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1. SPPC Parameter Choice and Comparation 



Main Parameter of SPPC Main Ring (Pre-CDR、61km、82km、100km) 



2.     SPPC Lattice Layout 

Layout of SPPC Main Ring

( Dec 15, 2016, Su Feng )

LSS1_coll

LSS5_coll

LSS3_ppLSS7_pp

LSS8_ep LSS2_rf

LSS4_AA

LSS6_inj

1
2

5
0
 m

4300m

C=100 km

Injector Chain



3.    61km SPPC Lattice Design and DA Study 
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3.    61km SPPC Lattice Design and DA Study 
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3.    61km SPPC Lattice Design and DA Study 
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4.    100km SPPC Lattice Design and DA Study 

（under way） 
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5.   Summary 

 We optimized the parameter list version201503, we considered the new 

lattice layout of CEPC （PDR APDR DR） and the combination of CEPC 

and SPPC. The beam energy and length of long straight sections so as the 

circumference have a little change. We get the newest parameter list 

version201609. 

 The first version of 61 km SPPC Lattice was designed . Full crossing angle 

is 146urad. Beta at IP is 0.75um. 

 A first Dynamic Aperture study and the preliminary DA is showed and it 

seems not too small. 126 sigma at IR.  

 The deep beam dynamics study is needed. 

 100 km SPPC Lattice is under way. 



II.  CEPC Partial Double Ring Lattice Design: 

1. CEPC PDR Parameter and Lattice Layout 

2. CEPC PDR Lattice Design (61 km) 

3. CEPC PDR DA Study and Optimization 
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1.   CEPC PDR Parameter and Lattice Layout 

 wangdou20160918 Pre-CDR H-high lumi. H-low power W Z 

Number of IPs 2 2 2 2 2 

Energy (GeV) 120 120 120 80 45.5 

Circumference (km) 54 61 61 61 61 

SR loss/turn (GeV) 3.1 2.96 2.96 0.58 0.061 

Half crossing angle (mrad) 0 15 15 15 15 

Piwinski angle 0 1.88 1.84 5.2 6.4 

Ne/bunch (1011) 3.79 2.0 1.98 1.16 0.78 

Bunch number 50 107 70 400 1100 

Beam current (mA) 16.6 16.9 11.0 36.5 67.6 

SR power /beam (MW) 51.7 50 32.5 21.3 4.1 

Bending radius (km) 6.1 6.2 6.2 6.2 6.2 

Momentum compaction (10-5) 3.4 1.48 1.48 1.44 2.9 

IP x/y (m) 0.8/0.0012 0.272/0.0013 0.275 /0.0013 0.1/0.001 0.1/0.001 
Emittance  x/y (nm) 6.12/0.018 2.05/0.0062 2.05 /0.0062 0.93/0.0078 0.88/0.008 
Transverse  IP (um) 69.97/0.15 23.7/0.09 23.7/0.09 9.7/0.088 9.4/0.089 

x/IP 0.118 0.041 0.042 0.013 0.01 

y/IP 0.083 0.11 0.11 0.073 0.072 

VRF (GV) 6.87 3.48 3.51 0.74 0.11 

f RF (MHz) 650 650 650 650 650 

Nature z (mm) 2.14 2.7 2.7 2.95 3.78 

Total  z (mm) 2.65 2.95 2.9 3.35 4.0 

HOM power/cavity (kw) 3.6 0.74 0.48 0.88 0.99 

Energy spread (%) 0.13 0.13 0.13 0.087 0.05 

Energy acceptance (%) 2 2 2 

Energy acceptance  by RF (%) 6 2.3 2.4 1.7 1.2 

n 0.23 0.35 0.34 0.49 0.34 

Life time due to 

beamstrahlung_cal (minute) 
47 37 37 

F (hour glass) 0.68 0.82 0.82 0.92 0.93 

Lmax/IP (1034cm-2s-1) 2.04 3.1 2.01 4.3 4.48 

wangdou20160918 
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1.   CEPC PDR Parameter and Lattice Layout 



