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SLS-2 project – Goals and Constraints
• Goals

– Factor 20~50 lower emittance (5 nm → 100~250 pm)
– Operation parameters as in the present SLS: 

Energy = 2.4 GeV, Current = 400 mA (top-up), Stability = 1 mm, etc.

• Constraints
– Reuse the building → Storage ring circum. = 288 m  (3BA→7BA is not enough)
– Reuse the injector chain (Gun, Linac and Booster) → e @ 2.4 GeV < 10 nm 

SLS

SLS-2
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Anti-bend gains “dispersion phase advance”
→ Smaller dispersion in Main bending magnet
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AB+LGB lattice (2)
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LGB modeling (1)

• Field description:

– Longitudinal gradient is included as a projection to 
the horizontal plane

– Higher order terms are strongly attenuated by 
sinnq term

Longitudinal gradientHorizontal gradient
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LGB modeling (2)

(X-Y-Z)

Both models agree with a tracking using the field map within 10-4 level6



Lattice parameters (1)
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Lattice parameters (2)

8



Nonlinear optimization (1)

• Cancellation by cell tune

• Harmonic sextupoles situated outside 
achromat arc to suppress driving terms as 
much as possible
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Nonlinear optimization (2)

• MOGA optimization
– Baseline lattice has almost 

enough aperture at least with 
zero chromaticity

Higher superperiodicity, i.e. 12, is considered
→Talk by Michael Ehrlichman this afternoon

Variables for optimization
- 4 chromatic sextupole families
- 9 harmonic sextupole families
- 10 octupole families
- constraint on chromaticity: -2 variables

→21 variables
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BPM layout

• BPM layout is determined taking into account:

– Available space

– Proper optics sampling

– Pairing with correctors

to lower required 

corrector kick
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Imperfection study (1)
• Misalignment → BBA

Optics distortion due to misalignments is tolerable after 
beam-based alignment
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Imperfection study (2)

• K1 errors → Optics correction

Optics distortion can be suppressed through 
LOCO style optics correction 
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Injection (1)

• Injection - Present SLS

– Booster beam emittance <10 nm 

• Challenge
SLS SLS-2

Straight section ~10 m ~5 m (Period 12)

Dynamic aperture ~10 mm ~5 mm

Septum thickness 3 mm 1.5 mm?
14



-0.1

-0.08

-0.06

-0.04

-0.02

 0

 0  1  2  3  4  5

x
 (
m

)

s (m)

Injection orbit

Bumped orbit

(Stored beam)

Septum wall

Injection (2)
• Compact injection straight with “anti-septum”

+ =

Kicker Septum Anti-septum

Kicker-2 
(Anti-septum)
0.5 m, -13.8 mrad

Kicker-3
0.4m, 10 mrad

Kicker-1
0.15 m, 3.8 mrad

Septum 
(from SLS)
0.8 m, 5 deg.,
70 ms full sine

Anti-septum wall thickness can be 1 mm:
- Short pulse (6 ms, half sine) 
- Stray field comes after the injection bunch passes! 

Bump height = -12 mm
Anti-septum wall = 1 mm
Injection point -15~-16mm
(separation = 3~4 mm)
Dynamic aperture ~ 5 mm

Preliminary design 
found in backup slide
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Injection (3)
• Multipole-kicker injection

Multipole/Nonlinear-kicker injection is also considered
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Parameters assumed
- Septum thickness = 2.5 mm
- Kicker kick angle = 2.1 mrad

→ 0.5m, 35 mT @ x ~ -5 mm
- Injection beam emitt. = 8 nm



Touschek lifetime

• Lifetime ~4.6 hours 
– Estimated from momentum aperture(6D track)
– With 5% bucket
– Without third harmonic cavity
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Intra Beam Scattering – update (1)

• “Standard” simulation procedure
– Compute IBS growth rate for one turn 

• IBS (diffusion) increases the momentum spread (<px2>, <py2>, <d2>)

– Add synchrotron radiation damping at the end of turn
• For the transverse planes:

e=e0+deIBS+deSR

deSR is computed for “given” equilibrium emittance and damping time
• For the longitudinal plane:

d=d0+ddIBS+ddSR

and the bunch is “forcibly” fit to the RF bucket

– Continue the tracking until deIBS+deSR~0 and ddIBS+ddSR ~0

– Faster simulation: e=e0+N(deIBS+deSR) (N~10-1000)

→Turn-by-turn envelope tracking with SR damping and IBS        
(a la SAD code)
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Intra Beam Scattering – update (2)
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• Result for:
– Zero current bunch length ~ 3mm

– Zero current vertical emittance = 5 pm

– Operation bunch current ~ 1 mA

Standard →Simulation a la SAD:
Horizontal emittance ↑
Vertical emittance →
Longitudinal emittance ↓
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Instability study

→Talk by Haisheng Xu tomorrow
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Round beam operation

• A few beamlines are interested in Round beam
• Emittances in Mobius ring computed with envelope 

tracking (a la SAD):

Round beam operation is not so attractive for “high Jx” 
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Summary

• SLS-2 design study is on a good track:

– Target emittance is achievable with the given 
circumference

– Baseline lattice is evaluated from the viewpoints of

• Nonlinear optics

• Top-up injection

• Imperfections

• Collective effects

– Increasing (or restoring) superperiod to 12 is 
considered
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Back up slides
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Anti-septum

• Preliminary design
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SR and IBS a la SAD

• SR and IBS effects are computed at each 
element
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1) At all elements

2-a) If the element is dipoles

𝜎𝑏𝑒𝑎𝑚 → 𝐼 − 𝑙𝐷 𝜎𝑏𝑒𝑎𝑚(𝐼 − 𝑙𝐷)
𝑇Damping:

Transport & Diffusion:

𝜎𝑏𝑒𝑎𝑚 → 𝑀𝜎𝑏𝑒𝑎𝑚𝑀
𝑇 + 𝑀𝐵𝑀𝑇𝑑𝑠

2-b) If the element is not dipoles

Transport: 𝜎𝑏𝑒𝑎𝑚 → 𝑀𝜎𝑏𝑒𝑎𝑚𝑀
𝑇

𝜎𝑏𝑒𝑎𝑚 → 𝜎𝑏𝑒𝑎𝑚 + ∆𝐼𝐵𝑆IBS:

3) Continue tracking  until an equilibrium is reached

∆𝑥′ , ∆𝑦′ , ∆𝛿 are computed 

with IBS theory for given 
sigma matrix elements

Damping matrix 
(on-energy beam)

𝐺𝑥,𝑦 include gradient 

and edge of bending

𝐵66

=
55
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PSI Vacuum group
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LGB design study
PSI magnet group
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