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SLRI History
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Siam Photon Source | (SPS-I)
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SPS-| accelerator

43.2 m

circumference

Low-energy Beam
Transport (LBT)

Electron gun

40-MeV injector linac

Storage Ring (STR)

1.2 GeV

Parameters SPS
Circumference (m) 813
Energy (GeV) 12
Relativistic factory 234834
Emittance g,, (hm-rad) 410
Nat. energy spread o (%) 0.066
Nat. chromaticity /¢, -87/-64
Tune Q,/Q, 475/ 2.82
Momentum compaction a, 1.70e-2
Damping times hor./ver./long. (ms) 10.7/9.8/4.7
Damping partition number J,/J, /J; 0'92/1'08/2'0
Straight/circumference 033
Energy loss per turn from dipole U, (MeV) 0.066
RF frequency (MHz) 118

RF voltage (MV) 03
Harmonic number 32
Overvoltage V/U, 45
Synchronous phase (degree) 16729
Synchrotron tune 0.00460
Nat. bunch length (mm) 2903
Nat. bunch duration (ps) 96.8




SPS-I Beamlines
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Insertion devices (IDs)

U60 : Undulator

MPW : Multipole wiggler

SWLS : Super conducting wavelength shifter
SMPW: Super conducting multipole wiggler

Operation modes based on IDs

Operation Mode Selection:
[1] Bare Ring
[2] 2IDsMPW (U60 + MPW 2.2T)
[3] 2IDsSWLS6.5 (U60 + SWLS 6.5T)

[4] 3IDsSWLS6.5 (U0 + MPW 2.2T + SWLS 6.5T)
[5] 3IDsSWLS4.0 (U60 + MPW 2.2T + SWLS 4.0T)
[6] 3IDsSMPW3.5 (U60 + MPW 2.2T + SMPW 3.5T)
[7] 4IDs (UG0 + MPW 2.2T + SWLS 6.5T + SMPW 3.5T)

Parameters ue0 MPW SWLS SMPW
Peak field (T) 0.55 2.2 6.5 3.58
Number of main poles 80 9 1 12
Pole width (mm) 96 70 139 115

Good field region (mm)
AB/B< 0.1%

+6 +5 +15 +25




SPS-1 Machine Operation
>23 hrs/day Beam time

Decay mode operation

Beam injection: 2 times/day

Current [mA]
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SPS-| Operation History

- User Time - Beam Alignment - Machine Study/PM

User Time starts at 09:00 a.m. on the first day and ends at 08:00 a.m. on the last day of each operating period.

Beamservice time 2023
October-December

Machine Maintenance/shutdown

Safety Inspection

October November December
Mor TueWwecThu Fri| Sat Sun Mor TuewecThu Fri | Sat Sun Mor TueWwecThu Fri | Sat/Sun
1.2 3 4 5 1,2 3
2023 Annual shutdowrt
1 ] | 1 [ |
2. 3/4 5 6,7 8 6 7/ 8 9 10 11 12 4.5 6 7 8 9 10
1 1 | | | | [ 1 [ I | | |
910/ 11 12/ 13 14 15 13 14/ 15 1617 18 19 11 12 13 14 15 16 17
16/ 17 1819 20 21 22 20021 22123 24 25| 26 18 19 20 21 22 23 24
23 24 25|26 27V 28 29 27128 29 30 2526 27128 29 30 31
30 31
[ |
New year shutdown Beamservice time 2024
January-September
+ LHe Plant restart (1M)
January February March
Maor TuewecThu Fri| Sat Sun Maor TuewecThu Fri| Sat Ssun Mor TueWwecThu Fri| Sat|Sun
1 2/ 3 4, 5|6 7 1123 4 1123
| [ |
g 910 11 12 13 14 5 6|78 910 11 45/ 6 7 8 9 10
] ] | | [ | [ I | | |
15 16 1718 19 20 21 12113 14 15 16 17 18 11 12 13 14 15 16 17
2223 24|25 26 27 28 19 20 21 22 23 24 25 18 19 20 21 22 23 24
{1 1 | | | | [ 1 [ I | | |
29 30 31 26 27 28 29 25|26 27128 29 30 31
[ | | | L ! [ I | | |
Songkran shutdown
April May June
Mor TueWecThu Fri | Sat Sun Mor TueWwecThu Fri | Sat Sun Mor TueWecThu Fri | Sat|Sun
1 2 3 4,5 6 7 1.2 3 4 5 1 2
| 1 1 | | | [ 1 ] | [
& 910 11/ 12/ 13 14 6 7.8 9 1011 12 3 4/ 5 6 78 9
[ | | 1 1 | | | | 1 [ 1 | | |
15 16 17 18 19 20 21 13 14/ 15 1617 18 19 101112/ 13 14 15 16
{1 1 | | | | 1 [ I | | |
2223 24|25 26 27 28 20021 22 23 24 25| 26 17 18 19 20 21 22 23
1 1 ] | | [ | ] | ]
29 30 27128 29/ 30 31 18 19 20 21 22 23 24
{1 [ |

