirper

RF Gun

Laser
Heater

330 2.52 T 3.45

] :\#l >
MeV GeV Kicker GeV 10 Gev Hard X-ray FEL

Undulator Hall Beamline

Linac BTL

710 m 780 m 1000 m 1100 m



PALD XFEL Layout
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pis4 Undulators

Kicker PU + EPU Planar Undulator x 24
A =45nm ~ 1.0 nm A =06 nm ~ 0.06 nm
€-gun 3 GeV 10 GeV v
® . - HX1
e —> ¥ pu EPU Qt— ------------------- Hx2| EXP.
B Bl sXxi EXp. e o e e e i e i e e e i HX3 Hall
Two bunches BN SX2| Hall
at 60 Hz
Soft X -ray Undulator Hall Hard X-ray Undulator Hall
(=110 m including Dump Section) (~225 m including Dump Section)
Beam Energy [GeV] 10 3.15
Wavelength [nm] 0.06 ~ 0.6 1~ 3(413 ~ 1240 eV)
Wavelength Tuning 0.6 ~ 0.1 (Beam Energy) Undulator gap
0.1 ~ 0.06 (Undulator Gap)
Undulator Type Planar Planar (+ APPLE II)
Undulator Period [cm] 2.44 3.4

Undulator Gap [mm] 7.2 8.3



PALD Undulator Structure

Servo

Motor&Reducer
~~Undulator

ey 44 Frame
Magnet/ S 5 v Magnet
Module D oS Girder (Top)

X =
- , Linear
sl « Encoder

Universal
Joint Insert
Bracket
Magnet Girder
(Bottom) 2
Undulator 10

Adjustment



PAL

Undergoing R&Ds

Injector Test Facility
Modulator and CCPS
LLRF
RF Components
Undulator
Undulator Vacuum Chamber
X-band Cavity BPM (with SLAC)



PALD Injector Test Facility

RF gun Acc tube w/ Acc tube w/

& solenoid solenoid solenoid Laser heater

Em’?ﬁ::a l=ass D = ]E‘[—' .@
B TR
Spectrometer RF Spectrometer
dipole deflector dipole

Other diagnostics: screens, ICTs, phase monitors, BPMs, wire scanner

Aiming at the full characterization of the PAL-XFEL
Injector (139 MeV) and R&Ds for gun, cathode,
laser, timing, RF, control, and diagnostics!



ITF Location
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Lo Modulators

# One 120-Hz 80-MW klystron is ordered to Toshiba
# 4 modulators are procured.

= 2 units (for ITF) to Dawonsys
= 1 unit (for ATF) to POSCO ICT
= 1 unit to Scandinova to test solid state type

= Production capability of each company will also be checked

A

\
N

i 4 V.
///;;;;//////////. |




i o Test Result (tentative)

© Stability of PFN Voltage

> PFN charging Voltage : 40kV/60Hz, 2 & Al & = 8AIZ2t A1t = 2M 5 ¢4 122 SHet IHE 2.
» Point of measurement : 10usec before Thyratron switch ON

|‘ lyvmlica,l| | T,ig,‘| |‘CU,ISC.,T ] | = }f““? 1 |1Anal.y2f[ e ; @I I [z]

i Fie COPSBT L —— 3 PFN Capacitor : 1.4 [uF]

-1 Output Voltage : 40,000 [V]

1 Persistence time : 60 [sec]

1 Repetition Rate : 60 [Hz]

1 Standard deviation :106.0 [uV]
: [uV]x 5000 = 0.53 [V]

1 Output Stability : 13.25 [ppm]

Measuring region : I
|
I
|

R S T L S Y Ll IIIKIF\\I]'I O TSI 1L R SO i

L 1 1 1
@1.0mvldiv 50Q §y:20.0M [W(c_z) / 3.6V ] 20.0ps/div 5.0GS/s 200ps/pt
((c2)3.0V  Offset:-200mV 1MQ By:500M Run Sample l
Z 277 acqgs RL:1.0M
Value Mean Min Max St Dev Count Info Auto September 26, 2012 18:46:35
(Hs) Pk-Pk* —{t-+2mv—J4.0516931m [280.00  [1.12m 77320 [276.0 |
(Hs ) std Devl 106.0pV  [fo4.21641p [39.33p 121.3p 2.784p 276.0 |

I



pis4 RF System

# LLRF

= Two companies have developed PAD & PAC system

s Tentative result of PAD
+ Phase: 0.02 degree (peak-to-peak)
+ Amplitude: 0.01% (peak-to-peak)
x PAC

+ Phase: 0.03 degree (rms)
+ Amplitude: 0.026% (rms)

m SSA
+ 800 W

g SS3033 800W




JAL2 RF Components

# Accelerating Structure
# Energy Doubler
#® W/G components

# Domestic company has production capability with
facility and some experience

= Brazing furnace
= Vertical tuning system for AC
being prepared




PALZ2  Prototype ID assembled without magnet




PL2  Prototype production of ID chamber

Material for test: Al6063T5 = ingot (70%) + scrap (30%)
(This will be changed to 100% pure ingot)

Extrusion Stretching

Nov 11, 2011



machining




X-band Cavity BPM




pis4 Summary

A4
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PAL XFEL Project: 2011-2014
Total Cost: 400 MUSD

Building design completed.
Construction started in September 2012 (for 27 months).
Injector Test Facility is being completed.

Domestic production of Modulator, LLRF, RF components, ID,
vacuum chamber are studied.

ID field measurement system will be ready in February 2013.
Developing X-band Cavity BPM with a collaboration with SLAC

With ITF experience, we will finalize PAL-XFEL control
scheme.



Thank you for your continuous supports!




