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CEPC-SppC outline
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Physics goals of CEPC-SppC

e"e” Higgs & Z factory

E.,~ 240GeV, luminosity/IP = 3x103cm2s"!, 2 IPs, >1M Higgs in 10 years

E.,~ 91GeV, luminosity/IP > 1x103*cm2s!, 2 IPs, 10!°Z /year

Precision measurement of the Higgs boson and the Z boson  Higgs precision 1% or better
p-p collider
Upgradable to pp collision with E_ = 50-100 TeV (with ep, HI options) in the tunnel of CEPC

A discovery machine for BSM new physics

BEPCII has already operated for 11 years
CEPC - possible accelerator based particle physics program in China after BEPCII

Precision measurement + Discovery
Complementary with each other



CEPC-SPPC Timeline (preliminary and ideal)

CEPC current time
e} ' o Tel o n
~— N N o o
o o o o o
N N N N N
Pre-studies En inee$i8r‘|D Desian Construction Data taking
(2013-2015) 9 g -esig (2022-2030) (2030-2040)

(2016-2022)

15t Milestone: Pre-CDR (by the end of 2014) ;

2"d Milestone: R&D funding from MOST (in Mid 2016);

3rd Milestone: CEPC CDR progress Report (by the end of 2016);

4t Milestone: CEPC CDR Report (by the end of Aug 2018);

5t Milestone: CEPC TDR Report and Proto R&D (by the end of 2022);
6" Milestone: CEPC construction start (2022);

SPPC

2020
2030
2040

R&D and CDR Engineering Design Construction
(2014-2030) (2030-2035) (2040-2050)




arXiv:1809.00285
CEPC accelerator CDR completed in June 2018

IHEP-CEPC-DR-2018-01
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The CEPC Study Group
August 2018

CDR International Review June 28-30, 2018. Final CDR (accelerator) released on Sept. 2, 2018



Candidate sites of CEPC-SppC
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Moderate Relatively difficult Relatively easy

Construction
difficulty

Huangling (100km)

Shen-Shan (100km)
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Outline

* Geometry design
* Beam performance of CEPC collider ring

* Injection chain Collider ring € Booster € Linac
* Engineering progress of project

* Summary



Geometry design

* CEPC which aims at researching Higgs boson is a double
ring scheme optimized at the beam energy of 120GeV.

e Super proton-proton collider (SPPC) will be the next
project after the operation of CEPC in the future.

e The -circumference of CEPC 1s 100km which is
determined by the requirements of SPPC.

* The arc regions of the SPPC collider ring, the CEPC
collider ring and the CEPC booster ring are in the same
tunnel.

®1050

Cryogenic
transfer line

* The booster ring of CEPC is located above collider ring
with the distance of 2.4m.




Higgs Mode

W & Z Mode

Positron Ring RF Station

* Double ring collider with 2 IPs
* Compatible with the geometry of SPPC




Beam performance of CEPC collider ring

Higgs w Z 31) Z Q2r)
Number of IPs 2
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/turn (GeV) 1.73 0.34 0.036
Crossing angle at IP (mrad) 16.5X2
Piwinski angle 3.48 7.0 23.8
Number of particles/bunch N, (10'%) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68us) 1524 (0.21ps) 12000 (25ns+10%gap)
Beam current (mA) 17.4 87.9 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compact (10-) 1.11
B function at IP 8.*/ B,* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance &/¢, (nm) 1.21/0.0024 0.54/0.0016 0.18/0.004 0.18/0.0016
Beam size at IP o, /0, (um) 20.9/0.06 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters £/& 0.018/0.109 0.013/0.123 0.004/0.06 0.004/0.079
RF voltage V- (GV) 2.17 0.47 0.10
RF frequency f »- (MHz) (harmonic) 650 (216816)
Natural bunch length o, (mm) 2.72 2.98 2.42
Bunch length o, (mm) 4.4 5.9 8.5
HOM power/cavity (2 cell) (kw) 0.46 0.75 1.94
Energy spread (%) 0.134 0.098 0.080
Energy acceptance requirement (%) 1.35 0.90 0.49
Energy acceptance by RF (%) 2.06 1.47 1.7
Photon number due to beamstrahlung 0.082 0.050 0.023
Beamstruhlung lifetime /quantum lifetime* (min) 80/80 >400
Lifetime (hour) 0.43 1.4 4.6 | 2.5
F (hour glass) 0.89 0.94 0.99
Luminosity/IP L (103*cm2s™") 3 10 17 | 32




Beam performance of CEPC collider ring

Interaction region

v L*=2.2m, 0c=33mrad, px*=0.36m, py*=1.5mm, Detector solenoid=3.0T

— Lower strength requirements of anti-solenoids (B,~7.2T)

— Enough space for the SC quadrupole coils in two-in-one type (Peak field 3.8T & 136T/m)

with room temperature vacuum chamber.