2512627 2812930/ 31

MODE 2
MPW

MODE 4
MPW+SWLS

Monthly beam service hour
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SPS-I Operation History
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Siam Photon Source |l (SPS-II)

Parameters SPS SPSHI
Circumference (m) 813 3276
Energy (GeV) 12 30
Relativistic factor y 234834 5870.85
Emittance €,, (hm-rad) 410 096
Nat. energy spread o (%) 0.066 0.077
Nat. chromaticity §/€, 8764 -69.1/-69.7
Tune QX/Qy 475/282 3421/1237
Momentum compaction a, 1.70e-2 3.24e4
Damping times hor./ver./long. (ms) 1079847 98/1136.1
Damping partition number J,/J, /J; 0'92/1'08/2'0 1'15/1'%/1'8
Straight/circumference 033 035
Energy loss per turn from dipole U, (MeV) 0.066 0578

RF frequency (MHz) 118 499.654096
RF voltage (MV) 03 2.2
Harmonic number 32 546
Overvoltage V/U, 4.5 3.8
Synchronous phase (degree) 167.29 164.77
Synchrotron tune 0.00460 0.00446
Nat. bunch length (mm) 2903 29
Nat. bunch duration (ps) 96.8 9.7

= Larger ring > More beamlines (~ 21)

= Higher beam energy - Higher photon energy

Lower emittance

+ Higher current = Higher flux and brightness

Normalised horizontal emittance

SPS.

® Existing machine

® New machine
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Siam Photon Source 1l (SPS-II)

Start Beam Service in 2034
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Will be located in The Eastern Economic Corridor of Innovation (EECi), Rayong.



SPS-I1 Facility

Design includes a solar cell rooftop
capable of providing 2 MW of power
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SPS-1l Machine Layout

Injector Linac

Beamline e® Booster

5

based on beam injection with Non-Linear Kicker (NLK) to storage ring
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SPS-ll Storage Ring

DTBA (Double Triple Bend Achromat) Lattice

(BM2u)  (DQ1U]

14 Cells -> 28 straights in total

Design Concept:

DTBA lattice: to adopt MBA with an extra straight
section in each cell.

Emittance ~ 1 nm-rad

Space usage > 35%

14 DTBA cells -> 28 straight sections.

The chromaticity is corrected locally in the dispersion
bumps.

The odd it phase advance between dispersion bumps
are for nonlinear driving term cancellation.

Credit: T. Pulampong
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With multipole errors and misalignment Optimized solution (grey)

after correction
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SPS-1l Booster

Achieve a low emittance of 5.89 nm-rad to ensure clean injection

into the storage

Implement an energy ramping cycle with a 2-Hz repetition rate.

Apply a sinusoidal pattern for the energy ramping process.

ring.

Operate with a beam current of 2 mA.

‘— 9 I"
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With multipole errors and misalignment
after correction

Concentric Booster

sroms
smsanEn
L]

-0.02 -0.01 0.00 0.01

Credit: S. Jummunt

Parameter Detail
Circumference 306.00 m
Beam energy 3.0 GeV
Relativistic factor (y) 5870.85
Emittance 5.89 nm-rad
Nat. energy spread 0.091 %

Nat. chromaticity (€x/€y) -23.63/-10.31
Tune (v / vy) 14.71/5.61
Momentum compaction (a,) 1.671x103
Energy loss per turn (Ug) 0.75 MeV

RF frequency
Harmonic number
Beam current

Repetition rate

499.654096 MHz
510

2 mA

2 Hz
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SPS-Il Injector Linac

Parameters Detail
Total length <275 m
Beam height 15m

Operation mode

RF frequency of bunchers

RF frequency of accelerating structures
RF macro-pulse length (FWHM)

RF macro-pulse repetition rate

Charge in single bunch

Single bunch purity

Final beam energy

Final normalized emittance (10)

Final energy spread (rms)

Final beam position error
Pulse-to-pulse energy variation (rms)
Pulse-to-pulse beam position variation (rms)

Pulse-to-pulse jitter

Single bunch mode (SBM)
238 and 476 MHz
2856 MHz

<1lns

1-5 Hz (adjustable)
21.5nC

Better than 1%
250-270 MeV

<50 m mm-mrad
<0.5%

Within £0.5 mm
<0.25%

<0.2mm

<100 ps

60-MeV Injector

Conceptual Layout

1st Matching
Section

8- band Main Accelerating Section
, Q1Q2BM1Q3 Q4

N A

30m - 11.0m

A

<27.5m

High energy beam = Small emittance + Low energy spread
Inject at higher energy = Simplify booster requirements

2nd Matching




SPS-1l Low-Energy Beam Transport Line (LBT)
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Designed by T. Chanwattana

Space and layout are limited by booster
circumference.

Design based on linear beam optics.
Sufficient correctors and beam diagnostics
are required.

