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Physics goals of CEPC-SppC

*Electron-positron collider(90, 250 GeV)

« Higgs Factory (10 Higgs) :
« Precision study of Higgs(my, J°¢, couplings), Similar &
complementary to ILC
 Looking for hints of new physics

« Z & W factory (1010 Z9)

e precision test of SM
 Rare decays ?

« Flavor factory: b, ¢, T and QCD studies

* Proton-proton collider(~100 TeV)
* Directly search for new physics beyond SM

 Precision test of SM
* e.g., h® & h%couplings

Precision measurement + searches:
Complementary with each other !



CEPC Design —Higgs Parameters

Particles e+, e-

Center of mass energy 2*%120 GeV
Luminosity (peak) >2*10734/cm”2s
No. of IPs 2

CEPC Design — Z-pole Parameters

Particles e+, e-

Center of mass energy 2*45.5 GeV

Integrated luminosity (peak) >10734/cm”2s

No. of IPs 2

Polarization to be considered in the second

round of design



CEPC-SPPC Timeline (preliminary and ideal)
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CEPC Funding
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CEPC four options towards CDR

CEPC Partial Double 1}}Ri'gg Layout
>

1/2RF

IP1_ee/IP3_ee, 3Km
IP2_pp/IP4_pp, 1132.8m
4Straights, 849.6m
4Long ARC, 120*FODO, 5852.8m 112RF i 1/2RF SU Feng

4Short ARC, 100*FODO,4908.8m 2015.10.12

Since May 2015

Since Oct 2012
CEPC Advanced Partial Double Ring Option Il

(Dec. 15,2016, SuFeng)
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Machine option luminosity potentials

Machine CEPC CEPC CEPC CEPC
Single PDR APDR FPDR

CDR Altefnative CDR Baseline

N . Nl . NI '2'1
- Lcm “s
1032 1033 1034 1035

Luminosity 1.6*10"32 ~5¥10"33 (?) 27°"10734




CEPC Luminosity vs circumference
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* Fabiola Gianotti, Future Circular ColliderDesign Study, ICFA meeting, J-PARC, 25-2-2016.



Framework for the CEPC Conceptual Design Report
(20174E18148)

1) The baseline CEPC accelerator is a 100km Double Ring configuration of the circumference
of 100km with shared SCRF single beam line for electron and positron (this scheme is refered
as Hybrid Double Ring or Fully Partial Double Ring design)

2) The booster has the same circumference as main collider ring in the same tunnel with
injection energy of 10GeV

3) The injection lianc exit energy for electron and positron is 10GeV

4) There are two IPs

5) The full crossing angle is 30mrad with L*=1.5m (changed to 2.2m now)

6) The SRF acelerator system for Higgs and Z-pole operator are independent from each other

7) The CEPC baseline design is to reach the luminosity higher than 2*10"34/cm”2s at Higgs
energy with ~30MW synchrotron radiation power per beam and the luminosity high than
10734/cm”2s for Z-pole energy

6) The Advanced Partial Double Ring Scheme with 8 partial double ring regions is defined as
CEPC Alternative Scheme with the aim of reducing the construction cost and the efforts to
study the posible solution to the sawtooth and beamloading effetcts

7) SppC is located the in same tunnel as CEPC simultaneously, with two IPs, and CEPC and
SppC could be operated a the same time in principle.
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CEPC two shcemes towards CDR

(Dec. 15,2016, SuFeng)
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CEPC Baseline Design

Better performance for Higgs and Z
compared with alternative scheme,

CEPC Advanced Partial Double Ring Option II
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APDE, 1436m

RF Statiom, 188.8m
ARCI, #41.6m

ARCI, 490287m

without bottle neck problems, but with

higher cost
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CEPC Alternative Design

Lower cost and reaching the
fundamental requirement for

Higgs and Z luminosities, under the
condition that sawtooth and beam
loading effects be solved



http://cepc.ihep.ac.cn

IHEP-CEPC-DR-2015-01

IHEP-AC-2015-01

CEPC-SPPC

Preliminary Conceplual Design Report

Volume Il - Accelerator

The CEPC-SPPC Study Group
March 2015

CEPC CDR will be completed at the end of 2017
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CEPC Accelerator Chain ,—

Energy Ramp

10 GeV Electron 0 ->45/120GeV

Injector |

Positron

800

700
600 /N

~ 500 \
Three rings in the sane channel; = = \\
> CEPC & booster 122_/ =
> SppC 00,00 200 400 600 800 1000 12.00

t(s)
Booster Cycle (0.1 Hz)