Collar, outer radius 31.5mm
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Shield coil, outer radius 33.5mm v
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Beam performance of CEPC collider ring

Interaction region

— The most complicated part. Realizability must be considered carefully.

Anti-solenoid coils
4 4 Beam lines of e+ and e-
QF1 Coils
0.264m Cos6=0.993 / /‘ ‘
P s ’1
}C/ ] i
? W
L 1.11m QDO Coils
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Beam performance of CEPC

collider ring

Interaction region
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Anti-solenoid Before QDO Within QDO | After QDO
Central field (T) 7.2 2.8 1.8
Magnetic length (m) 1.1 2.0 1.98
Conductor (NbTi-Cu, mm) 2.5x1.5

Coil layers 16 | 8 | 4/2
Excitation current (kA) 1.0

Inductance (H) 1.2

Peak field in coil (T) 7.7 3.0 1.9
Number of sections 4 11 7
Solenoid coil inner diameter (mm) 120

Solenoid coil outer diameter (mm) 390

Total Lorentz force F, (kN) -75 -13 | 88
Cryostat diameter (mm) 500

= Detector solenoid
-=—Combined Bz

——Anti-Solenoid

0 1 2 3 4 5 6 7 8
Distance from the IP (m)

22 anti-Solenoid sections with different inner coil diameters
fBzds within 0~2.12m. Bz < 300Gauss away from 2.12m
with local cancellation structure

The skew quadrupole coils are designed to make fine tuning of
Bz over the QF&QD region instead of the mechanical rotation.



Beam performance of CEPC collider ring

/ Interaction region
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S
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B - 3 mask tips are added to shadow the beam pipe wall from

/ \ 0.7 m to 3.93 m reduces the number of photons that hit the Be
19 ﬁ : - | pipe from 2x10* to about 200 (100 times lower).
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Beam performance of CEPC collider ring
RF region

— Common cavities for Higgs mode, bunches filled in half ring for e+ and e-.
— Independent cavities for W & Z mode, bunches filled in full ring.
— Two cell & 650MHz RF cavity. The outer diameter is 1.5m. Distance of two ring is 1.0m.

11111
AME RIIQ2  RUQ3 R RIINMEL

Outer Ring et H Mode == ouwerring ®  DUring the operation of Higgs mode all the
TIze<zllC = RF cavities are shared by both e+ and e-

ffffffffffff - T > . C .
Inner Ring merRing — beams with the application of the
Outer Ring W & 7 Mode Outer Ring combining magnets nearby the RF cavities.
T : : o For the W and Z modes the surveys of e+
. v e o and e- rings in the RF region are designed
B{ 1 == Hﬂ B T e T ELH == }B independently by turning off the
= jﬂ—r T—ﬂ: G i combining magnets so that all bunches can

E UL Ue l " BEPCII RFwe — <t U 1 JB be filled along the whole rings.



Beam performance of CEPC collider ring
ARC region

— Distance of two ring is 0.35m to adopt twin-aperture Q & B magnets. - A. Milanese
— FODO cell, 90°/90°, non-interleaved sextupole scheme.

— Sextupoles are independent type for the flexibility of optics. J L

H
-




Beam performance of CEPC collider ring

Injection region

Septum Injecting beam

Stored beam

On-axis and Off-axis injection

[~ '\

"~

For Higgs, W and Z modes

Only for Higgs mode

Off-axis injection

On-axis injection



Collider Ring

—i»>—

0.068mA

° ° ° ° . .
The on-axis injection Higgs | DA requirements
On-axis 8o x150yx1.35%
After 200ms (4 damping time) Off'aXIS 13 Or X 15 Oy x 1.35%
Off-axis injection from collider ring to booster On-axis injection from booster to collider ring
s 2200202020 ' 261.200m
2.4m
0.070mA
0.068+0.002mA 0.068SmA  _—@—_ 0 eeeeemeec e TS e e e e e e
261.189m

