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NSRRC is constructing the Taiwan Photon Source
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“[3 Basic Parameters of the TPS

Parameter TPS
Energy (GeV) 3.0
Current (mA) 500

Circumference (m) 518.4
No. of Straights 24
Emittance (nm-rad) 1.6
Straight Sections 7/m x18, 12m x6
Critical Ph. Energy 7.13 keV
Beam size (Ver./Hor.) 5.1/121 um
RF Frequency (MHz) 500
Booster 0.15->3 GeV, same tunnel
Injection Mode Top-up




TPS is designhed to emphasize on electron beam of small
emittance and great brilliance, stability and reliability.
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NS Features of the TPS

 Low emittance and high brightness
-- Brightness ~1041 p/s/0.1%bw/mm?/mrad? (@ 10 keV)
-- Emittance ¢ < 2nm-rad

« High stability
-- Photon intensity fluctuation <0.1%
-- Beam orbit fluctuation <0.2um (do /o =~ 5%)
-- Beam size fluctuation <0.1pm

« High reliability
-- High injection efficiency (>90%)
-- Machine Up-time >98%
-- Trip rate < 1/week

e Superconducting RF Cavities
« Top-up injection
« Same-tunnel Booster



N1 Phase-1 Beamline of TPS
2. Temporal Coherent Total beamlines:

XRD
hv/Ahv: 108 22 1D (odd #)

1. u Protein / coherent length: 5~ 22 mm 24 BM (even #)
Crystallography na

1~ 50 pm (FWHM)
@ 0.98A: 1.0x10"2 ph/s, with 50 um x 50 pm 3 GeV, 500 mA

21 100 nm x 100nm
24-cell DBA 3 prad x 3 prad
05 ID: 12m X 6,7 m X 18 3. Sub-
XRD
25
o IU22: (3m+3m) x 2 4. Nano-
Injection {01 IU22: 2m x 3 probe

30 nm at 15 keV

7. u soft X-ray EPU48: (3.5m+3.5m) x 1

E resolving power 35,000 . 5. Coh t
0.6 um X 0.23 jm EPU46: 3.9m x 1 oneren
Scattering
6. Soft X-ray RIXS 43 (SAXS)

coherent flux: > 1x10%° ph/s

total hv/Ahv > 40,000 @ 900 eV dynamics from ms to pus
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Status of the TPS Construction



“R]. _‘ TPS Civil Constructlon

Crane 3x
TPSA R HER KB

M. T Lee/C|V|I/NSRRC



\[]31i{0 TPS Electrical System

Low resistance grounding
0.14 Ohm

Factory Test for Switch Gears
T .- —

Cable tray & ac power racks

T.S. Ueng, J.C.Chang/Utility/NSRRC



N[5]0150 TPS Cryogenics System
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Compressor area

Coldbox & & 4% ¥

The cooling ca;zcit}' 15 735-W 11
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TPS Girderﬂ__ ytem
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Pedestals moved into the SR tunnel.
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VBisisle TPS vacuum System
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NSRRI

Location | Magnet type Quantity | Status
Storage Dipole 50 3 accepted
ring (SR) | short Q-pole 195 49
Long Q-pole 50 9
Sextupole 174 39
Booster Short-Dipole 43 prototyping
(BR) Long-Dipole 13
Combined Q-pole | 49
Pure Q-pole 41
Sextupole 26
Transfer | LTB-DM 2 Most
line LTB-QM 13 delivered
BTS-DM 3
BTS-QM
DC-septum 3
Corrector | DC corrector 134 Prototypes
Fast f/b corrector | 100 completed
.C. Jan/Magnet/NSRRC

TPS Magnets

-- Significant delay in schedule.

--The SR magnets have overcome
the technical problems and
under mass production.

-- The quadrupole and sextupole
components of the BR dipoles
need to be optimized to meet
the spec.




N\SirtliTPS Magnet Power Supplies

* All quad and sext. power supplies received. 4 - i -f-;i; [
» Corrector power supplies arrive in Q1, 2013. ]
* Dipole power supplies arrive in Q2, 2013. ————————

e e e —— —— —

Q-pole power supply
: r S Ultra-Precision Power Supply vg Feak 4R IR AR S
# TS Corresticr Magnat
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‘NSRR TPS RF System

=,

KEKB type SRF module -

* 3 sets contracted to MHI and
technical assistance from

KEK.
* One module delivered

* The other two will arrive by £ SRF module
the end of 2012.

* All 3 sets will be fully tested
by July 2013 at NSRRC.

] Cu cavity

Petra Cavity module -

3 sets ready for phase-I beam
commissioning

C.C. Kuo/BD/NSRRC 16
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“Hn‘ﬁ ,_ Trnsportatlon Test
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-

: 2012/08/31 10:43
Magnet displacement: < 10 pm
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The Low-emittance Engineering at TPS

a. High performance components
b. Stable infrastructures

c. Precision alignment system

d. Clean and smooth beam ducts
e. Special components

19



Sources of Disturbance (External)

Misalignment e, e e e e e e e e e ra e e e rraas _
Air Temp.
Water Temp. DA Fluctuation
Fluctuation —p
—————————————
C_oolant @ e nra e aanrannaannannannn Electrical Noises
Vibration —
EMI
rrsassEEEEEEEEEEEEEEEEEEEEEEEEEEEESE
—
Structure D
Stiffness —

Ground Motion =——» @ rrrersnEsEsEsEEEEEEEEsEEEEEEEEEEEs
Settlement/Vibration
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Source of Disturbance (Internal Vacuum)
Gas/lon Scatterring & Beam Impedance

Tremendous amount of
lons, gas molecules, scattered electrons
—>Beam scattered

—>Beam loss or blow up
_—

F
-

Vacuum duct discontinuity
—>Image current disturbed
—>Beam disturbed
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Stable infrastructures

Precision temperature control
(Low vibration equipment)

22



The TPS Infrastructure

** Low vibration <40 nm

** Temperature fluctuation
<10.1 °C (for air and DIW)

¥#0.1C, 10 m > 3
Thermal expansion
=10mx 10 ppmx 0.1
=10 um !

