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Background



Parameter Value Unit

Circumference 54.36 km

C.M. energy 70.6 TeV

Dipole field 20 T

Injection energy 2.1 TeV

Number of IPs 2

Peak luminosity per IP 1.2E+35 cm-2s-1

Beta function at collision 0.75 m

Circulating beam current 1.0 A

Bunch separation 25 ns

Bunch population 2.0E+11

SR heat load @arc dipole (per aperture) 56.9 W/m

SPPC main parameters



Constrained by geometry



General layout of SPPC

• Use the same CEPC tunnel to 
build SPPC

• Maximize the beam energy to 
70 TeV by using 20 T SC 
magnets

• 8 arcs, 5737.86 m  each

• 4585.6 m dipole length each 
arc, filling factor is 0.808

• 2 IPs for pp, 1110.55 m each

• 2 IRs for injection and 
extraction, 740.37 m each

• 2 IRs for ep or AA, 925.615

• 2 IRs for collimation( ee for 
CEPC ）, 3.2 km each

• C = 57856 m



Parameter
s Beam energy

Strength of 
Dipole

Bending 
radius

Total 
length of 
dipole

Length of 
quadrupole

Space 
between Q 
and B

Space 
between B 
and B

ARC numbers 
of the ring

Number of 
DS each ARC

Number of 
FODO cells 
each DS

value 35 TeV 20 T
5837.37 

m
36677.28 

m
6 m 3.5 m 1.4 m 8 2 3

Paramet
ers

Number of 
Dipoles
each FODO 

cell 
( N_dipole )

Number of 
FODO cell 
each ARC 

( N_fodo )

Length of 
dipole

Length of 
FODO cell

Length of 
one ARC ( 
including DS 
)

Total length
of ARC

Filling 
factor

value
8 or 10 or 

12 ?
? 14 -15 m ? ? ? ? ?

Calculation base on:

Parameter should be determined:

N_fodo each ARC N_fodo each ARCLSS LSS

DS ( full bend ): 
3 FODO cells

……

8 ARCs

DS ( full bend ): 
3 FODO cells

DS ( full bend ): 
3 FODO cells

DS ( full bend ): 
3 FODO cells

𝑁𝑓𝑜𝑑𝑜 + 6 × 8 × 𝑁𝑑𝑖𝑝𝑜𝑙𝑒 × 𝐿𝑑𝑖𝑝𝑜𝑙𝑒 = 36677.28



N_dipole each fodo N_fodo each ARC L_dipole ( m ) L_fodo ( m )
Length of one ARC 

( including DS ) ( m )
Total length of ARC 

( m )
filling factor

8 35 13.98 146.221 5995.06 47960.48 0.765 

8 34 14.33 149.0165 5960.66 47685.28 0.769 

8 33 14.69 151.9554 5926.26 47410.08 0.774 

8 32 15.08 155.049 5891.86 47134.88 0.778 

8 31 15.49 158.3097 5857.46 46859.68 0.783 

10 28 13.48 172.043 5849.46 46795.68 0.784 

10 27 13.89 176.1291 5812.26 46498.08 0.789 

10 26 14.33 180.4706 5775.06 46200.48 0.794 

10 25 14.79 185.0923 5737.86 45902.88 0.799 

10 24 15.28 190.022 5700.66 45605.28 0.804 

12 23 13.17 198.0917 5744.66 45957.28 0.798 

12 22 13.64 203.7379 5704.66 45637.28 0.804 

12 21 14.15 209.8022 5664.66 45317.28 0.809 

12 20 14.69 216.3331 5624.66 44997.28 0.815 

12 19 15.28 223.3864 5584.66 44677.28 0.821 



Constrained by beam optics related 
parameters



FODO cell design



Three groups of high gradient quadrupoles for SPPC
• At the IPs: D = 60 mm, Bpole = 20 T; 
• In the matching section: D = 60 mm, Bpole = 16 T; 
• At arcs: D = 45 mm, Bpole=16 T. 

Max gradient of quadrupoles:

𝑑𝐵𝑦

𝑑𝑥
=

20𝑇

0.03𝑚
= 666.7 𝑇/𝑚

𝐾𝑚𝑎𝑥 =

𝑑𝐵𝑦
𝑑𝑥
𝐵𝜌

=
666.7 𝑇/𝑚

20𝑇 ∙ 5837𝑚
≈ 0.00571

From 《CEPC-SPPC Pre CDR》

At the IPs: 

𝑑𝐵𝑦

𝑑𝑥
=

16𝑇

0.03𝑚
= 533.3.7 𝑇/𝑚

𝐾𝑚𝑎𝑥 =

𝑑𝐵𝑦
𝑑𝑥
𝐵𝜌

=
666.7 𝑇/𝑚

20𝑇 ∙ 5837𝑚
≈ 0.00457

At the IPs: 

