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Booster Ring
Storage Ring

BTS

Parameters TPS TPS-II (TBD)
Circumference 518.4 m

Energy 3 GeV
Lattice 4 DB~A HOA 
LSS 12 m × 6 6.43 m × 6
SSS 7 m × 18 6.31 m × 18

𝜂𝜂𝑥𝑥 @ SS center 0.088 m 0 m

Natural Emittance 1.6 nm-rad 131 pm-rad

Energy spread 0.886 × 10-3 1.043 × 10-3

Tune (𝜈𝜈𝑥𝑥 , 𝜈𝜈𝑦𝑦) (26.19, 13.25) (49.23, 16.32)

Natural chromaticity (𝜉𝜉𝑥𝑥 , 𝜉𝜉𝑦𝑦) (-75, -27) (-92, -59)
Momentum compaction 

factor (𝛼𝛼1,𝛼𝛼2) (2.4×10-4, 2.1×10-3) (1.2×10-4, 4.0×10-4)

Radiation damping time (12.2, 12.2,  6.1) ms (9.2, 20.3, 25.6) ms
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 Future Works
 The  ba re  l a t t i ce  o f  HOA scheme fo r  TPS- I I  i s  p roposed

• Emi t t ance、 br igh tness、 CF >  10x i s  poss ib le  f r om TPS to  TPS- I I  upg rade  
• ID  magne ts、Mul t i po le  e r ro r、 i n t r a -beam s tab i l i t y  ( IBS)  a re  no t  cons ide red  ye t

 nonl inear  k icker  t o  re l i ve  t he  DA i ssues
 HOC t o  reduce  the  hea t  l oad  and  improve  the  l i f e  t ime  (~  2  x )

 an  we l l -ba lanced  sys temat ic  des ign  is  on -go ing

E=  3 GeV;  h = 864; Vrf = 3.0 MV; 
U0 = 497.8 keV ; Φs =170.45°

α2/α1 =1

α2/α1 = 5

α2/α1 =10

α1=1e-4

PRELIMINARY DESIGN OF HIGHER-ORDER ACHROMAT LATTICE 
FOR THE UPGRADE OF TAIWAN PHOTON SOURCE

(νx,νy) ~ (0.4, 0.1)

Challenges
1. Non-ideal symmetric 
2. large difference between SS length (12:7)
3. challenging to keep the same source ID points、keep sufficient SSS length 
The adopt of HOA scheme (5-4-4-5BA). (challenge on nonlinear dynamics)

 TPS insertion devices could be adopted without the 
concerns of length shortening 

 TPS tunnel  TPS Lattice

 Fine tune the phase advance in the unit cell 
(for 5BA cancellation).

Proper phase condition for 4BA and 5-4-4-5BA?!

SF   RB          SD  CB             B            CB   SD         RB   SF

(𝜉𝜉𝑥𝑥,𝑜𝑜𝑜𝑜𝑜𝑜 , 𝜉𝜉𝑦𝑦,𝑜𝑜𝑜𝑜𝑜𝑜)=(0.94, 0.93) Off-momentum Tune Shift

Amplitude Dependent Tune Shift

Tracking Dynamic Aperture

 TPS-II Lattice

Evaluation of longitudinal dynamics

 Improved spectrum from TPS to TPS-II

Dipole numbers
48  108 Optics function of an unit cell 

* huang.ny@nsrrc.org.tw

[1] Pedro F. Tavares et al., “The MAX IV storage ring project”, J. Synchrotron Radiat., vol. 21, pp. 862-877, 2014.
[2] L. Liu and H. Westfahl Jr, “Towards Diffraction Limited Storage Ring Based Light Sources”, in Proc. IPAC'17, Copenhagen, Denmark, May 2017, pp. 1203-1208.
[3] The European Synchrotron, “EBS Storage Ring Technical Report”, September, 2018.
[4] C.-C. Kuo et al., “Commissioning of the Taiwan Photon Source”, in Proc. IPAC'15, Richmond, VA, USA, May 2015, pp.1314-1318.
[5] M.S. Chiu et al., “Multi-Bend Achromat Lattice Design for the Future of TPS Upgrade”, J. Phys.: Conf. Ser., vol. 1350, 012033, 2019.
[6] A. Loulergue et al., “CDR BASELINE LATTICE FOR THE UPGRADE OF SOLEIL”, in Proc. IPAC'21, Campinas, Brazil, May 2021, pp. 1485-1488. 
[7] Andreas Streun, “SLS-2 Conceptual Design Report”, PSI-Bericht 17-03, Dec. 2017.
[8] S. Y. Lee, “Emittance optimization in three- and multiple-bend achromats”, Phys. Rev. E, vol. 54, 2, 1996.
[9] Andreas Streun, “OPA User Guide”, PSI, June, 2022.
[10] Zong-Kai Liu et al., “Design and Optimization of the High Order Modes Damper for a 1.5 GHz Superconducting Harmonic Cavity”,
[11]T. Tanaka, “Major upgrade of the synchrotron radiation calculation code SPECTRA”, J. Synchrotron Radiation, 28, 1267, 2021.

2.5 MV, 500 mA, 1% coupling
δ = -6.4 x10-2 % ~ + 5.6 x10-2 %
σz,rms = 2.84 mm

Brown: Linear acceptance from beam pipe width
Green: RF momentum acceptance

Red: Tracking resultTPS-II RF Bucket

(a) 2.5 MV, 499.654 MHz
(b) With a 3rd harmonic cavity

TPS bending: B~ 1.2 T, 
W100: 𝜆𝜆𝑢𝑢 =100 mm, 𝑁𝑁𝑢𝑢=4, Bmax ~1.8 T,   

IU22: 𝜆𝜆𝑢𝑢 =22 mm, 𝑁𝑁𝑢𝑢=140, Bmax ~0.76 T

Tracking Momentum Acceptance
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