For CEPC 120GeV beam: 

Max. deflection per separator is 66μrad. 
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1.   CEPC PDR Parameter and Lattice Layout 
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2.     CEPC PDR Lattice Design 





Detail of CEPC PDR1.0.3  noFFS  



Parameters of Separators   sufeng201605 

Separator length 4.5 m   

Electrode length 4 m   

Maximum operating field strength 1.875 MV/m 
上限
2MV/m 

Beam energy 120 GeV   

Maximum deflection per separator at 
120GeV 62.5 urad 微弧度 

Number of separators per collision point 12*2=24     

Total number of separators (PDR) 24*2=48     

Total number of separators (APDR6) 24*6=144     

Total number of separators (APDR8) 24*8=192     



According to CEPC Pre-CDR Magnet Parameter 

Dipole magnets 

Quantity 1984 

Maximum field strength(T) 0.07 

Magnetic gap (mm) 80 

Bending angle (mrad) 3.17 

Magnetic Length (m) 18 

Bending radius (m) 6094 

Good field region (mm) 100 

Core cross section (W*H) (mm) 450*400 

CEPC  MQ 

Quantity 2304 

Bore diameter (mm) 100 

Field Gradient (T/m) 10 

Magnetic Length (m) 2.0 

Core width and height (mm) 700*700 

Core length (mm) 1960 

Super Conducting Q in 
CEPC IR 

QF QD 

Field Gradient (T/m) 304 309 

Magnetic Length (m) 1.25 0.72 

Peak field in coil (T) 7.2 7.1 

Coil inner diameter (mm) 40 40 

Coil out diameter (mm) 74 74 

Cryostat diameter (mm) 400 400 

Coil mechanical length (mm) 1500 950 

CEPC  MS SD SF 

Quantity 992 992 

Aperture diameter (mm) 120 120 

Good field region (mm) 100 100 

Strength of sextupole field 
(T/m^2) 

180 180 

Magnetic Length (m) 700 400 

Core width and height (mm) 520 520 

Length of iron core (mm) 670 370 



 Dipole Strength PDR1.0.3 without FFS 

Angle(mrad) L(m) Rho(m) Brho(E0/
c)(T/m) 

B(T) Ek(KeV) KeV/m 

B0 3.205 19.6 6115.44 400 0.06541 626.349 31.956 

BSepL -0.0625 4.5 -72000 400 -0.00556 53.2 11.822 

BMatch1L -8.344 19.6 -2348.99 400 -0.1702 1630.66 83.1967 

BMatch2L 1.997 19.6 9814.72 400 0.0407 390.271 19.9118 

BMatch3L -7.653 19.6 -2561.09 400 -0.1562 1495.61 76.3069 

B2 2.1428 19.6 9146.91 400 0.04373 418.764 21.3655 

B3 -2.1428 19.6 -9146.91 400 -0.04373 418.764 21.3655 

BMatch3R 7.653 19.6 2561.09 400 0.1562 1495.61 76.3069 

BMatch2R -1.997 19.6 -9814.72 400 -0.0407 390.271 19.9118 

BMatch1R 8.344 19.6 2348.99 400 0.1702 1630.66 83.1967 

BSepR 0.0625 4.5 72000 400 0.00556 53.2 11.822 

24 
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3.  CEPC PDR DA Study and Optimization 



4.   summary 

 We finished the 61 km CEPC PDR lattice design and showed the dynamic aperture 

study and optimization. 

 We choose double ring scheme for e+e- at IP1 and IP3. The total length of this part is 

about 3.7 km. The full crossing angle for CEPC partial double ring scheme is 30 mrad. 

 At the start of the double ring, we need to use electrostatic separator to separate the 

electron and positron beams. We choose the parameter of electrostatic separator 

according to the experience on LEP. The maximum operating field strength is 2 MV/m. 