Double Ring

Common cavities for Higgs

Two RF sections in total

Two RF stations per RF section M aln R| N g

14 modules per RF station

28 modules per RF section

56 modules in total

Six 2-cell cavities per module

One Klystron for two cavities 45/120 GeV
C=100km




Parameters for CEPC double ring
(20170306-100km_2mmpy, D. Wang)

Pre-CDR tt Higgs W Z
Number of IPs 2 2 2 2 2
Energy (GeV) 120 175 120 80 45.5
Circumference (km) 54 100 100 100 100
SR loss/turn (GeV) 3.1 7.55 1.67 0.33 0.034
Half crossing angle (mrad) 0 16.5 16.5 16.5 16.5
Piwinski angle 0 1.6 3.19 5.69 4.29
N./bunch (10%1) 3.79 1.41 0.968 0.365 0.455
Bunch number 50 98 644 (412) 5534 21300
Beam current (mA) 16.6 6.64 29.97 (19.2) 97.1 465.8
SR power /beam (MW) 51.7 50 50 (32) 32 16.1
Bending radius (km) 6.1 11 11 11 11
Momentum compaction (10-°) 3.4 1.3 1.14 1.14 4.49
B Xy (M) 0.8/0.0012 0.2/0.002 0.171/0.002 0.171/0.002 0.16/0.002
Emittance x/y (hm) 6.12/0.018 3.19/0.0097 1.31/0.004 0.57/0.0017 1.48/0.0078
Transverse o (UM) 69.97/0.15 25.3/0.14 15.0/0.089 9.9/0.059 15.4/0.125
EIE]IP 0.118/0.083 0.016/0.055 0.013/0.083 0.0055/0.062 0.008/0.054
RF Phase (degree) 153.0 122.2 128 126.9 165.3
Ve (GV) 6.87 8.92 2.1 0.41 0.14
f oe (MHZ) (harmonic) 650 650 650 650 (217800) 650 (217800)
Nature o, (mm) 2.14 2.62 2.72 3.37 3.97
Total o, (mm) 2.65 2.7 2.9 3.4 4.0
HOM power/cavity (kw) 3.6 (5cell) 0.53(5cell) 0.64(2cell) (0.41) 0.36(2cell) 1.99(2cell)
Energy spread (%) 0.13 0.14 0.098 0.065 0.037
Energy acceptance (%) 2 2 15
Energy acceptance by RF (%) 6 2.6 2.1 1.1 1.1
n, 0.23 0.23 0.26 0.15 0.12
Life time due to 47 50 52
beamstrahlung cal (minute)
F (hour glass) 0.68 0.89 0.96 0.98 0.96
L..../IP (10%*cm2s1) 2.04 0.62 3.13 (2.0) 5.15 11.9




Beam-beam simulation-100km (

I-HL)

zhangy@ihep.ac.cn

161202-100km-2mm-h-highlum, (0.51,0.55,0.037)
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CEPC parameters toward CDR

Higgs Z-low lum. Z-high lum.
Number of IPs 2 2 2
Energy (GeV) 120 45.5 45.5
Circumference (km) 100 100 100
SR loss/turn (GeV) 1.61 0.033 0.033
Half crossing angle (mrad) 16.5 16.5 16.5
Piwinski angle 2.28 6.33 6.33
N./bunch (1019) 9.68 2.3 2.3
Bunch number 420 3510 27000
Beam current (mA) 19.5 38.8 298.5
SR power /beam (MW) 31.4 1.3 9.9
Bending radius (km) 11.4 114 114
Momentum compaction (10-) 1.15 1.15 1.15
L X1y (M) 0.36/0.002 0.36/0.002 0.36/0.002
Emittance x/y (hm) 1.18/0.0036 0.17/0.0038 0.17/0.0038
Transverse o, (UM) 20.6/0.085 7.81/0.087 7.81/0.087
EIE]IP 0.025/0.085 0.017/0.053 0.017/0.053
RF Phase (degree) 128 151 151
Ve (GV) 2.03 0.069 0.069
f oe (MHZ) (harmonic) 650 650 (217800) 650 (217800)
Nature o, (mm) 2.75 2.92 2.92
Total o, (mm) 2.85 3.0 3.0
HOM power/cavity (kw) 0.42 (2cell) 0.096 (2cell) 0.74 (2cell) half cavities
Energy spread (%) 0.096 0.036 0.036
Energy acceptance (%) 1.1
Energy acceptance by RF (%) 1.98 1.2 1.2
n, 0.19 0.12 0.12
Life time due to 63
beamstrahlung cal (minute)
F (hour glass) 0.93 0.987 0.987
L..../IP (10%*cm2s1) 2.0 1.0 7.7