0.002mA

242 bunches

Booster
120GeV
1+=0.002mA

0.068mA

0.068mA

242 bunches

ama i Collider
120GeV
1:=0.068mA

0.002mA

0.068mA

0.068mA

Step 1

242 bunches |
Booster
120GeV

-7 bunches
. Collider
| 1,0.068mA

Step 2

0.068mA

0.070mA

0.068mA

0.068mA

3002ma L Collider

0.002mA

242-7 bunches

Booster
120GeV

242 bunches

120GeV
1:=0.07mA
0.002mA

booster

0.070mA

Step 3

* Circumference is same
Trajectory difference is 0.011m
* 0.037ns in time
* 17 degree RF phase shift in the

Several circulating bunches from Collider are extracted to the Booster. The Booster circulating bunches are
then merged with the injected bunches from Collider. Then, the merged bunches in the Booster are injected
back into collider ring by vertical on-axis injection. The procedure will be repeated several times so that all
the circulating bunches in the Booster can be accumulated into the Collider. The beamloading effect in
the Booster RF system is weak. The maximum cavity voltage drop i1s 0.48% and the
maximum phase shift is 0.63 degree. The peak HOM power per RF cavity is 62W.
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The on-axis injection

Even with the conditions:

Horizontal offset 9% sigma X

Vertical offset 50 % sigma_Y
Intensity difference 3%

Different codes agree well
There is no flip-flop instability

Collision is stable
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Beam performance of CEPC collider ring

Dynamic aperture optimization
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Beam performance of CEPC collider ring

Crab waist=100%

Dynamic aperture Optlmlzatlon Wlth errors @ Higgs

1 T T C '|;;;;:s;l""l""l""_
[ ] E AR ] ]
SAD is used KEK ‘ E Tl il it i E
¥is - s . ks -
145 turns tracked 2%: ”H“ ; £t .
nm:_ ] gwo:— § : ; E § -
100 samples ”“l HH= E SR f
5:— . _- 53 i ! H .
IR sextupoles + 32 arc sextupoles 2 MR TN R l.,“ 5 R TUUN UU DU TN L X 10000
. -0.02 -0.016 0.0 -0.006 eOta 0.006 001 0016 0. -0.02 -0.0156 -0.01 -0.006 deona 0.006 0.01 0015 0.02
(Max. free various=254) " 100.. X 17 0. &0.014
: X y
Damping at each element Component Ax (mm) | Ay (mm) | Az (mm) | AO, (mrad) | AO, (mrad) | A®, (mrad) | Field error
RF ON Dipole 0.10 0.10 0.10 0.1 0.1 0.1 0.01%
.. . Arc Quadrupole 0.10 0.10 0.10 0.1 0.1 0.1 0.02%
Radiation fluctuation ON FF Quadrupole | 0.03 0.03 | 0.03 0.03 0.03 0.03
Sawtooth on with tapering Sextupole 0.10 0.10 0.10 0.1 0.1 0.1
: Dipole Quadrupole(Without FF) Sextupole
OrIli;iis ]é)A requlremenots B,/B<4 X 10 B./B,<4 X 10** B/B.<20X 10 RMS
- o x1505x1.35% 4 4 32 ,
Off-axis | 13cx x150%1.35% B,/B=0.8 10 B,/B ;<4 X 10 B,/B,<3 X 10 R=12mm
: By/B<0.2X 104 By/B,<2 X 104 B/B,<20X 10
B, (n>5)/B<0.8 X 10 B,(n>5)/B,<1 X 10 B,(n>5)/B,<10 X 10+

RMS close orbit distortions are smaller than 30 um and 50 um in horizontal and vertical plane. Beta beatings < 1% , Coupling < 0.2%




Beam performance of CEPC collider ring

The impedance and instabilities

8

Components Number Z/n, mQ kioss0 V/PC Ky, kV/pC/m g %
Resistive wall ; 6.2 363.7 11.3 %6 ’ g
RF cavities 240 -1.0 225.2 0.3 5 | &
Flanges 20000 2.8 19.8 28 2 * g
BPMs 1450 0.12 13.1 0.3 = , o | ) &
Bellows 12000 2.2 65.8 2.9 e Bllzch S [ZnOC] 30
Pumping ports 5000 0.02 0.4 0.6 1.00E+13
IP chambers 2 0.02 6.7 1.3 _ HooErE2 |
Electro-separators 22 0.2 41.2 0.2 % Looera YT H
Taper transitions 164 0.8 50.9 0.5 g wooerio S
Total 114 786.8 20.2 1.00E+09
1.00€+08