  We optimized DA by Multi-objective Optimization Genetic Algorithm (MOGA). The 

on-momentum dynamic aperture is about 18 σx in horizontal and 40 σy in vertical. And 

the off momentum particles dynamic aperture is much larger than before, about 10 σx in 

horizontal for dp/p=1% and 4σx in horizontal for dp/p=2%. In vertical, it’s also much 

bigger than before. 



III.  CEPC Advanced Partial Double Ring Lattice Design: 

1. CEPC APDR Parameter and Lattice Layout 

2. CEPC APDR Lattice Design ( 64km  100km) 

3. CEPC APDR DA Study and Optimization 

4. Summary 
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1.   CEPC APDR Parameter and Lattice Layout (64 km) 

 wangdou20160918 Pre-CDR H-high lumi. H-low power W Z 

Number of IPs 2 2 2 2 2 

Energy (GeV) 120 120 120 80 45.5 

Circumference (km) 54 61 61 61 61 

SR loss/turn (GeV) 3.1 2.96 2.96 0.58 0.061 

Half crossing angle (mrad) 0 15 15 15 15 

Piwinski angle 0 1.88 1.84 5.2 6.4 

Ne/bunch (1011) 3.79 2.0 1.98 1.16 0.78 

Bunch number 50 107 70 400 1100 

Beam current (mA) 16.6 16.9 11.0 36.5 67.6 

SR power /beam (MW) 51.7 50 32.5 21.3 4.1 

Bending radius (km) 6.1 6.2 6.2 6.2 6.2 

Momentum compaction (10-5) 3.4 1.48 1.48 1.44 2.9 

IP x/y (m) 0.8/0.0012 0.272/0.0013 0.275 /0.0013 0.1/0.001 0.1/0.001 
Emittance  x/y (nm) 6.12/0.018 2.05/0.0062 2.05 /0.0062 0.93/0.0078 0.88/0.008 
Transverse  IP (um) 69.97/0.15 23.7/0.09 23.7/0.09 9.7/0.088 9.4/0.089 

x/IP 0.118 0.041 0.042 0.013 0.01 

y/IP 0.083 0.11 0.11 0.073 0.072 

VRF (GV) 6.87 3.48 3.51 0.74 0.11 

f RF (MHz) 650 650 650 650 650 

Nature z (mm) 2.14 2.7 2.7 2.95 3.78 

Total  z (mm) 2.65 2.95 2.9 3.35 4.0 

HOM power/cavity (kw) 3.6 0.74 0.48 0.88 0.99 

Energy spread (%) 0.13 0.13 0.13 0.087 0.05 

Energy acceptance (%) 2 2 2 

Energy acceptance  by RF (%) 6 2.3 2.4 1.7 1.2 

n 0.23 0.35 0.34 0.49 0.34 

Life time due to 

beamstrahlung_cal (minute) 
47 37 37 

F (hour glass) 0.68 0.82 0.82 0.92 0.93 

Lmax/IP (1034cm-2s-1) 2.04 3.1 2.01 4.3 4.48 

wangdou20160918 



1.   CEPC APDR Parameter and Lattice Layout (100 km) 

parameter for CEPC partial double ring（wangdou20161115-100km） 

  Pre-CDR H-high lumi. H-low power Z 

Number of IPs 2 2 2 2 

Energy (GeV) 120 120 120 45.5 

Circumference (km) 54 100 100 100 

SR loss/turn (GeV) 3.1 1.67 1.67 0.034 

Half crossing angle (mrad) 0 15 15 15 

Piwinski angle 0 2.9 2.9 5.69 

Ne/bunch (1011) 3.79 0.97 0.97 0.46 

Bunch number 50 644 425 1100 

Beam current (mA) 16.6 29.97 19.8 24.3 

SR power /beam (MW) 51.7 50 33 0.84 

Bending radius (km) 6.1 11 11 11 

Momentum compaction (10-5) 3.4 1.3 1.3 3.3 

IP x/y (m) 0.8/0.0012 0.144 /0.002 0.144 /0.002 0.12/0.001 
Emittance  x/y (nm) 6.12/0.018 1.56/0.0047 1.56/0.0047 0.93/0.0049 
Transverse  IP (um) 69.97/0.15 15/0.097 15/0.097 10.5/0.07 