Beam Tail (Main Parameter 170825

20 : : . . T 20 T T T T 9x1( 20 i i . ; il
18 | B 118 | B axl( s L | et
s | CW=0 | CW=0.5 M ! Ccw=1 .
14 g 14 g L ]
Ex10 14 X1l
12 11 8 12 + 1 sl S 12r 1
= = X1 5x1(

e+ sw | {1 £ | 1 St .
> > x> ax1
4ot ] Eet — §o :

31
6 L | 6 L | 3L 6 L ]
2x1
4 | i L i x4t 4 L 1
2 r 4 2 L i 1x1( 2+ R 1x1e
O 1 1 O 1 1 1 O O : ! O
0 1 2 3 4 5 6 7 8 9 10
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 3 10
12 n (20 /e 12
(23 fey) (23,/ey)
20 T T Bxi 20 : T T T 1
20 . . . a1
18 1 7x1( 18 1 ax1(
16 | ] 18 1 axit
6l 16 7 7x1(

e- = i » 16 r ] X1
212 | SxL( o 6x1( 4 - 1 et
= 12+ B RTINS 4
S0 | 1 FRTO- sk Sx1c
Ea ©10 1 @10 1
& i 1 = g 4¢1C

. 3L a3l | 4x1( el |
4 2v1( 6 L = ] 3Ll 6 L ] 3x1L
L — | ] 2x1¢
2 | ] X1t 4} J 2x1¢ 4
s L J 1x1C
0 0 2t ] 1x1e
0 L 0
o 1 2 3 4 5 6 7 8 9 10 0 ) ! n L 0
1 o 1 2 3 4 5 6 7 8 3 10
AL o 1 2 3 4 5 6 7 8 9 10

(2y/ey) 2
(23 ley) 2



CEPC Main Ring SRF Parameters

Zhgi Jiyuan 20170706. 100 km, H shared cavities. H 7 Z_HL
Main Ring parameter: Wang Dou 20170607 & 20170306

Luminosity / IP [10%* cm™s™] 2 1 12
SR power / beam [MW)] 32 1.9 16
RF frequency [MHZz] 650 650 650
RF voltage [GV] 2.1 0.049 0.14
Beam current / beam [mA] 19.2 54 466
Bunch charge [nC] 15.5 3.5 7.3
Bunch length [mm] 2.9 4.0 4.0
Cell number / cavity 2 2 2
Cavity number in use 336 24 96
Gradient [MV/m] 13.6 8.9 6.3
Input power / cavity [KW] 190 158 335
Cavity number / klystron 2 2 2
Klystron power [kW] 800 800 800
Klystron number 168 12 48
HOM power / cavity [kW] 0.4 0.1 1.8
Cavity number / cryomodule 6 6 6
Cryomodule number 56 4 16
Qo at operating gradient 1E+10 1E+10 1E+10
Total wall loss @ 4.5 K eq. [kW] 22 0.7 14
Optimal Q. 9.6E+05 4.9E+05 1.2E+05




Parameter table vs lattice parameters

| Hges |z

Estimate Real Estimate Real

lattice lattice

Emittance (nm) 1.31 1.31 1.48 1.52

a, (107) 1.14 1.16 4.49 4.42
U0 (MeV) 1670 1708 34 35

Energy spread (%) 0.098 0.099 0.037 0.038

G, (MmM) 2.9 2.92 4.0 3.99

Difference between parameter design and real lattice: < 3%



The geometry of

CEPC Double Ring Baseline Y.W. Wang

» With new parameter list (20170306-100km_2mmQpy)

« With new IR parameters L*=2.2m, 6c=33mrad, GQD0=150T/m
 to lower the requirements of anti-solenoid and QDO field
 Bsol=6.6T, BQDO0=3.3T which are realizable

« Compatible lattices for H, W and Z modes
* [(* emittance

« common cavities for H, W and Z modes, bunches filled in full ring for
W&Z modes

CEPC is
compatible for
the SPPC. - .
Inner Ring Inner Ring
2.2 km
\ Outer Ring _ W & Z Mode B Outer Ring
Iﬁner Ring Inner Rif:’:“:
1.25
-

2.0 km



CEPC W and Z bunch distributions

C.H. Yu
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Lattice design for interaction region_ Y.w. wang