[o] 5 10 15 20 25 30 35 40 45 50 55
Bunch Spacing(ns)

At the design bunch intensity, the bunch length will increase 22% and 113% for H and Z
respectively. Bunch spacing >25ns will be needed to eliminate the electron cloud instability.
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Beam performance of CEPC collider ring

Beambeam effect

Dynamic aperture requirements

Beam lifetime
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Booster ring
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The diameter of the inner aperture of the vacuum chamber is chosen to be 40 mm from
considerations of impedance to improve the threshold of bunch current.

X /Y tune

Standard FODO cells are chosen for the booster lattice with 90 degrees phase advance
of each cell in the horizontal and vertical planes.

Sextupole coils are considered on the outside of vacuum chamber to compensate the
effect of eddy current.



CEPC injection chain

Booster ring

Main parameters of CEPC booster at injection energy Main parameters of CEPC booster at extraction energy

# | w | z H w z
Feam ener GraV/ 10 Off axis | Onaxis | Offaxis | Off axis
h gg | | injection |injection| injection | injection
Bunch number 242 1524 6000 Beam energy Gev 120 80 455
Threshold of single bunch current % 257 Eunch murmber 47 23947 | 1574 =000
Threshold of beam current o s 100 Maxgimum bunch charge ne 072 24.0 0.58 041
(limnited by coupled bunch instability) - -
Maxirmum single bunch current [TeN 2.1 70 1.7 1.2
Bunch charge nc 078 0.63 045
- Threshold of single bunch current [Tey 300
Single bunch current L&y 2.3 1.8 13
Threshold of beamn current
Bearn current trid 0.57 2.86 7.51 {limited by RF power) ma 1.0 4.0 10.0
Energy spread %o Dooys Bearm current TTd 052 10 253 5.91
Synchrotronradiation lossturn eV 73.5 Injection duration for top-up (Bothbeams) | s 25.8 354 458 2752
Momentum compaction factor 1073 244 Injection interval for top-up 5 47.0 153.0 504.0
Emittance i 0.025 Current decay during mnjection interval 3%
Watural chromaticity BV -338/-333 Energy spread %% 0.094 0.062 0.036
RF Voltage IV G527 Bynchrotronradiation lossftum GeV 152 0.3 0.032
1 -5
Betatron tune wd yd u 263.2/261.2/0.1 Mormentum compaction facter 10 244
Emittance nm 3.57 IEEE 051
0,
RE en%ergy.acceptance /o Lo Natural chromaticity HV -336/-333
Dampingtime 5 207 Betatron tune w/1 263.2/261.2
Bunch length ofln.lac beamn mm 1.0 RF voltage v 197 0585 0287
0
Energy spread of linac beam i 0.16 Longitudinal tune 0.13 010 010
Emittance of linacbeamn nm 40~120 RF energy acceptance v o s 13
. Darnping titne s 52 177 263
Injection duration from empty ring h 0.17 0.25 2.2




CEPC injection chain

Linac

EBTL

Electron By-pass Transport Line

SRR R L AW AR LK KA KK AR C KRR KARARRRE
@ T T . .
213) KIy;:élS Accel. Stru. 3K|ysl.);]::e:tm. 1.1GeV =@ KNS,SZSAcceLsm 29 (4) ::Z:S Accel. Stru. 1200]11
Parameter Symbol Unit Designed
e /e’ beam energy E,/E,, GeV 10
* The total .beam transf.er. eft.iciency. from Repetition rate fon y 100
tran§fer .hne' to the injection point of | NN > 04X10° / 04X 10°
collider ring is greater than 90%. e /e” bunch population v 15
* The transfer efficiency can be made much |Energy spread (e /e*) o, <2X103 / <2X10?
higher with a damping ring of energy |Emittance (e /e*) e, nm- rad <120
1.1GeV while the beam emittance of |Bunch length (e /e*) o, mm 1/1
Linac can be reduced to 40 nm. ¢ beam energy on Target GeV 4
e bunch charge on Target nC 10