x/IP 0.118 0.0126 0.0126 0.0075 

y/IP 0.083 0.083 0.083 0.054 

VRF (GV) 6.87 2.0 2.22 0.11 

f RF (MHz) 650 650 650 650 

Nature z (mm) 2.14 2.72 2.72 3.93 

Total  z (mm) 2.65 2.9 2.9 4.0 

HOM power/cavity (kw) 3.6 0.64 0.42 0.21 

Energy spread (%) 0.13 0.098 0.098 0.037 

Energy acceptance (%) 2 1.5 1.5 

Energy acceptance  by RF (%) 6 2.2 2.2 1.1 

n 0.23 0.26 0.26 0.18 

Life time due to beamstrahlung_cal 

(minute) 
47 52 52 

F (hour glass) 0.68 0.95 0.95 0.91 

Lmax/IP (1034cm-2s-1) 2.04 3.1 2.05 1.19 



1.   CEPC APDR Parameter and Lattice Layout 



2. CEPC APDR Lattice Design (64 km) 
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3.  CEPC APDR DA Study and Optimization (64 km) 
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3.  CEPC APDR DA Study and Optimization (64 km) 



4.  Sunnary 

 We finished the 64 km CEPC APDR lattice design and showed the dynamic aperture 

study and optimization. 

 We choose double ring scheme for e+e- at IP1 and IP3. The total length of this part is 

about 3.7 km. The full crossing angle for CEPC partial double ring scheme is 30 mrad. 

 We add 6 double ring part in CEPC PDR to solve the beam loading problems from RF 

system. And it seems work. 

 The lattice design become much more complex. And the orbit can’t be corrected easily.  

 The DA optimization is also a hard work. 

 We also start the 100 km CEPC APDR lattice design. 
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1.   CEPC DR Parameter and Lattice Layout (61 km) 

 wangdou20160918 Pre-CDR H-high lumi. H-low power W Z 

Number of IPs 2 2 2 2 2 

Energy (GeV) 120 120 120 80 45.5 

Circumference (km) 54 61 61 61 61 

SR loss/turn (GeV) 3.1 2.96 2.96 0.58 0.061 

Half crossing angle (mrad) 0 15 15 15 15 

Piwinski angle 0 1.88 1.84 5.2 6.4 

Ne/bunch (1011) 3.79 2.0 1.98 1.16 0.78 

Bunch number 50 107 70 400 1100 

Beam current (mA) 16.6 16.9 11.0 36.5 67.6 

SR power /beam (MW) 51.7 50 32.5 21.3 4.1 

Bending radius (km) 6.1 6.2 6.2 6.2 6.2 

Momentum compaction (10-5) 3.4 1.48 1.48 1.44 2.9 

IP x/y (m) 0.8/0.0012 0.272/0.0013 0.275 /0.0013 0.1/0.001 0.1/0.001 
Emittance  x/y (nm) 6.12/0.018 2.05/0.0062 2.05 /0.0062 0.93/0.0078 0.88/0.008 
Transverse  IP (um) 69.97/0.15 23.7/0.09 23.7/0.09 9.7/0.088 9.4/0.089 