» Provide local chromaticity correction

 L*=2.2m, 6c=33mrad, GQD0=150T/m

* Reverse bending direction of last bends to avoid synchrotron radiation hitting IP
* IR of IP upstream: Ec < 100 keV within 400m, last bend Ec < 60 keV

* IR of IP downstream: Ec < 300 keV within 250m, last bend Ec < 120 keV
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Lattice design for ARC region

* FODO cell, 90°/90°, non-interleaved sextupole scheme
» period N=5cells

« all 3rd and 4th resonance driving terms (RDT) due to sextupoles cancelled,
except small 4Qx, 2Qx+2Qy, 4Qy, 20Qx-2Qy

* tune shift dQ(Jx, Jy) is very small
« DA on momentum: large
« Chromaticity dQ(8) need to be corrected with many families
* DA off momentum: with many families to correct dQ(d) and —I break

Y.W. Wang
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FODO cell for cryo-module ., wang

« 336/ 6/ 2RF stations / 2 sections / 2= 7 cells in each section
 get a smallest average beta function to reduce the multi-bunch
Instability caused by RF cavities
* 90/90 degree phase advance

 as short as possible distance between guadrupoles, but should be
larger than a module length (12m)

V. VB, (vim)

-----

UUUUUU

cryo-module quadrupole

90/90 deg

Half cell: 14m+2m
Bmax: 53.8 m
Bmin: 9.5 m



Lattice design of RF region

Common RF cavities for e- and e+ ring

(Higgs) Y.W. Wang

An electrostatic separator combined with a dipole magnet to avoid bending

of incoming beam (ref: Oide, ICHEP16)

RF region divided into two sections for bypassing half numbers of

cavities in Z mode

Deviation of outgoing beam is Ax=1.0 m for bypassing the cryo-modules
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Lattice design for whole ring Y.W. Wang

« A lattice fulfilling requirements of the parameters list,
geometry, photon background and key hardware
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Natural chromaticity vs. Bx* o
Yiwel Wang

Significant 3 order horizontal chromaticity found in interaction region when
Bx*<0.3m

— Necessary to make dedicated high order chromaticity correction on horizontal
plane

— Itsw

With a,

arger resent’0.171m) directly.
-..B8X*=0.3m, By*=0.002m

dQ
dQ
I

02z

dQ
daQ

000000

L*=2.2 m, G1=150 T/m, G2:1OOT/m2éj2=O.5m

With TELE
only



DA optimized with fluctuation

Yuan Zhang, Yiwei Wang et
al.

Bx*=0.171m, By*=0.002m Bx*=0.37m, By*=0.002m
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DA, HW/Z(bx=0.37, 170724
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Optimize DA with Crab Waist
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DA optimization

: Yuan Zhang
 Variables: 59

* IR sextupoles, 4 families

* IR octupoles, 13 families

* IR higher order chromaticity knob(Cai), 2 families

* Phase advance between different sections, 8 variables
« Arc sextupoles, 32 families

* Tune: (177.55, 177.61)
W/ damping, fluctuation, sawtooth orbit and tapering



Dynamic Aperture result

Yuan Zhang

* DA requirements:
* Energy acceptance 1.2%

« For on momentum particle 156X x 30cy
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Z lattice Y.W. Wang

« Z lattice should be compatible with the H lattice
« Layout of the magnets should be kept except the RF
region

« Keep the geometry of H lattice by keeping all the
bends

« Fulfill the parameters of Z by re-matching the strength
of other magnets

« ARC region: Two FODO cells combined into one
FODO cell in Z mode

 RF region: half numbers of cavities in H mode
bypassed in Z mode

* Interaction region: matching section re-matched



ARC region

* FODO cells in H & Z lattice
« Two FODO cells combined into one cell to achieve an
adequate emittance for Z mode
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ARC region

* Dispersion suppressor in H & Z lattice

« Quadrupoles in H dispersion suppressor combined
with two FODO cells re-matched for Z dispersion
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RF region

Inner Ring Inner Ring
Quter Ring W & 7 Mode Quter Ring
T
* RF regionin H & Z lattice

 half numbers of cavities in H mode bypassed in Z mode
« fulfill the RF requirement and allow bunches filled in whole ring
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Whole ring

« Whole ring of H & Z lattice

= wf L*=2.2m ex=1.248 nm — =
==k Bx*=0.171mm By*= 2mm |

L*=2.2m ex=1.344 nm
px*= (?.16mm By*=2mm
L




CEPC Advanced Partial Double Ring

RF ARc, 8425m
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For APDR Z-pole
baseline, only
the large
emittance case
can work.

