
SppC Lattice Design and Compatibility Study with CEPC

Haocheng Xu, Yiwei Wang, Jie Gao, Yukai Chen, Jingyu Tang

for the SppC Study Group

The Institute of High Energy Physics, Chinese Academy of Sciences

HKUST - IAS HEP Conference

Jan. 24, 2024, Hong Kong

1Email: xuhaocheng@ihep.ac.cn



Content

2

Å SppC lattice design and nonlinearity optimization

Å Error correction scheme

Å Geometric compatibility between CEPC and SppC 



SppC parameters

*CEPC TDR
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Parameter Value Unit

General design parameters

Circumference 100 km

Beamenergy 62.5 TeV

Lorentzgamma 66631   

Dipole field 20 T

Dipole curvatureradius 10415.4 m

Arc filling factor 0.78

Totaldipolemagnetlength 65.442 km

Arc length 83.9 km

Numberof long straightsections 8

Total straightsectionlength 16.1 km

Energygainfactor in collider rings 19.53

Injectionenergy 3.2   TeV

Numberof IPs 2

Revolutionfrequency 3.00 kHz

Physics performance and beamparameters

Initial luminosityperIP 4.3́ 1034 cm-2s-1

Betafunctionat collision 0.50 m

Circulatingbeamcurrent 0.19 A

Nominalbeam-beamtuneshift limit perIP 0.015

Bunchseparation 25 ns

Numberof bunches 10080 

Bunchpopulation 4.0́ 1011

Accumulatedparticlesperbeam 4.0́ 1015

Normalizedrmstransverseemittance 1.2 mm

Beamlife time dueto burn-off 8.1 hours

Total inelasticcrosssection 161 mb   

Reductionfactor in luminosity 0.81 

Full crossingangle 73 mrad

rmsbunchlength 60 mm

rmsIP spotsize 3.0 mm

Betaat thefirst parasiticencounter 28.6 m

rmsspotsizeat thefirst parasiticencounter 22.7 mm

Storedenergyperbeam 4.0 GJ

SRpowerperbeam 2.2 MW

SRheatloadat arcperaperture 26.3 W/m

Energylossperturn 11.4 MeV



SppC lattice design

ÅCompatible with CEPC, 100km, 2 IPs

Å8 arc sections

Å2-in-1 yoke-sharing magnets

Åboth interleaved and non-interleaved sextupoles studied 

Å4 short straight sections

ÅRF region, dual-harmonic RF system (800 and 400 MHz)

Å injection section after injection chain

ÅSpace reserved for e-p collision

Å2 long straight sections

Åcollimation section for both betatron and momentum

Åextraction section

Å2 interaction regions 

Åanti-symmetric interaction region

Åchromaticity corrected with arc sextupoles
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Lattice optics

Arc FODO cell Dispersion suppressor

Collimation section Interaction region

betatron and momentum collimation ‍ᶻ πȢυÍ

30 cm
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Nonlinearity optimization

Å5 FODO cells per period. Most nonlinearities are cancelled in 4 periods and the tune shifts 

are significantly reduced compared with the interleaved scheme.

ÅSince the number of sextupoles is less than interleaved scheme, the sextupoles in arc will 

be stronger, thus the length of sextupoles is doubled to 1m to weaken the sextupoles.
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Tune shift coefficients and RDTs 



Chromatic function optimization

ÅAdjust the phase advance between different sections to optimize the 2nd order chromaticity 

and W-functions, which can reduce the energy-dependent deviation of ‍ᶻ.
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Consideration of Landau octupoles

Landau damping

Å Octupoles are installed adjacent to arc quadrupoles, providing a tune spread of about πȢς ρπ on both 

planes with a footprint of ὐ ὐ φ‐ȟ, to replicate similar Landau damping as in FCC-hh.