x/IP 0.118 0.041 0.042 0.013 0.01 

y/IP 0.083 0.11 0.11 0.073 0.072 

VRF (GV) 6.87 3.48 3.51 0.74 0.11 

f RF (MHz) 650 650 650 650 650 

Nature z (mm) 2.14 2.7 2.7 2.95 3.78 

Total  z (mm) 2.65 2.95 2.9 3.35 4.0 

HOM power/cavity (kw) 3.6 0.74 0.48 0.88 0.99 

Energy spread (%) 0.13 0.13 0.13 0.087 0.05 

Energy acceptance (%) 2 2 2 

Energy acceptance  by RF (%) 6 2.3 2.4 1.7 1.2 

n 0.23 0.35 0.34 0.49 0.34 

Life time due to 

beamstrahlung_cal (minute) 
47 37 37 

F (hour glass) 0.68 0.82 0.82 0.92 0.93 

Lmax/IP (1034cm-2s-1) 2.04 3.1 2.01 4.3 4.48 

wangdou20160918 



parameters for CEPC double ring   （wangdou20161202-100km_2mmy） 

  Pre-CDR H-high lumi. H-low power W Z 

Number of IPs 2 2 2 2 2 2 

Energy (GeV) 120 120 120 80 45.5 45.5 

Circumference (km) 54 100 100 100 100 100 

SR loss/turn (GeV) 3.1 1.67 1.67 0.33 0.034 0.034 

Half crossing angle (mrad) 0 15 15 15 15 15 

Piwinski angle 0 2.9 2.9 3.57 5.69 5.69 

Ne/bunch (1011) 3.79 0.97 0.97 1.05 0.46 0.46 

Bunch number 50 644 425 1000 10520 65716 

Beam current (mA) 16.6 29.97 19.8 50.6 232.1 1449.7 

SR power /beam (MW) 51.7 50 33 16.7 8.0 50 

Bending radius (km) 6.1 11 11 11 11 11 

Momentum compaction (10-5) 3.4 1.3 1.3 3.1 3.3 3.3 

IP x/y (m) 0.8/0.0012 0.144 /0.002 0.144 /0.002 0.1 /0.001 0.12/0.001 0.12/0.001 
Emittance  x/y (nm) 6.12/0.018 1.56/0.0047 1.56/0.0047 2.68/0.008 0.93/0.0049 0.93/0.0049 
Transverse  IP (um) 69.97/0.15 15/0.097 15/0.097 16.4/0.09 10.5/0.07 10.5/0.07 

x/y/IP 0.118/0.083 0.0126/0.083 0.0126/0.083 0.0082/0.055 0.0075/0.054 0.0075/0.054 

RF Phase (degree) 153.0 131.2 131.2 149  160.8  160.8 

VRF (GV) 6.87 2.22 2.22 0.63 0.11 0.11 

f RF (MHz)  (harmonic) 650 650 (217800) 650 (217800) 650 (217800) 650 (217800) 

Nature z (mm) 2.14 2.72 2.72 3.8 3.93 3.93 

Total  z (mm) 2.65 2.9 2.9 3.9 4.0 4.0 

HOM power/cavity (kw) 3.6 (5cell) 0.64 (2cell) 0.42 (2cell) 1.0 (2cell) 1.0 (1cell) 6.25(1cell) 

Energy spread (%) 0.13 0.098 0.098 0.065 0.037 0.037 

Energy acceptance (%) 2 1.5 1.5 

Energy acceptance  by RF (%) 6 2.2 2.2 1.5 1.1 1.1 

n 0.23 0.26 0.26 0.26 0.18 0.18 

Life time due to 

beamstrahlung_cal (minute) 
47 52 52 

F (hour glass) 0.68 0.95 0.95 0.84 0.91 0.91 

Lmax/IP (1034cm-2s-1) 2.04 3.1 2.05 4.08 11.36 70.97 39 

1.   CEPC DR Parameter and Lattice Layout (100 km) 



1.   CEPC DR Parameter and Lattice Layout 

Layout of CEPC Double Ring 
( Dec. 15, 2016,   Su Feng )
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2.   CEPC DR Lattice Design (61km) 



2.   CEPC DR Lattice Design (100 km) 

…… 



3.  CEPC DR DA Study and Optimization(61 km) 
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3.  CEPC DR DA Study and Optimization(61 km) 



4.     Summary 

 We finished the 61 km CEPC DR lattice design and showed the dynamic aperture study 

and optimization. 

 The lattice layout is very likely with FCC-ee. 

 The lattice design and the DA optimization is a little easier. 

 We also start the 100 km CEPC DR lattice design. 
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