CEPC APDR Main Ring RF Parameters

100 km, APDR, _crossing angle 33 mrad, (baseline) Z(Iarge Z(_Small
2 IPs, 8 RF stations, 8*4km DR. emittance) emittance)
Beam Energy [GeV] 120 455 45.5
Luminosity / IP [10%** cm™2s] 2 1.03 1.03
SR power / beam [MW] 32 2.9 1.8
RF freqeuncy [MHZ] 650 650 650
RF voltage [GV] 21 0.135 0.049
Beam current / beam [mA] 19.2 85.0 53.9
Pulse current/ beam [mA] 119.7 531.0 336.6
Bunch charge [nC] 155 4.80 3.52
Bunch length [mm] 2.9 4 4
Bunches / beam 412 5900 5100
Bunches/ train 103 1475 1275
Bunch spacing in a train [ns] 129.4 9.0 10.5
Train spacing Tg [us] 28.3 28.3 28.3
SR loss / turn [GV] 1.67 0.034 0.034
Syncrotron phase from crest [deg] 37.3 75.4 46.1
Loss factor / cell [V/pC] 0.34 0.27 0.27
Effective length per cavity [m] 0.46 0.46 0.46
R/Q per cavity [Q] 213 213 213
Cell number / cavity 2 2 2
Cavity number / RF station 42 3 2
RF station number 8 8 8
Cavity number (total) 336 24 16




100 km, APDR, prossing angle 33 mrad, H (baseline) Z(Iarge Z(Small
2 IPs, 8 RF stations, 8*4km DR. emittance) emittance)
Acc. Gradient [MV/m] 13.59 12.23 6.66
Cavity voltage [MV] 6.25 5.63 3.06
Input power / cavity [KW] 190 241 229
Cavity per klystron 2 2 2
HOM power / cavity [kW] 0.40 0.22 0.10
Qo at operating gradient 1E+10 1E+10 1E+10
\Wall loss / cavity @ 2 K [W] 19 15 5
Pb/ cavity [MW] 0.75 2.99 1.03
Opt. QL 1.0E+06 6.4E+05 2.0E+05
Opt. detuning [KHZ] 0.25 1.96 1.70
Cavity bandwidth [kHz] 0.7 1.0 3.3
Cavity stored energy [J] 46 38 11
Ng/N 2.1 2.1 2.1
Ng 218 3133 2708
Max relative voltage drop for 4+4 APDR 7.2% 36.0% 41.9%
Max bunch train phase shift for 4+4 APDR [deg] 6.3 8.6 #NUM!




CEPC Booster Layout

T.J. Bian

Electron Ring

/_1—,\\
Positron Ringj




Booster Parameters-1

Parameter List

=
mltjaitlr;g(rai—uhrzrlzontal[ex] m-rad
injected from linac [EUBEED!

emittance-vertical[e,] inequilibriumyuBeEs

IEEERIIgNIEN m-rad
SR loss / turn [UOQ] MeV
ransversedampingtimelt,] ms

Harmonic number [h]
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100
2.99

333.56
2.10E-5
19569.51
2.16E-11
3E-7
0.011E-11
3E-7
0.064407
103.58
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Parameter

Beam energy [E] GeV
ircumference [C] km
Revolution frequency[f,] kHz
Revolution time[f,] mus
Momentum compaction factor[a]
Lorentz factor [g]
emittance-horizontal[e,]
. b m-rad
inequilibrium
IIEECHRIGIRIGEE m-rad

emittance-vertical[e,] inequilibriumnRele

injected from linac EyHEL!
R loss /turn [UOQ] MeV
ransversedampingtime[t,] ms

Harmonic number [h]

Tianjian Bian
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433633



Booster Parameters-2

Table 1 Main parameters for CEPC collider

H W 7z
Energy(GeV) 120 80 45.50
Number of TPs 2 2 2
SR loss/turn(GeV) 1.61 0.32 0.033
N, /bunch(1019) 9.68 3.6 2.3
Bunch number 420 5700 27000
Bunch change(nC) 15.51 5.77 3.69
Beam current(mA) 19.5 98.6 298.5
SR power /beam(MW) 314 31.3 9.9
Emittance x/y(nm-rad) 1.18/0.0036  0.52/0.0017  0.17/0.0038
Life time(h) 1 2 4
Luminosity /IP(103%e¢m—2s1) 2.0 5.6 7.7