The engineering progress of prOJecT

New parameters of CEPC collider ring

Higgs 4 Z (3T) |z @21)
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/turn (GeV) 1.68 0.33 | 0.035
Crossing angle at IP (mrad) 16.5X2
Bunch number (bunch spacing) 218 (0.76us) 1568 (0.20us) | 12000 (25ns+10%gap) |
Beam current (mA) 17.8 90.4 461.0 -
Synchrotron radiation power/beam (MW) 30 30 16.5
B function at IP £_*/ £ * (m) 0.33/0.001 0.33/0.001 0.2/0.001
Emittance /&, (nm) 0.89/0.0018 0.395/0.0012 0.13/0.003 | 0.13/0.00115
Beam size at IP o, /o, (um) 17.1/0.042 11.4/0.035 5.1/0.054 5.1/0.034
RF voltage V. (GV) 2.4 0.43 0.082
RF frequency f » (MHz) /harmonics 650/216816
Natural bunch length o, (mm) 2.2 2.98 2.42
Bunch length o, (mm) 3.93 5.9 8.5
Beamstruhlung lifetime/quantum lifetime (min) 30/50 >400
Lifetime (hour) 0.22 1.2 3.2 2.0
Luminosity/IP L (103*cm2s™) 5.2 14.5 23.6 37.7

Smaller emittance and By*

ANENENEN

Reduction of quadrupoles radiation: longer QD0, QF1 and ARC quadrupoles
Reduction of DA requirement: larger Bx at injection point.
Maximization of bending filling factor to reduce SR loss.

Collar,outer radius 34mm

Beam pipe, inner radius 10mm

outer radius 13mm Quadrupole coil, inner radius

24mm.outer radius 29.5mm

Tron yoke, outer radius S5mm

Helium vessel, inner radius 17mm

Corrector coil, outer radius 23mm




The engineering progress of project

|

Forward tracking
detector

Sili .
[ Yoke ] [ Solenoid ] [Detector] Vertex detector [ llt(r:a(l)::lklenrner] [

chamber

Time projection J

[ IP ] [ SC magnets ] [Support system]

absorber

| 1P I Be-Cu IP Remote vacuum HOM | Lumical I
chamber connector

Vacuum tube for QF1
|ﬂ
=
k=1

‘wgl g s __?_ﬁ/ :77,, . | |
j SRS The installation design nearby the 1P

4429.4

5919.19




The engineering progress of project

Procedure

— Support and fixing.
— Alignment.
— The detailed design 1s ongoing.



The engineering progress of project

* Move the SC magnet to working location. Connect the flanges using RVC. Alignment.
* Requirements: accuracy: <(30 um), leak rate <2e-10 Torr.L/s
* Alternative design for remote vacuum connection is also under consideration.

Supporting system nearby the 1P



The engineering progress of project

SRF Challenges
H w z
Collider Ring 650 MHz 2-cell cavity High energy, low current: high gradient, high Q,
Lumi. / IP (1034 Cl’l’l'zs'l) 2.93 10.1 16.6/32.1 more Cellsj narrow bandW1dth
. . 1 :
EF voltage (G\ZA 172417 > 274; 4?60 Low energy, high current: HOM power (less
eam current A X . ..
m (mA) cells), parasitic loss, HOM CBI, FM CBI (low
Cavity number 240 108 x 2 60x 2 1t 1 detuni
SR power (MW) 30 30 16.5 voltage, large detuning)
2 K cavity wall loss (kW) 6.1 1.3 0.1 Large ring: gap transient, dense beam spectrum
Booster Ring (extraction) 1.3 GHz 9-cell cavity Special issues with CEPC: parking cavities for W
RF voltage (GV) 1.97 0.585 0.287 and Z, gap transient for Higgs half-fill, transient
Beam current (mA) 0.52 2.63 6.91 beam loading of bunch swapping for on-axis
Cavity number 96 64 32 ln] ection
RF input power (MW) . )
avg. 0.07 0.02 0.02 Booster cavity voltage ramp: narrow bandwidth
2 K wall loss (kW) avg. 0.17 0.01 0.02
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SRF Status

Injection energy 10GeV

Linac

RF Section A @ IP2/ LLS2 (length 1948.6 m)  ["ner Ring Tnner Ring
3Tm B0m 1346 m BOm 3Tm
[Emm————] oon | % | e [Emmeem] ST ome men
790 m [ 368.6 m | COLUIDER POWER SOURCE GALLERY

