Upgrade of Pohang Light Source (PLS) Linac

for PLS-II

S. J. Park, S. S. Park, W. H. Hwang, H. K. Kim, Y. G. Son, S. C. Kim,
M. G. Kim, S. H. Kim, Y. J. Park, J. M. Kim, B. R. Park, E. H. Lee,
K. R. Kim, S. H. Nam, W. Namkung and Moonhor Ree

Pohang Accelerator Laboratory, POSTECH

To be Presented at the XXV Linear Accelerator Conference, Tsukuba, Japan, September 12 - 17, 2010



Pohang Light Source (PLS)
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Past, Present and Future of PAL

Past L. PLS
» Project started

» Ground-breaking
= 2-GeV Linac commissioning
= Storage ring commissioning
= User’s service started
= 1st PLS Upgrade Complete
v'Energy ramping to 2.5 GeV
v 2.5-GeV injection
Present I.2" Major Upgrade of the PLS (PLS-II)
= 3.0-GeV PLS-II Upgrade begin
= Top-Up Operation in PLS
= 3.0-GeV PLS-II Upgrade Complete
Future 1L Proposal of PAL XFEL
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PLS-II Linac Parameters

Beam Energy

Normalized Transverse Emittance
Required Energy Spread for S.R.
Operating RF Frequency

Beam Pulse Length

Beam Peak Current

Machine Length

No. of Accelerating Columns

No. of Klystrons

SLED Energy Gain

3 GeV

150 mm-mrad
<0.2%

2856 MHz

<1ns

~1A

160 m

46 A x7 + 2 x 9)
16 (7 + 9)

~1.5



Lattice Layouts of PLS and PLS-II Linacs
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Comparison of Linac Parameters for PLS and PLS-II

PLS
MK1(1set) MK2 - MK11(10set) MK12(1set)
RF Power 55 MW 55 - 58 MW 56 MW
Klystron SLAC5045 Toshiba E3712
A/C IHEP Mitsubishi
SLED Gain - 1.5 1.5
Gradient 17.6 MeV/m 17.6 MeV/m 25 MeV/m
Energy 105.8 MeV 224.5 MeV per module 150 MeV
Number of A/C's 2 40 2
PLS-1I
MK1(1set) MK2 - MKO08(7set) MKO09A-MK11B(6set) | MK12A-MK12B(2set)
RF Power 60 MW 70MW 70 MW 70 MW
Klystron SLAC5045 Toshiba E3712
A/C IHEP Mitsubishi
SLED Gain - 1.5 1.5
Gradient 18.3 MeV/m 20.9 MeV/m 29.6 MeV/m 29.6 MeV/m
Energy 105.8 MeV 251;30'\33}2 per 177;5‘0“33}2 Per 177.5 MeV
Number of A/C's 2 28 12 4




Energy Upgrade Plan (1/2)

o 1st Stage (2010 Summer): Double RF Station for MK11 Unit.

« 2 Stage (2010 Winter — 2011 Spring): Double RF Stations for
MKO09, MK10 , and MK12. Add two A/C’s at Linac End (MK12B)

70 MW(7set) 70 MW(6set) 70 MW(2set)
MKO01 MK 02 MKO8 MKO09A MK11B MK 12A MK12B
S01-S07 S08A — S10B S11A, S11B
E =3.286 GeV
20.9 MV/m, 251.0 MeV 29.6 MV/m, 177.5 MeV 29.6 MV/m, 177.5 MeV

IHEP A/C’s Mitsubishi A/C'’s



Energy Upgrade Plan (2/2)

MKO9B & MK10B
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Red color : Adding New Modulators, W/G Network, A/C
Yellow color : Replaced Modulators and W/G Network



Energy Stability Analysis (1/3)

- Energy Jitter vs. RF Power Source lJitter -
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Fnerav Stahilitv Analvucic (2 /)
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- Numerical Calculation for PLS Linac -
1600
1400 F i
5 =01 3
1200 ® 0.5
e
1000 - 44 v
o
800 &
w
BO0 g,
A00 - 14 v v v v
200 - 04 e . aniti
L ' e T i e
0195 019 0185 018 0175 017 0165 016 -0.155 -0.14 deNk (%)

OE/E

Numerical Calculation of 3E/E distribution for O£/ £ Versus various comb;na’uons Of v; and 69,
PLS Linac. Standard Deviation = 0.34% N =12 ¢, = 0" (for all J's)



Linac Upgrade Activities during

2010 Summer Shutdown



Electron Gun Upgrade (1/2)
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Electron Gun Upgrade (2/2)
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[Old Control Systems(Gallery)] [New Control Systems(Gallery)]



ng Upgrade

Q

We have independent temperature controls for each
SLED cavities to obtain temperature stability < +/- 0.1 °C
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Doubling MK11 RF Source




Doubling MK11 RF Source Power
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Lab-Test of New Modulators

MK11A Modulator(Pulse width : 8 us) MK11B Modulator(Pulse width : 8 us)
CH1: 100 kV/div  V,,(Yellow) : 400 kV C1: 100 kV/div V... (Yellow) : 394 kV
CH2: 100 A/div Ipo.m(Red) : 463 A C2: 200 A/div 1., (Red) : 454 A

CH3: 10 kV/div Voey © 43 kV C3:30 kV/div Vg : 44 kV
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LLRF Upgrade
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Timing System Upgrade

File Control Setup Trigger Measure Analyze Utillties Help 31 Aug 2010 10:21 AM

File Control Setup Trigger Measure Analyze Utilities Help 8 Jul 2010 5:50 PM
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Beam Position (mm)

2010 September Top-Up Test Operation

(9/3 18:00 — 9/6 09:00)
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Beam Position (mm)

Energy Jitter
(Measured by Digital BPM @ BAS3, 9/9/2010)
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* 3000 samples (beam repetition rate = 10Hz)
« Dispersion = 250 mm (10 MeV/mm)
e RMS lJitter = 0.19% (cf. 0.36% measured on 7/12/2010)



Mean Beam Position (mm)
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Test Stand (2004 - 2006) Fs-THz Source Facility (2008 -)
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Summary

A major upgrade to the Pohang Light Source (PLS), the PLS-II is
well progressing.

. The PLS Linac is being upgraded to 3 GeV to be within existing

building.

. In 2010 summer one acceleration unit (MK11) was successfully

modified to double the RF power.

Upgrades of cooling system and installation of digital IPA
system greatly |mproved the energy stability.

Test of t LOp-up upcmuun for the PLS bLUlag i"llg an
proved excellent linac energy stability.
High-brightness source R&Ds have been done to promise the
bright future of the Pohang Accelerator Laboratory