Table 2 Timing for CEPC booster

CEPC booster Unit Z W H
Injection times 18 4 1
Revolution frequency Hz 2007.92 2997.92 2997.92
Bunch number 1500 1425 420
Transmission efficiency % 95 95 95
Bunch charge nC 0.17 0.13 0.13
Beam current mA 0. 77 0.55 0.16
Linac repetition rate Hz 100 100 100
Kicker repetition rate Hz 100 100 100
Kicker rise and fall time ns <220 <230 <500
From linac to booster sec 15 14.25 4.20
From booster to collider  pus 333.56 333.56 333.56
Ramp cycling period sec 3 5 10
Dipole field@Qinjection Gs 24.63 24.63 24.63
Dipole field@Qejection S 112.05 197.01 205.52
Total injection time min 10.80 2.07 0.47

Luminosity decay % 4.40 212 0.79




Booster Parameters-3

Timing for CEPC booster@z, total injection time 10.80 min

Booster to collider 0.3 ms Dipole field 112 Gs

Dipole field
25Gs Repeat 18 times

T

Linac to booster(Positron) 15 sec Linac to booster(Electron) 15 sec

| J

e
Cycling period 3 sec

Timing for CEPC booster@W, total injection time 2.57 min

Booster to collider 0.3 ms Dipole field 197Gs
Dipole field
25 Gs Repeat 4 times
L - - -
! )
- | SEE SR

Linac to booster(Positron) 14 sec Linac to booster(Electron) 14 sec

|

Cycling period 5 sec

Timing for CEPC booster@H, total injection time 0.47 min

Booster to collider 0.3 ms Dipole field 296Gs

Dipole field

25Gs Repeat 1 time

- s . .- . .
I—T—J
Linac to booster(Electron) 4.2 sec
r—t
Cycling period 10 sec

\ J
—
Linac to booster(Positron) 4.2 sec

Fig. 2 Timing for CEPC booster

Table 3 Main parameters for CEPC booster@Injection energy

Injection energy 7z W H
Energy(GeV) 10 10 10

Bunch numbers 1500 1425 420

SR loss/turn(GeV) 6.54-1075  6.54.10°  6.54-1075
N¢ /bunch(1019) 0.11 0.080 0.080
Bunch change(nC) 017 0.13 0.13
Bunch length(nm) 15.32 15.32 15.32
Energy spread(%) 7.39.10—% 7.39.10—% 7.39.10—3
Beam current(mA) 0.77 0.55 0.16

SR power /beam(MW) 5.02.1075 3.59.10~% 1.06-10—%
Momentum compaction factor(10—%)  2.56 2.56 2.56
Emittance in x(nm-rad) 0.021 0.021 0.021

RF voltage(GV) 0.11 0.11 0.11

RF frequency(GHz) 1.3 1.3 1.3
Harmonic numbers 433633 433633 433633
Longitudinal fractional tunnel 0.14 0.14 0.14

RF energy acceptance(%) 2.51 2.51 2.51
Damping time(s) 104 104 104

Table 4 Main parameters for CEPC booster@Ejection energy

FEjection energy Z W H
Energy(GeV) 45.50 80 120
Bunch numbers 1500 1425 420
SR loss/turn(GeV) 0.028 0.26 1.36
Ne /bunch(101%) 0.11 0.080 0.080
Bunch change(nC) 0.17 0.13 0.13
Bunch length(mm) 0.96 1.62 2.40
Energy spread(%) 0.034 0.059 0.089
Beam current(mA) 0.77 0.55 0.16
SR power/beam(MW) 0.022 0.15 0.21
Momentum compaction factor(107%)  2.56 2.56 2.56
Emittance in x(nm-rad) 0.43 1.34 3.01
RF voltage(GV) 0.51 1.00 2.00
RF frequency(GHz) 1.3 1.3 1.3
Harmonic number 433633 433633 433633
Longitudinal fractional tune 0.14 0.15 0.15
RF energy acceptance(%) 2.43 2.10 1.29
Damping time(ms) 1099 202 60
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./l 100km CEPC Booster-2

T.J. Bian

Geometry terms are minimized.

Chromaticity can be cancelled order by order.

First order beta-beat are cancelled.

Emit : 1.89E-9 m*rad@120GeV

DA x=9.55sigma@0%, 8.3@0.5%, 4.6@1%
DA y=9.7sigma@0%, 8.3@0.5%, 6.3@1%

Eax

vV V V V VY VY
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CEPC Booster SRF Parameters

J.Y. Zhai

Zhai Jiyuan 20170410. 10 GeV injection.

