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Layout of LHC Layout of FCC

Background



Huiping Geng



LSS for collimation scaled-up from LHC

 Phase advances of secondary collimators 
are relatively fixed

 According to the formula:

𝜇 =  
d𝑠

𝛽

Zou Ye

Insertion length ~ 1.6 kmInsertion length ~ 2.7 or 2.8 km



Layout of CEPC Partial double ring 

~ 3.5 km



Parameter ATLAS CMS ALICE LHCb

Length (m) 46 21 26 21

Height (m) 25 15 16 10

Width (m) 25 15 16 13

Size of detectors in LHC

Hdetouring ~ 15 m?

Consideration of detouring the CEPC detectors



• Partial double ring, length of LSS reach 3.5km.

• Detouring angle：θ

• 𝑥 = 2𝑅(1 − 𝑐𝑜𝑠𝜃), 𝑦 = 2𝑅𝑠𝑖𝑛𝜃

• If x=15 m，R=5837.4m，then y ≈600 m

• So the detouring section may reduce the LSS of 2 × 600 
m=1200 m，there are more than 2 km for collimation.

• This scheme allows the proton ring to detour around the CEPC 
detectors.

Detouring the CEPC detectors from upside of the electron ring
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General layout of SPPC

LSS1
( Collimation )

( IP1-ee for CEPC )

LSS2
( Inj )

LSS3
( IP2-pp )

LSS4
( Inj )

LSS5
( Collimation )

( IP3-ee for CEPC )

LSS6
( Extr )

LSS7
( IP4-pp )

LSS8
( Extr )

• Use the same CEPC tunnel to 
build SPPC

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

• 8 arcs, 5673.6 m  each

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

• 2 IPs for pp, 975.15 m each

• 2 IRs for injection, 975.15 m 
each

• 2 IRs for extraction, 975.15 m 
each

• 2 IRs for collimation( ee for 
CEPC ）, 3.5 km each

C=58.2 km



ARC design



ARC

LHC arc cell

• 90 degree phase advance
• 106.9 m length per cell

FCC arc cell

• 90 degree phase advance
• 214.755 m length per cell





Fodo cell in the Arc of FCC

cell length: 214.755m
number of dipoles: 12
dipole field: 15.9 T
dipole length: 14.3
Quadrupole length: 6.29m
Beta_max: ~370 m
Dx_max: ~2.4 m

cell length: 206.8 m
number of dipoles: 12
dipole field: 20 T
dipole length: 14.15
quadrupole length: 6m
LBB=1 m
LBQ=3.5 m
Filling factor 0.821
Kq=0.002336321445
Beta_max: ~350 m
Dx_max: ~4 m

cell length: ~110m
number of dipoles: 6
dipole field: 8.33 T
dipole length: 14.3
quadrupole length: 3.1 m
Beta_max: ~180 m
Dx_max: ~2.018 mFodo cell in the Arc of LHC

cell length: 177.3 m
number of dipoles: 10
dipole field: 20 T
dipole length: 14.33
quadrupole length: 6m
LBB=1 m
LBQ=3.5 m
Filling factor 0.808
Kq=0.002720819308
Beta_max: ~300 m
Dx_max: ~2.94 m

Structure of FODO cell 

Consideration of Fodo cell in the 
Arc of SPPC

Consideration of Fodo cell in the 
Arc of SPPC

Different length of fodo cell, different beta_max and Dx_max. 



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 for SPPC(for 
discussing)

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 = 0.002175287993 ;
k2 =-0.002399346694 ;
k3 = 0.002632583037 ;
k4 =-0.002309155859 ;
k5 = 0.002983161561 ;
k6 =-0.002465076854 ;
k7 = 0.002840436513 ;

K1 K2 K3 K4 K5 K6 K7



Preliminary consideration of detouring 
the CEPC detectors



Detouring FODO

Combination of π phase shift sections

• Length: 830 m
• Including 4 detouring fodo cells
• Lbend: ~14 m
• Lquad: 6m
• Larc_fodo:144 m
• karc_fodo:0.0033687
• Ldetour_fodo:104 m
• kdetour_fodo:0.0042637
• Climb up to 24 m