Octupolar Hamiltonian*̔

ÅὠὍȟ‰Ƞί ὠ ὍȠί ‍ὐÃέίτ‰ τÃέίς‰ φ‍‍ὐὐÃÏÓς‰ ‰ ÃÏÓς‰

‰ ςÃÏÓς‰ ςÃÏÓς‰ ‍ὐ Ãέίτ‰ τÃέίς‰ Ȣ

Å Mainly care about 2nd order RDTs as the working point (0.12, 0.13) is far from 4th order resonances.

Å Pairs of octupoles with equal strength and phase advance Ў‰ Ў‰ ωπЈworks.
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Tune shift provided by 

Landau octupoles

*MoohyunYoon 1998 Jpn. J. Appl. Phys. 37 3626

Changes to tune shifts and 2nd order resonance



Consideration of beam-beam effect

ÅWeak-strong beam-beam effect simulation is performed by SAD. The calculated luminosity can fit with 

that in parameter table:

ὒ ὒ ὔὪ ςȢς ρπ ρππψπσπππÃÍÓ φȢχ ρπÃÍÓ
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Luminosity, bunch length and bunch size

FMA results with amplitude of lower than 10ůBare lattice + beam-beam

Bare lattice
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SppC lattice error table

ÅGaussian distribution, and truncatedat 3„;

ÅReferring to FCC-hh, and adjust to be suitable with SppC lattice.

*Reference radius of field error is 17 mm.
Ref: D.Boutinet al, optic 

corrections for Fcc-hh, IPAC2019
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Element Error Error desc. Units Main dipole Separation dipole

Dipole

ʎØȟʎÙ mm 0.3 0.3

ʎʕ roll angle mrad 0.5 0.5

ʎɿ"Ⱦ" random b1 % 0.1 0.05

ʎɿ"Ⱦ" random b2 ρπ units 0.9 0.1/1.1

ʎɿ"Ⱦ" random a2 ρπ units 1.0 0.1/0.2

ʎɿ"Ⱦ" uncert. a2 ρπ units 0.5 TBD

ʎɿ"Ⱦ" random b3 ρπ units 1.0 TBD

Main quadrupole IR triplet / other

Quad.

ʎØȟʎÙ mm 0.3 0.1/0.3

ʎʕ roll angle mrad 0.5 0.05/0.5

ʎɿ"Ⱦ" random b2 % 0.1 0.005/0.1

BPM
ʎØȟʎÙ mm 0.2 0.2

ʎÒÅÁÄ mm 0.05 0.05



SppC lattice correction scheme

Based on response matrix method

ÅSoftwareχAccelerator Toolbox (AT) on MATLAB

1. Apply the errors and turn off sextupoles

2. First turn trajectory correction

3. Closed orbit correction with increasing sextupole strength

4. Beta-beating and horizontal dispersion correction (LOCO)

5. Coupling and vertical dispersion correction

6. Tune and chromaticity correction

Response matrix represents the relationship between the strength variation of the dipole 

correction magnet in the storage ring and the resulting closed orbit distortion of the beamχ
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Iterate for several times

BPM SX QUAD SKEW COR
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938BPMs and477 dipole correctors installed near the quadrupoles in the ring.

First turn trajectory correction σ

Å UseBPMs and dipole correctors to find the closed orbit, 85% of the machines with errors can be corrected 

successfully in this step.

Closed orbit correctionσ

Å Solve the equation with the response matrix of latticeχ◊ ═Ᵽ

ό: vector of orbit at BPM,  A: response matrix,  ᴆ—: vector of corrector strength

Å Sextupoleoff, thenafter each 10% increase, the closed orbit is corrected once until the set value is reached.

#/$ȟȟ πȢτάά Comparison of closed orbit 

before and after correction

Corrector strength less than5 T*m

SppC lattice correction scheme
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Beta-beating and horizontal dispersion correctionσ

Å Use the LOCO program to fit the response matrix itself. 

Å Minimize the difference between measured and theoretical response matrix byvarying the quadrupole 

strength to correct the beam envelope functionχ
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„: BPM noise given by multiple measurements of BPMs

Quadrupole variation less than 3%Beta-beating 

before and after correction

Dispersion deviation

before and after correction

SppC lattice correction scheme
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