** The impact from the
utility system is tremendous.



Water Temperature Stability

* Temp. of chilled/hot water (< £0.5°C)
* Eliminate nonlinear effects on valves

* Buffer tank (£0.01°C)
*High resolution sensor and controller
*Variable frequency controller

. Heat Heat
To Chl].leI  Exchanger | Exchanger To Heater
|
===y |
1 | RF Load
U | Buffer Tank
| Iﬂﬁ ] d
| .
@ Filter A Filter B
— —
% \
G
Pump and
Inverter To Primary Loop

Z.D. Tsai/Utilities/INSRRC 24




Air Temperature Stability

B (Test Result
Inlet temp. control - valves i:i:i: e:i H]e.f:.,)J ol i
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Precision alignment systems

Alignment network and ground motion
Magnet-to-girder alignment
Vibration suppression
Automatic alignment system

26



Alignment network and ground motion

C.J. Lin/Positioning/NSRRC

f
i ¥
i ? \
EE
-.Yi_._._T 4‘ .

¥ — e~

Pillar for GPS

S e
Fiducial point for
Ievehne.sreanp_

A =

yw .

- I( J"j‘ -
e
e B

Fiducials in SR tunnel

i - Vit
= hr\\\\.\ T
9"




ll[ﬂ.].(ﬁlagnet to Girder Alignment

Girder reference surfaces flatness <1O m
Positioning reproducibility: < 3 pum
Open/close upper- -half magnet : <6 um

reference =




ession
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NWEIsie Vibration Suppr

==

Expanded 3-Groove type
&8 kinematics mount.

Natural frequency ~30Hz |
with locking system

Damper = + 2Hz

system

T.C. Tseng/Positioning/NSRRC 29



“Hn‘n(ﬁutmatlc Allgnment System
#Invar i B ‘“;A .' |
ol

»
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Auto-alignment (2°cell), .
Reprodu0|b|I|t,/<1O m

Tilting sensor
: (~0.1 prad)
T.C. Tseng/Positioning/NSRRC Laser tracker (test)



Clean and smooth beam ducts

Low outgas
Low impedance

Produce 0. avi

31



1'[J0lol¢ Low-outgas beam duct
(machining and cleaning)

Oil-free CNC Machining in

Clean Room
- Photon-stimulated desorption (PSD) with

various surface treatments 2b

107 5 — -
m Ethanol machining and O, water celaning (30ppm)
o Oil machining and chemical cleaning
o | A Ethanol machining and O, water celaning (6.7 ppm)
10° 5 v | v Ethanol machining only
g 8 v
o ®
& g v
£ 10" A R ® 0008
3 A
g A aaa §o
g A
s B _psx B EEEE ®m
107 4
10° UL AL) BRI DL L L] B IR AL
N —94 \ 0.1 1 10 100 1000 10000

Beam dose(mAh)

Ozonated Water Cleaning Bath (> 20 ppm)
H.P. Hseuh/Vacuum/NSRRC 32



RS0 Low-outgas beam duct

Clean Room (Class 1000)
- Temperature: T=2511°C
- Humidity: HR < 50%

ignment+
~ Spot weld seams

Auto-Welding System ~ P .
H.P. Hseuh/Vacuum/NSRRC 23



I '[2]o /i Low-impedance beam duct

(Reduction of Bellows and Flanges)

-- To reduce the number of bellows and flanges.
-- Welding step < 0.3mm, to reduce rf impedance
-- Baking at Lab, to reduce the displacement of magnet/girder

In one arc section (14m):
Number of flanges: 2
Number of bellows: 2

Bellows 2

H.P. Hseuh/Vacuum/NSRRC S Welding Positions (Step<0.3mm)



J'[rlrltow-impedance beam duct
(Sector GV, bellows and flange gap with RF bridge)

comb-type

-. & RF Bridge joint between
Sector Gate Valve and Flange

“RF Fingers (bellows)

H.P. Hseuh/VVacuum/NSRRC



1\ E6W-impedance vacuum component

(e-beam position monitor)

12F

impedance .}

08}
06}
04
0.2}

0.3mm) for fowext

04f
-0.6 F
0.8}
-1.0F

Thick button (5mm)j
prevent HOM penet

ee_* +-0.05

to
ration

P Hseuh/Vacuum/NSRRC

-1.2 4
41542.042.543.043.544.044.545.045.546.046.547.047.5

time (ns)
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Summary

1.The construction status of the TPS, particularly for
the low-emittance related mechanical issues, are
presented.

2.Certain novel methods are proposed and applied to
construct the TPS mechanical engineering systems.

3.The TPS mechanical engineering systems are
constructed under stringent QC processes to ensure
the high performance.
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Thank you for your attention.
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