Booster parameter: Cui Xiaohao 20170401 H Z-HL
Extraction beam energy [GeV] 120 455
Bunch charge [nC] 0.77 0.3
Beam current [mA] 0.37 0.96
Extraction RF voltage [GV] 2.8 0.4
Extraction bunch length [mm] 4.7 1
Cavity number in use (1.3 GHz TESLA 9-cell) 160 32
Gradient [MV/m] 16.9 12.0
QL 2E+07 2E+07
Cavity bandwidth [Hz] 65 65
Input power per cavity [KW] (remained detuning 10 Hz) 5.8 2.5
SSA power [kW] (one cavity per SSA) 10 10
HOM power per cavity [W] 0.4 1.6
Cryomodule number in use (8 cavities per module) 20 4
Qo @ 2 K at operating gradient (long term) 2E+10 2E+10
Total wall loss @ 4.5 K eq. [kW] (assume CW) 8.4 0.9




Layout of CEPC with pre-booster




A High Energy CEPC Injector Based Wei Lu
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CEPC Linac Injector

C. Meng
Main parameters of CEPC Linac

* Linac design goal

e /e* beam energy

« Simple and reliable
- High availability frep Hz 50100

* Linacis “inexiste_nt” e /et bunch Ne-/Ne+ >6.395><1
for collider Running population - 1o
* Always providing '
beams to meet the [[ZEe) Spread C <2X103
requirement Emittance (e /e*) mm- <0.3
mrad
e beam energy on
Target SEY E
e bunch charge on nC 10

Target




Layout of Linac Injector (I)

C. Meng

First accelerating sect
1.1 GeV

1.1GeV .
Buncherp 27 MV/m :

4acce|.t.ube 11 GeV
‘ Damping
Ring

Electron source &8 Return section 200

Bunching system 200 MeV MeV
Second accelerating

P05|tron source

. 18 Mv/m Solen oid |
Mv/m . solenoid |

section Concentrator
MMMMMMMcapturesecmn
200 MeV
27 MV/m 20 (2) klys. 40 accel. tube 27 MV/m

27 MV/m 42 (4) klys. 84 accel. tube

LTB 10.0 Gey

Third accelerating section 10.0
GeV



Linac Sources

C. Meng
Electron source and bunching system
. ~3.6 nC for electron
* Bunching System ~ 11 nC for positron
« SHB1: 142.8375 MHz [ : Solemaid . - : |
« SHB2: 571.35 MHz __._-
 S-band Buncher (1): 2856.75 MHz | Buncher |
SHB AO
GUN e+ . J1BMV/m
» Pre-accelerating structure
« S-band accelerator (1): 18 MV/m
Solenoid S-Band
) ) n X & X & @ Buncher Solenoid
» Solenoid focusing Gun 1 <4 e E E N
~——~=~~—>>3—SHB 1—SHB 2 Accelerator
Gun :::‘ s P N
’ XX XX XX KX

@S. Pei



10GeV Linac injecor design

« Beam dynamics results

C. Meng
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CEPC Detector (preCDR)

X.C. Lou

Yoke/Muon ILD-like detector with additional
considerations (incomplete list):

o Shorter L* (1.5/2.5m) — constraints
on space for the SI/TPC tracker

o No power-pulsing — lower granularity
of vertex detector and calorimeter

o Limited CM (up to 250 GeV) —
calorimeters of reduced size

o Lower radiation background — vertex
detector closer to IP

Vertex

O

- Similar performance requirements to ILC detectors

Momentum: ¢, <5x10™° Gev* <« recoiled Higgs mass
3

Impact parameter: o, —5@10/(p-sin20) um flavor tagging, BR

- Jet energy: % ~3-4% <« W/Z di-jet mass separation

Sub-detector groups consider design options, identify challenges, plan R&D
20



Preliminary Layout of CEPC IR

S. Ba
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MDI related parameters

MDI parameters old new
L* (m) 1.5 2.2
Crossing angle (mrad) 30 33
Strength of QDO (T/m) 200 150
Strength of detector solenoid (T) 3.5 3.0
Strength of anti-solenoid (T) 13 7.0




Magnetic field of superconducting QF and QD colls

ity |
,'i ‘\“ Rutherford
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1.11m
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Bz (T)

Solenoid compensation

-=Detector solenoid
- Combined Bz
- Anti-Solenoid

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

|B,ds within 0~2.12m. Bz < 500Gauss away from 2.12m

ﬂnti-solenoid divided into pah

according to detector solenoid
field in longitudinal.
Between IP and QDO:

Compensating solenoid divided
into 3 parts;

QDO region: Screening solenoid
S parts;

QF1 region: Screening solenoid 6
parts;

After QF1: Screening solenoid 1

part.

