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TLS accelerator layout and key milestones

The most densely—packed SR ring with the e Commission in Apr. & open to users in Oct. 1993

highest number of superconducting 1Ds! * 1.310 1.5 GeV ramping in operation in 1996
e 240 mA operation beam current in 1996

A » Booster full energy injection in 2000

 Sc. wavelength shifter in operation in 2002
» Cryogenic system & SW6 available in 2004
» SRF cavity in operation in Feb. 2005

IASW6-R4  Top-up injection implemented in Oct. 2005
15t IASW installed in 2006 & 2" IASW in 2009
360 mA top-up & 39 IASW in 2010

Storage Ring
(1.51 GeV)

Booster Ring
(1.51 GeV)

IASW6-R6




Weekly report and accumulated dosage
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Operation statistics during user shifts
Availability of TLS user time
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No. of User-runs

Experimental Runs
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Users Distribution

6.5% international proposals

1994 1996 1998 2000 2002 2004 2006 2008 2010

3% international users i

1994 1996 1998 2000 2002 2004 2006 2008 2010

Distribution of users' proposals in 2010
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SCI papers SCI P“blicati()n StatiStiCS

150
300 279
4= SC| total no.
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200 | 100
Top 15%
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100 A 50
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50 — | 25
J
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Remark:

1.Top 5% ~ 10% and 15% include SCI paper in the field of natural science and life science.

2.Top 5%: IF > 6.0 in natural science, and IF > 9.0 in life science.

3.Top 10%:1F > 4.5 in natural science - IF > 6.0 in life science -

4.Top 15%:IF > 3.5 in natural science - IF > 4.8 in life science -
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Status and Progress of TPS



Major Parameters of Taiwan Photon Source

Energy

Current

SR circumference
BR circumference
Lattice

Straight sections

Bending magnets
Emittance
Coupling

RF frequency
RF gap voltage
RF power
Location

Building

3 GeV (maximum 3.3 GeV)

500 mA at 3 GeV (Top-up injection)

518.4 m (h =864 = 2533, dia.= 165.0 m)
496.8 m (h = 828 = 22-32.23, dia.= 158.1 m)
24-cell DBA

12mx 6(o,=12 ym, o,= 160 pzm)
Tmx18(o,=5um, o,=120 um)

48

1.6 nm-rad at 3 GeV (Distributed dispersion)
1 %

500 MHz

2.8—3.5 MV (3 SRF cavities)

750 kKW (3 SRF cavities)

No. 101, Hsin-Ann Road, Hsinchu, Taiwan

Outer diameter 210 m ; Inner diameter 129 m



Taiwan Photon Source (TPS)
3 GeV, 518.4 m, 500 mA ;
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' Natural emittance: 1.6 nm-rad
Straight sections: 7 m (x 18); 12 m (x 6)

3D Aerial View of NSRRC 9



Concentric booster and storage ring

The largest investment for
scientific research program
in this country in history.

Distributed ufility and
control instfYumentation

d



Utility, control and instrumentation for one
cell lattice




Comparison of brightness between TLS and TPS

The X-ray spectrum (photon energy 8 keV ~ 70 keV):
the brightness of bending magnet =10°.
the brightness of |1Ds: 4~6 orders of mag.

e Tt = I

105

Brilliance (phis/0. 1%twimen ime 10.44)

1} e a9’ 10" [ 16" 10° 10° 10
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Major parameters of TPS storage ring

Circumference C (m) 518.4
Energy E (GeV) 3.0

Beam cuurent (mA) 400
Natural emittance g, (nm-rad) 1.6
Straight sections (m) 12 (x6) + 7 (x18)
Radiofrequency (MHz) 499.654
Harmonic number h 864

RF voltage (MV) 3.5
Energy loss per turn (dipole) (MeV) 0.85269
Betatron tune v,/v, 26.18 /13.28
Momentum compaction (o, ;) 2.4><10'4, 2.1x10°
Natural energy spread og 8.86x10™
Damping time t,/1,/t5 (MS) 12.20/12.17 / 6.08
Natural chromaticity &,/¢, -75/-26
Synchrotron tune v, 0.00609
Bunch length (mm) G, 2.86
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Alternative lattice configurations

« Low a short bunch --
reduce 1 —orderasothat & 1 T T i g =7.3e6
bunch length can be e e = 2.8 nmerad.
reduced by a factor of 5 (a "
few ps).

e High/low B, in the straight -
- provide tuning flexibility
for optimizing photon beam
properties for the
experiments.

s [m]

functions [m]

I I.l 0 0 Uf;!:rf!:m_m l. ILFHU
 Double mini- B, in the long . ar ars o
straight — accommodate " o1 » o
two mini-gap insertion - S
devices in a long straight. % i
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C.C. Kuo etc. 15



Accelerator application tools for beam
commissioning and operation

Beam Based Alignment
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TPS Sub-syst

iﬁr-ﬂﬁwﬁ*%

Four types of QP lamination shape

| Extended type .! .