𝑑𝐵𝑦

𝑑𝑥
=

16𝑇

0.0225𝑚
= 711.1 𝑇/𝑚

𝐾𝑚𝑎𝑥 =

𝑑𝐵𝑦
𝑑𝑥
𝐵𝜌

=
666.7 𝑇/𝑚

20𝑇 ∙ 5837𝑚
≈ 0.00605

At the IPs: 

Constrained by Max gradient of quadrupoles

Constrained by beta function

σ= 𝜀 ∙ 𝛽 =
𝜀𝑛

𝛾
∙ 𝛽

𝜀𝑛 = 4.1 μ𝑚，𝐸𝑖𝑛𝑗𝑒𝑐𝑡 = 2.1 TeV

𝑛𝑏𝜎 =
𝐴𝑝𝑒𝑟𝑡𝑢𝑟𝑒

𝜎

where aperture at arcs is: 22.5 – 5 = 17.5 mm

For FODO structure with 90 deg phase advance, K value 
and βmax can be estimated by:

𝐾 =
2 2

𝐿_𝐹𝑂𝐷𝑂 × 𝐿_𝑞𝑢𝑎𝑑𝑟𝑢𝑝𝑜𝑙𝑒

𝛽𝑚𝑎𝑥 = 𝐿_𝐹𝑂𝐷𝑂 × (1 +
2

2
)



N_dipole
each fodo

N_fodo each 
ARC

L_dipole ( m ) L_fodo ( m ) K Βmax ( m ) Dx ( m ) nbσ

8 35 13.98 146.22 0.00322 249.61 2.90 25.88 

8 34 14.33 149.02 0.00316 254.39 2.92 25.64 

8 33 14.69 151.96 0.00310 259.40 2.95 25.39 

8 32 15.08 155.05 0.00304 264.69 2.98 25.13 

8 31 15.49 158.31 0.00298 270.25 3.01 24.87 

10 28 13.48 172.04 0.00274 293.70 3.06 23.86 

10 27 13.89 176.13 0.00268 300.67 3.09 23.58 

10 26 14.33 180.47 0.00261 308.08 3.13 23.29 

10 25 14.79 185.09 0.00255 315.97 3.17 23.00 

10 24 15.28 190.02 0.00248 324.39 3.21 22.70 

12 23 13.17 198.09 0.00238 338.16 3.21 22.23 

12 22 13.64 203.74 0.00231 347.80 3.26 21.92 

12 21 14.15 209.80 0.00225 358.15 3.31 21.61 

12 20 14.69 216.33 0.00218 369.30 3.36 21.28 

12 19 15.28 223.39 0.00211 381.34 3.41 20.94 



FODO cell 1 FODO cell 2

Parameters summary:

• Dqb = 3.5 m

• Dbb = 1.4 m

• Lq = 6 m

• Ld = 14.789 m

• Lcell = 185.09 m

• Kq = 0.0026

• betax: 313.526 / 54.634 m

• betay: 54.617 / 313.492 m

N_dipole each fodo N_fodo each ARC L_dipole ( m ) L_fodo ( m )
Length of one ARC 

( including DS ) ( m )
Total length of ARC 

( m )
filling factor

8 35 13.98 146.221 5995.06 47960.48 0.765 

8 34 14.33 149.0165 5960.66 47685.28 0.769 

8 33 14.69 151.9554 5926.26 47410.08 0.774 

8 32 15.08 155.049 5891.86 47134.88 0.778 

8 31 15.49 158.3097 5857.46 46859.68 0.783 

10 28 13.48 172.043 5849.46 46795.68 0.784 

10 27 13.89 176.1291 5812.26 46498.08 0.789 

10 26 14.33 180.4706 5775.06 46200.48 0.794 

10 25 14.79 185.0923 5737.86 45902.88 0.799 

10 24 15.28 190.022 5700.66 45605.28 0.804 

12 23 13.17 198.0917 5744.66 45957.28 0.798 

12 22 13.64 203.7379 5704.66 45637.28 0.804 

12 21 14.15 209.8022 5664.66 45317.28 0.809 

12 20 14.69 216.3331 5624.66 44997.28 0.815 

12 19 15.28 223.3864 5584.66 44677.28 0.821 



Dispersion Suppressor



If we simply want to continue the FODO structure of the 
arc through the Long straight section—but with vanishing 
dispersion. The boundary conditions are:

Adjust the strength of dipoles? Or the strength of quadrupoles? 



DS consideration

Half bend DS

Missing bend DS

Change the strength of the bending magnets only



Full bend DS

The aim of the DS in LHC:
• adapt the LHC reference orbit to 

the geometry of the LEP tunnel; 
• cancel the horizontal dispersion;
• help in matching the insertion 

optics to the periodic solution of 
the arc.