B -B

ARC FODO



K1 K3 K5 K7 K9

K2 K4 K6 K8

B -B

Detouring section 

Combination of four regular FODO cells Combination of four irregular FODO cells

K1 K3 K5 K7 K9

K2 K4 K6 K8

B -B



Section length: 709.2 m
number of dipoles: 40
dipole length: 14.33
Quadrupole length: 6m
Beta_max: ~520 m
Dx_max: ~4.9 m
K_max: 0.00566
Climb up to: 17.82 m

Section length: 678.5 m
number of dipoles: 38
dipole length: 14.33
Quadrupole length: 6m
Beta_max: ~434 m
Dx_max: ~4.3 m
K_max: 0.00532
Climb up to: 16.2 m

Section length: 647.9 m
number of dipoles: 36
dipole length: 14.33
Quadrupole length: 6m
Beta_max: ~379 m
Dx_max: ~3.5 m
K_max: 0.00522
Climb up to: 14.6 m

Section length: 617.2 m
number of dipoles: 34
dipole length: 14.33
Quadrupole length: 6m
Beta_max: ~393 m
Dx_max: ~3.04 m
K_max: 0.00515
Climb up to: 13.14 m

Section length: 586.6 m
number of dipoles: 32
dipole length: 14.33
Quadrupole length: 6m
Beta_max: ~434 m
Dx_max: ~2.43 m
K_max: 0.00548
Climb up to: 11.7 m



Consideration of SPPC Interaction Region (IR)

LSS1
( Collimation )

( IP1-ee for CEPC )

LSS2
( Inj )

LSS3
( IP2-pp )

LSS4
( Inj )

LSS5
( Collimation )

( IP3-ee for CEPC )

LSS6
( Extr )

LSS7
( IP4-pp )

LSS8
( Extr )

C=58.2 km

Parameter value

Beam energy 35 TeV

Number of IPs 2

Luminosity 1.2×1035 cm-2s-1

Length ~1000 m

β* 0.75 m

Normalized 
emittance

4.1 μm

Parameters for the SPPC 
Interaction Region



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



σ= 𝜀 ∙ 𝛽

𝐵𝑝𝑜𝑙𝑒 m𝑎𝑥 =20 T

𝜀𝑛 = 4.1 μ𝑚

Rcoi𝑙 =
𝑒

𝑝

𝐵𝑝𝑜𝑙𝑒
𝑘

L*=55 m

Beam stay clear: 20σ



• 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:



Another try of a 100 TeV collider

By Zhang Linhao



Parameter Unit Symbol
Final  

Scheme

Beam energy TeV Wtop 50

Dipole field T Btop 16

Dipole curvature 
radius

m ρ 10424.0732

Arc filling factor 0.79

Total dipole 
magnet length

m LD 65496.3861

Arc length m LARC 82906.8178

Circumference km C 100

Total straight 
section length

m Lstr 17093.1822



ARCCELL

Length:178.2m
phase advance:900 x/y
βmax=301.7634248m
Dxmax=1.688097108m
k1=0.002706940548;
filling factor:0.8204



qd0->k1=-0.002368557062;
qf1->k1=0.002311339272;
qd1->k1=-0.00211714948;
qf2->k1=0.00261645177;
qd2-k1=-0.002345180445;
qf3->k1=0.002991198662;
qd3->k1= -0.002620304284;

qd0->k1=-0.002368557062;
qf1->k1=0.002311339272;
qd1->k1=-0.00211714948;
qf2->k1=0.00261645177;
qd2-k1=-0.002345180445;
qf3->k1=0.002991198662;
qd3->k1= -0.002620304284;

DSL

DSR

Dispersion Suppressor



k1=k2=k3=k = 0.00144768;
k4 = 0.001200228203;
k5 = 0.002842492845;
k6 = 0.002837144627;
k7 = 0.001935363832;
L1=20,    L2.a=L2.b=16, 
L3=19,   L4=L7=6.8,     
L5=L6=9.6

 quad length and strength:

Interaction Region



Summary

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

• Chromaticity study

• Dynamic aperture study

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

• Another try of a 100 TeV collider, using 16 T 
bending magnets

Next to do



Thanks！