566 m 4083 m

30 MW Higgs:

Collider: 240 650 MHz 2-cell cavities in 40 cryomodules (6 cav./ module).
Booster: 96 1.3 GHz 9-cell cavities in 12 cryomodules (8 cav. / module).
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SRF Status
PAPS-SRF infrastructure

* SRF facility construction

G — Cuvil construction will be finished by end of April, 2019
L; - — Clean-room and cryogenic system will be ready by the end
of 2019
wouze — Some components are ready for shipment, e.g. furnace,
. cryomodule for horizontal test, Nb-Cu sputtering system,
B
;ﬁ‘! !121 min =5
::-I.._-., lilll;lg | E‘mmn il
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SRF Status
* CEPC CDR SRF parameters and layout have been established in view of high Higgs priority

* Beam cavity interaction issues (FM and HOM CBI, parking cavities, RF transients of bunch
gap and swapping, HOM power) are challenging but manageable, especially for Z-pole.

* SRF key components design and R&D launched, with support of PAPS SRF facility. SRF
industrialization will be synergy with SHINE and ADANES etc. in China (~ 1000 cavities in

next five years).

CEPC 650 MHz 2-cell cavity
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SRF Status

CEPC 650 MHz 2-cell cavity by OTIC CEPC 650 MHz 2-cell cavity by HERT

* Qof 1# + Qof 24
% » Radiation of 1# = Radiation of 2# Radiation(uSv/h) f 650MH 2 C 11 .
1OEHI1 : ~ 10000 _
B bl CEPC spec Q o z o CaYlty’
A S ek A w/ BCP but w/o N-doping,
A L‘ .='. .
Multipacting * “:“ ~ reached 32E10@ 22 MV/m,
Eaiia <~ CEPClongterg = e

epereion——u close to CEPC specification.

Z L I 10

| - |

I - |

- et L
=

0.1

Vertical test of 650 MHz

1.0E+08 | - - I 001 2-cell cavity
0 5 10 15 20 25 30

Eace (MV/M)
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High efficiency klystron

Wall to PSM power supply/modulator | 95%
Modulator to klystron 96%
Klystron to waveguide 70%
Waveguide to coupler 95%
Coupler to cavity ~100%
Cavity to beam ~100%
Overall efficiency ~60.6%
* High efficiency of RF power sources is considered as a g
<

high priority issue.

* The manufacture of the first tube will be completed this
year in China and 3 schemes for the high efficiency
design are on going.
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High efficiency klystron

o

Dec. 29, 2018 Jan. 10, 2019

i

Jan. 28, 2019 Mar. 3, 2019 Mar. 27, 2019 Apr. 12, 2019

@ 15t prototype tube
Mechanical design and manufacture
Plant and infrastructure preparation

@ High efficiency design
2"d prototype optimization Multi-beam klystron consideration
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High efficiency klystron

Cavities components Klystron output window
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CCT dipole for the booster ring

Because the remnant field of the iron cores is the key element that destroys the
field quality at low field case. The dipole magnet of booster ring with canted
cosO coils (CCT) was designed without iron.
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Linac alternative
e 10 GeV=220 GeV

— Reduce the difficulty of the Booster design

— Reduce the technical risk of low magnetic field magnets of the Booster

* S-band+C-band RF system

LINAC-3

— C-band start energy: 4GeV /
Gun BS
LINAC-1

(3nC/10nC)f AGeV
50MeV (3nC/10nC)"  200MeV (3nC) 1 qGev AGeV (3nC/3nC) 10GeV

LINAC-2

—

Baseline: S-band: 4GeV = 10GeV
Alternative: C-band: 4GeV - 20GeV
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SPPC main parameters

Parameter Unit Value

PreCDR CDR  Ultimate
Circumference km 54.4 100 100
C.M. energy TeV 70.6 15 125-150
Dipole field T 20 12 20-24
Injection energy liel 2.1 2.0 4.2
Number of IPs 2 2 2
Nominal luminosity per IP enls 5 1.2e35 1.0e35 -
Beta function at collision m 0.75 0.75 -
Circulating beam current A 1.0 0.7 -
Bunch separation ns 25 25 -
Bunch population 2.0ell 1.5el1 -
SR power per beam MW 2.1 i L | -