LHC-like DS

K1 K2 K3 K4 K5 K6 K7
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kq1 -0.00260 
kq2 0.00220 
kq3 -0.00180 

kq4 0.00216 

kq5 -0.00205 

kq6 0.00259 
kq7 -0.00193 
kq8 0.00268 
kq9 -0.00260 

Full bend DS for SPPC

D
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ss
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kq1 0.00260 
kq2 -0.00275 

kq3 0.00284 
kq4 -0.00237 
kq5 0.00261 
kq6 -0.00257 

kq7 0.00238 

kq8 -0.00306 
kq9 0.00260 



kq1 0.00260 
kq2 -0.00275 

kq3 0.00298 
kq4 -0.00313 
kq5 0.00270 
kq6 -0.00260 

kq7 0.00227 

kq8 -0.00217 
kq9 0.00260 
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D
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p
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o
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u
p

p
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ss
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kq1 -0.00260 
kq2 0.00234 

kq3 -0.00244 
kq4 0.00258 

kq5 -0.00249 

kq6 0.00291 
kq7 -0.00262 
kq8 0.00274 
kq9 -0.00260 

Full bend DS for SPPC



Consideration of SPPC Interaction Region (IR)



Lattice of LHC high-luminosity insertion

• Q01,Q02a,Q02b,and Q03: 5.5 m long, 
70 mm aperture, powered in series

• Trim quadrupoles Q01 and Q03: 1.5 
m long, 85 mm aperture, powered 
independent.

Generally description of LHC interaction region



Interaction region optics
( collision mode β*=0.55 m L*=23 m)

Interaction region optics
( injection mode β*=18 m L*=23 m)

Optics of LHC interaction region



Optics of FCC-hh interaction region

Aperture 100 mm



L*=35 m
β*=0.75 m
L=1080 m
Linner triplet=20 m
Louter triplet=6 m
βmax=14724 m 
kqc1 =  0.001394058811 
kqc2 = -0.00107925583 
kqc3 = 0.001234363129 
kqc4 = -0.006836247018 
kqc5 =  0.002545507501
kqc6 = -0.003919800356

L*=45 m
β*=0.75 m
L=1080 m
Linner triplet=20 m
Louter triplet=6 m
βmax=17481 m 
kqc1 =  0.001237058811 
kqc2 = -0.00103935583 
kqc3 = 0.001216805443 
kqc4 = -0.005894270493 
kqc5 = 0.006125350975 
kqc6 = -0.006257202393 

L*=55 m
β*=0.75 m
L=1080 m
Linner triplet=20 m
Louter triplet=6 m
βmax=20945 m 
kqc1 =  0.001123058811
kqc2 = -0.00100155583 
kqc3 =  0.001184559998
kqc4 = -0.004467178588
kqc5 =  0.006321284511
kqc6 = -0.002595967274

IR lattice with different L* of SPPC



Rcoi𝑙 =
𝑒

𝑝

𝐵𝑝𝑜𝑙𝑒
𝑘

σ= 𝜀 ∙ 𝛽

𝐵𝑝𝑜𝑙𝑒 m𝑎𝑥 =20 T

𝜀𝑛 = 4.1 μ𝑚

L*=35 m

Estimate of aperture

Beam stay clear: 20σ

Space left for：

• Shielding

• liquid helium

• beam screen

……



σ= 𝜀 ∙ 𝛽

𝐵𝑝𝑜𝑙𝑒 m𝑎𝑥 =20 T

𝜀𝑛 = 4.1 μ𝑚

Rcoi𝑙 =
𝑒

𝑝

𝐵𝑝𝑜𝑙𝑒
𝑘

L*=45 m

Beam stay clear: 20σ

Estimate of aperture



σ= 𝜀 ∙ 𝛽

𝐵𝑝𝑜𝑙𝑒 m𝑎𝑥 =20 T

𝜀𝑛 = 4.1 μ𝑚

Rcoi𝑙 =
𝑒

𝑝

𝐵𝑝𝑜𝑙𝑒
𝑘

L*=55 m

Beam stay clear: 20σ

Estimate of aperture



• Confirm the requirement of L*

One example case of L* = 45 m of FCC

• Confirm the Bpole max of inner triplet

• Confirm the thickness of different layers of inner triplet. 
Shielding, liquid helium, beam screen and so on.

• Estimate the magnets’ aperture and evaluate the beam stay clear

More to do:



Summary

• Optimize the lattice design base on the current 
progress(Arc filling factor, DS matching, IR study)

• Dynamic aperture study

• Preliminary lattice design of a 70 TeV collider，
using 20 T bending magnets.

• Lattice design constrained by both geometry 
problem and beam optics problem.

• Full bend DS will lead to both beta and dispersion 
bump, which will influence other systems such as 
collimator.

Next to do



Thanks！