Beam stay clear

BSCx
AN \/ BSCy
/ ~
S T U s v :m
IOl NG N S i
LA/
\/
O 5 170 15 20
s (m)

Results from reference case with B, ,=7m, a,,=0
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SPS-Il High-Energy Beam Transport Line (HBT)

Booster D1 BMV3 QD3 BM4
KM2 BD2BO *—I— — - —l—-_
l-l—l—-—-’l"

KM3 QD2BO smp2 T QF2

BPM SCM STHV ICT
FCT

70| A
1.5 PN
60|
10| 50}
B %40,
“o5le 30|
20| A/ ]
ool 10| /= - . -
RS v

5 5 7015 20 25 30

s (m)

Designed by T. Chanwattana

QF5

H _.__FCT

0]5]3) NLK

Bx
Py
Tl x

Profile

Design based on linear beam optics.
Space, especially closer to the
storage ring, is limited according to
magnet arrangement.

Beam stay clear

n

O

3
/

o

(mm)

BSC

\ ‘ﬁ
| | "./1|
\\_.»-/ - ./ / N
15 20 25 350
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SPS-Il Phase-l Beamlines

Beamline Technique IDs Energy range
TXAS Tender X-ray absorption spectroscopy 1VU23 1.8-13 keV
HXAS High X-ray absorption spectroscopy IVU18 6-35 keV
XMCT X-ray microtomography MPW 10-60 keV
HRXRD/MX High resolution X-ray diffraction & VU8 9-27 keV/

Macromolecular crystallography
SWAXS Small & wide-angle X-ray scattering IVU20 8-20 keV
GIXRD/TRXRF Gazmg-mud.ence X-ray Scattering and VU18 3-28 KeV/
Total Refection Fluorescence
HRSXS High resolution soft X-ray EPUSS 90 eV-2.5 keV

spectroscopy

22



SPS-Il R&D
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SPS-1l R&D: Magnet Prototype

Manufacturing: 15 magnets (9 types) successfully fabricated.
Tolerance Verification: Fabrication and assembly tolerances
confirmed within £20 um (pole profile).

Coil Testing: Resistance, inductance, and temperature rise tests
meet all specifications.

Field Quality: Magnetic field measurements completed on 11
of 15 magnets. Pole-end chamfering is in progress.

Design Improvements: New mechanical design was
implemented on 2 magnets, resulting in improved magnetic
field quality.

Repeatability Checks: Repeatability of magnet assembly and
deformation check to be initiated soon.

YV V

Manufacturing: 5 magnets (5 types) successfully fabricated.
Tolerance Verification: Fabrication and assembly tolerances
confirmed within 25 um(pole profile).

Coil Testing: Resistance, inductance, and temperature rise tests
meet all specifications.

Field Quality: Testing in progress

Design Improvements: Not yet started

Repeatability Checks: Not yet started

Credit: P. Sunwong and S. Pawanta
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SPS-1l R&D: Vacuum Prototype

PR /it bending chamber prototype v" First prototype of stainless steel and aluminum vacuum chambers
gl completed. Straight sections made from aluminum extrusion;
il bending sections CNC-machined with oil-less cooling

» 0Ongoing improvement of aluminum vacuum chamber prototype,
focusing on reducing geometry deformation and improving vacuum

performance. g
= I— S e @
...7\_:' c km‘o:‘ — O N - | ‘I:T;'
mf * S T’*f«—f j,, — O L?
Al Sl P A6061-T6 i
uminum extrusion CNC machining A6063-T5

Aluminum extrusion

High heat load absorber

I

o - s -,
and circular tube made from extrusion

& Elliptical

Credit: T. Phimsen, S. Boonsuya and S. Chitthaisong



SPS-1l R&D: Girder Prototype

Dec. 2025 Dec. 2024

Six girders per cell to install, 84 girder in total

The up-stream half cell lay out

v Frist G1 girder successfully manufactured

v’ Precision machining: top surface alighment grooves verified to
meet <15 um specification, adjustable positioning accuracy
within £5 um

» Deformation and vibration testing in progress
» Ongoing manufacturing of G1 and G2 girders




SPS-1l R&D: Kickers and BPM

Non-linear kicker (NLK) prototype BPM prototype
for the storage ring injection :

10.0mm

7.1mm

21.90 mm

9.5mm

5.5mm
6.3mm

<
e

mmmmmmmmmmm

Ongoing development in
collaboration with LNLS, SIRIUS

Stripline kicker for tune measurement
and bunch by bunch feedback

= SECTION A-A
4XEB Welding >

BPM for storage ring

First stripline kicker manufactured and
BPM feedthrough manufactured and tested successfully tested; minor improvements required 27
Credit: P. Sudmuang



SPS-Il Project Timeline

Detailed design study & Fine tune lattice
corrections

TOR & Bidding Construction & Manufacturing Installation and Comm.

* Start building construction | |

Prototypes

Complete building
construction

Complete machine
® installation & commissioning

 Start procurement
Project endorsed

by cabinet ® Complete Lab building Complete Linac ®
construction installation & commissioning
* Submit revised project proposal (final Start user
machine design and cost) for cabinet .
aproval operation

* Complete prototype development
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