Cutting tzpe

H-type DP lamination shape

C-type
Standard type *
BrESTHERE R
(B1apt (FBS)
Specification
Max. volt/cur.:  *50V/+10A

Current ripple: 10 ppm
Short term stability: 5 ppm
Long-term stability: 10 ppm

Total 750 units to be fabricated by local company

TPS# R 1245 F W &

N LACT AT
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KEKB Type SRF Module

Installed at
KEKB (508 MHz) and
BECP-II/IHEP (500 MHz)

— RaTs

e
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Recovery O Removal
and Gas Manager
System

This Layout of Refrigarator, Main Dewar,
and Walve box Area
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Analyzed (N, H0, Ol
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7000 Mor main Dirwar rogenratoc

3D dipole Al chamber machining
1. Inclean room

2. QOil free environment

3. High precision on profile




Software development for the accelerator control

TPSE #wik B8 EPICS N @4 & 4 AR 33 A $RE BB L E B mik B

# To enable early testing of applications through the control system, a virtual
High Level Matlab Applications accelerator has been implemented to give simulation of the accelerators though the
(scripts and functions) intended EPICS PV interface. Prototype was set up by the help from DLS.
# Current version is AT/MML version.
# Virtual booster and linac are also possible near future!
# Many facility have such kinds activities: SNS, KEK, J-PARC, DLS, ... many

others! A —
Accelerator Toolbox (AT) Virtual TPS__-anragzi-Riqg

(Blode) RRIAYES
/ VAEFICSIOC TPS Storage Ring _,
Channel Access to . .
Accelerator Hardware g EPICS Process Database (Lattice designed by
ED &roup) :

EPICS Process Database
Qo) Y eom YD)

|||||

Virtual TPS Storage Ring 10C
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Parameters of GHe tanks (completed)

Cryogenic System for SRF Cavities

Parameters BE?TE;IQIUE Unit
Cold box

Maximurm refrigeration capacity Foo Iy
Inlet GHe temperature 300 54
Mo. of turhines 2

Mo. of heat exchangers ]

Mo, of 80k absorbers 2

02 impurities 0.01 ppm
M2 impurities 3.6 ppm
Mo, of 20k absorbers 1

Pressure drop of return gas thru HEX s <120 mbar
Helium storage tanks

Mo, of tanks 4

olurme 100 s
Design pressure

Operation

3. Sand Blasting

1. Welding

TPSE&
FEESLE

Before sand

L3St

2. He leakage rate test
at 18 barg mixing
gas (3 barg He and
15 barg N,)

19



Basic parameters of 700 W LHe cold box
(delivery in July9 2011) Turbines Cooler

Cryogenic Systermn for SRF Cavities

Parameters Ba??;;lue Unit Comment /
Cold box

Maximum refrigeration capacity 700 Iy at 4.5k
Inlet GHe temperature 300 K

Mo, of turbines 2

Mo. of heat exchangers ]

Mo. of 80k absorbers 2

02 impurities 0.01 pRm

M2 impurities 3.6 ppam

Mo. of 20k absorbers 1

Fressure drop of return gas thru HEXs <120 mbar at 700y

The Multichannel Transfer
_Line adaptor

Distribution valve box

GHe return line

Turbine Coaoler

LN2 Supply Ling

Electrical Junction Box

LHe Supply Line

Passi LN2 Manifold gl
assive Warmer 7 L MO anl =

Dewar

1st Heat Exchanger

Refrigerator
flquefier Yo control
Cabinet
Adsorber

regenerafion system 20

Refrigerator/Liquefier for TPS



RF system

KEK type SRF module :
Contracted to MHI

DDR review on Dec. 2010
Petra Cavity module :
High power processing

300kW RF transmitter :

1. 2 sets of transmitter and 2 spare
Klystrons pass acceptance test

2. Re-assembly for all modules

3. Waveguide, ferrite load and
cooling units ready

4. high power and acceptance
test — 305 kW reached




Process welding of BC
in Chu-Tung

Uper and lower leaf of BC Welding pumping port

/

[} \

Alignment for the bending chamber




Assembly of vacuum system and
storage In Chu-Tung




(2010.12.30)

Assembly and acceptance test of 150 MeV linac

m
Bunchl

Network and controla " | ModL'i"iator



Beam parameters of 150 MeV linac

Single-bunch Mode

Parameter Specification-SBM Measurement
Bunch train length (}1s) = 1ns 0.7 ' - )
Charge in bunch train (nC) > 1.5nC *1.5 K=0 K=0.54 (4 A) K=1.09 (8 A) K=1.63(12A)
Energy (MeV) > 150 153 3 Spec.: < 50 = mm mrad
Pulse to pulse energy < 0.25 (rms) 0.08 ” V07T 2 37 19853
;arllat]lon (%) T — £ \ Vertical emittance analysis:
elative energy spread (%) | < 0.5 (rms) : ¥ €rms.norm = 36 = mm mrad
Normalised emittance (1) | = 50 (x plane) 41 o
(rmm mrad) < 50 (y plane) 36 a =
s N i LY 1 Ls 2 15 3 X
Repetition rate (Hz) 1 to 5, adjustable 1.2to0 5 o)
Pulse to pulse time jitter (ps) | < 100 29
Single bunch purity (1%) better than 1 0.7%