SR heat load per aperture @arc W/m 45 13 -
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Estimation of SPPC Dynamics Aperture

oy 14 oy 12
y L]
12 . 1 o B
L] ™ =
10 ”
8
]
6
L
] L]
4
4
2
2
0 . oX 2 G oX
0 2z 4 6 8 10 12 0 1 2 3 4 5 6 7 8 9 10
DA result at injection energy DA result at collision energy
considering sextupole and dipole error considering sextupole and dipole error
Qx =119.28, Qy=118.31 Qx =121.28, Qy=118.31
Normalized rms transverse emittance: 2.4 pm Normalized rms transverse emittance: 2.4 pm
Proton energy: 2.1 TeV Proton energy: 37.5 TeV

Track 1000 turns Track 1000 turns



The engineering progress of project

SPPC 12T Fe-based Magnets

C. Wang, E. Kong (USTC), Q. Xu et al.

= gjb = Ll Yoke OD
243 mm 500
PP T e I mm
EEEE d . EEE - T
BEeE oo = e
| E5 [/ | r2gmey | R
HEiE o ‘\’ ) EEZ 180
& \ R=15mm | 648mm W hue
AN /) "
[—" N - TA48
| B Pi==| = e
= A 117
g
= = B
1016 = | s— IRDNBASElDZ ;:;:
Smn) PN — Vo
IRONBASED1 IRONBASEDS | ;]: Training History
B -
41.8 mm 0.791
- » -
ROXIE o - == S R
IRONBASEDIL: IRONBASEDZ: IRONBASED3: = ¥ (8 - -
BT TR " 10.2 T @ 4.2 K dipole field
‘\ Table 1: Main parameters of the cables ’ : = g .
Cable  Hight  Widthi  Widtho  Ns Srr) | Foes | [ Em 9 - : j in two apertures
E‘\r_v NN (Performance limited by NbTi coils)
— i E IRONBASED2 5.6 15 15 14 IRON-BASED  FE-BASED 015
= et i ’ N
I=E RONBASEDS 5 15 15 12 RON-BASED FEBASED 015 = C. Wang et al, IEEE TAS, i
£ ol 2: Mol parmetrs e scend -‘ DOL10.1109/TASC. 20192002983 2 Mo
ISR i "\ 8
- e Strand | dian. cu/sc RRR Tref Bref | Jc@ BrTr  dJc/dB 9 & % & @ W a9 w98 | 2 =
— : i Quench Number
g [ON-RSED) 6.3 ! w0 L2 10 000 i / 4 Coil1  Coil 2 Coil 3 Coil 5 Coil 6
= N

For per meter of such magnet, the required length of the iron-
based strand: 6.08 Km

ROXIE1:
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General Civil Layout I A

| =
e f 1 1 ﬂ A

1SS2 1.2

Okm

©3.32km

SEBH (p=6m) e

Access shaft ( p=6m) ?&ic.e%?\mnel
IS
/ Collider tunnell

| EFIEEH (zﬂﬁm)
Transport shaft for main cavern (p=16m)

RTEHEH (%=9m)
Transport shaft for service cavern (p=9m )

BT (80mx18mx18m)
Service cavern (80m*18m*18m )

EERE
Booster bypass tunnel

SHREEEH (p=Tm)
Booster bypass tunnel ( =7m )

RAELR (0m/%)
Concrete wall ( 10m thick )

1.20km - Ehetua

EfT (40mx30mx30m)
Main cavern (40m*30m*30m )

CEPC Tunnel

IS (RHEX)

= collider tunnel (IR )

ET3m S+ DEH
access shaft for service cavern transport shaft for main cavern

7 RIS
> shaft for booster bypass tunnel
short auyiliary tunnel = T
transport shaft for service cavern
X3Z R -
access tunnel for IR =F
Sae main cavern
IEREES RN
booster bypass tunnel

10.2km

i B
service cavern concrete wall

EERIE
short auxiliary tunnel



Summary

CEPC Accelerator CDR has been completed (formally released on Sept 2,
2018) with all systems reaching the design goals.

The work on CEPC TDR 1s now 1n progress at IHEP.
AP & technology challenges, are the main contents of CEPC TDR.

Technological systems, both of CEPC and mainly HTS magnet of SppC,
are gradually developed, with the support from industry in China.

A lot of work ahead, for both CEPC & SppC, and more budget and
collaborations on R&D are expected.
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