Emittance-horizontal (SBM)

IR L) B LR e L) B IECES

[ECE

Energy and Energy Spread-SBM

Spec.: =150 MeV; spread < 0.5%

SR 1746A,E=153 MeV
B - K=0 K=0.54 (4 A) K=1.09 (8 A) K=1.63 (12 A)
- © 2= 5,2+D2 (AE/E)2>D2 (AE/E)2
| 1.92 >1000? ((AE/E)? - SR Spec.: < 50 = mm mrad
) T 0.2% > AE/E - e osess 7
= 3
E .:
£ / Horizontal emittance analysis:
o \ €y rms.norm = 41 * mm mrad
BT " \M ,rms,
o ::E ’ 0 s 1 15 2 15
1000610 MSRRC ki) 25

Fitting Blapsed Tore: 0L (6022 0 Iaberat o 2502

E=153 MaV, 2nC



Shielding design for BL and end-station

GB: Gas Bremsstrahlung
SR: Synchrotron Radiation
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: : brem g b ] Water Cooled E beam j Undulator
Bremsstrahlung or © Stopper ' Photon Mask deflector:

Synchrotron Stopper,

N &

Diffractometer or _ ]
Experimental Setup ~: GB GB Aperture

3Py

20cm Pb Collimator
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Front-End
Control Room N
Enabled "
Operation Ready >
BL Safety Key A
L L " | Storage Ring
b Interlock
Exp. Review Passed ]
Safety Key Enabled >
Search Process R Relay/PLC Logic
Completed | Enablef
Enrance D Hutch Ready .| (Beamline & Disable — | Front End Interlock
ntrance Doors
Seaured e (Optical & Hutch) |4 condition —| (Heavy Metal Shutter)
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Door Keys o
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Emergency Buttons U
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Condition  pieaple
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TPS phase space tracking for top-up injection

"I L
RS A
Wy - Forward and
vy o, backward tracking in
e phase space for

T bending magnet’s
1 N ’ beamline
| m\ i

Injected Beam
afaninl

/:m% Forward and
/ oLl oLz OL3 END, - qyll\ I\ baCkward traCklng In
SF 059 phase space for

= T Insertion device’s
beamline
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The First-Phase BL’s Proposals for TPS

o p-focus macromolecular crystallography (2013)
(MEEEE LT FHEkiM)

o High resolution Inelastic soft-x-ray scattering (2013)
(% 7247 255 1 S Xk 3054 8 5k 47)

e Sub-u soft x-ray photoelectron & fluorescence emission (2013)
Ev TS o EI- T ERE

o Soft matter small angle scattering (2014)
(5 B & RATHE L L R)

e Sub-p x-ray diffraction (2014)
(% Bt SEST R R Sk f M)

o Nano-probe x-ray diffraction (2014)
(% F 455k A &)

o Multi-purpose coherence x-ray scattering (2014)
(% * & ATk LR
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Conceptual design of first-phase beamlines

HBREEELTIRHLFLLSA

(«-focus macromolecular crystallography)
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(High resolution Inelastic soft-x-ray scattering)
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(Soft matter small angle scattering)

(Sub- « x-ray diffraction)
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NSRRUC site image from satellite

(by National Space Center)

2010-02-10

2010-05-21
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TPS Storage ring

gbgneﬁcial occupancy plan in Q2, 2012)

S d T
=N .

—

Space for utilities
and accelerator lab.

Experimental Area for
50 m beamlines and five
70 m beamlines




TPS construction schedule

# R
PR

‘07

‘08

‘09

‘10

‘11

‘12

‘13

‘14

1. Acc. Design

2. Prototype &
long lead item

3. Accelerator
Construction

EEm  mEm - -

4. Installation

5. Commission

fflfffffffffffffffffffffffffffi

6. Civil & Util.

ENE  EEE  EEm BN S S .

Installation pedestal and girder in Q2, 2012
Booster and storage ring commissioning in Q4, 2013.
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Summary

 Taiwan Light Source

— 1.5 GeV beam energy provides more than 5500 hrs with
360 mA top-up to users. Photon energy can be up to ~30
keV by SC wigglers.

— Beamlines in SPring-8 provide hard x-ray to users.

e Taiwan Photon Source

— 3 GeV storage ring with 500 mA as design goal. Seven
beamlines are under design for Phase-1 operation.

— Subsystems of accelerator are delivering to NSRRC for
acceptance test and installation.

— The installation will start in the 29 quarter of 2012.

— Booster and storage ring commission are planned before
the end of 2013.
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Talwan Photon Source (TPS)

Thank you for your attention!