\_ /




IR Beam pipes

Electron and positron beam stay clear (magnet, vacuum chamber)—
important input into the beam pipe shape design , connection from
single pipe to double pipe is realized by flange CF35.

. The central part is Be pipe with the length of 14cm and inner
diameter of 28mm.

Lumical

Z=500mm
R=14.5mm 4

Z=970mm
R=30mm
z=1110mm _
R=141.25mm .,
Z=1900mm
R=240mm.
Z=2450mm

"\ 2=700mm
R=18mm

R=240mm -




SR from QDO in horizontal plane

K In the Gaussian \

Lumic distribution beam,

al particles in 3¢

— occupies 99.7% of
! / C the total amount, 1o
/ occupies 68.7%,

/ / and 2o occupies

/ 95.5%.

QDO

646.3W in
horizontal. The
critical energy of

=3 e
|] |] \_ 1308.3keV. (Slice /

QDO magnet is
s INto 6 pieces)
\:




SR from B, FD in horizontal plane

~ last bending magnet upstream of IP and final doublet




SR power and critical energy of FD in different slices

~ B,=0.36m
3 685.07 178.49 1189.35 384.64
6 646.34 168.4 1308.29 423.10
9 639.19 166.54 1347.94 435.92
12 636.69 165.89 1367.76 442.33
19 R2/ 01 18K 19 1297 EQ 449 74
3 1576.49 34.16 1405.21 171.79
6 1487.36 32.23 1545.74 188.97
9 1470.93 31.87 1592.58 194.69
12 1465.18 31.75 1616.0 197.56

18 1461.08 31.65 1639.42 200.42



The synchrotron radiation in the IR

~ 3,'=0.36m

« Cold vacuum chamber has to be adopted within SC magnet for the
sufficient coils space. The design has been accepted by cryogenic system.

5. 7W

~ opo

« The synchrotron radiation power within QDO is 3.9W along 1.73m, on
QF1 is 5.7W along 1.48m. The region between QDO and QF1 is 90 W
(0.5m) where has special cooling structure.



Beam Induced Backgrounds at CEPC

e*e Pairs
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CEPC Accelerator R&D Progress
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CEPC SRF R&D Plan (2017-2022)

 Two small Test Cryomodules (650 MHz 2 x 2-cell, 1.3 GHz 2 x 9-cell)

* Two full scale Prototype Cryomodules (650 MHz 6 x 2-cell, 1.3 GHz 8 x
9-cell)

« Schedule
« 2017-2018 (key components, IHEP Campus)

* high Q 650 MHz and 1.3 GHz cavities, N-doping + EP

« 650 MHz variable couplers (300 kW) , 1.3 GHz variable couplers (10
kW)

* high power HOM coupler and damper, fast-cool-down and low
magnetic module, reliable tuner

« 2019-2020 (test modules integration, Huairou PAPS)
* Horizontal test 16 MV/m, Q, > 2E10
* beam test 1~10 mA
« 2021-2022 (prototype modules assembly and test, Huairou PAPS)

68



Key Components

650 MHz
2-cell cavity & tuner
5-cell cavity
Q>2E10 @ 20 650 MHz
MV/m variable coupler
300 kwW
HOM coupler
1 kwW
HOM absorber W
5kw cryomodule
<5W @ 2K
1.3 GHz
variable coupler
1.3 GHz TESLA cavity (high Q high gradient 20 kW

study)

69



CEPC Main Ring 650 MHz Cryomodule

Overall length (flange to flange, m) 9.5
Inner diameter of vacuum vessel (m) 1.3
Beamline height from floor (m) 1.5
Overall weight (t) 16
Cryo-system working pressure (mbar) 31
Cryo-system working temperature (K) 2
Cryo-system pressure stability at 2 K (mbar) 0.1
Diameter of 2-phase pipe, mm 114
2 K heat exchange 1
Number of JT valve 1
Number of cavities 6
Number of coupler 6
HOM absorber 2
Number of 200-POST 6




650 MHz Single Cell Cavity Test before N-doping

63(1010 E T T T T T T 15
5x10'° -°.°....i., ________ 414
3 . My s CEPCVemcaJ T'est SpecH 13
ax10°F Bt ,---5-*-. -------------- 12
R {1 _
x10f % 77777777 e 410 g
o S 1° E
Q 2K multipacting . lg =
2x10™ : . — 17 3
. m— [~ CEPC Operation Spec. i . 1% 3
* Fine grain, 130um BCP + 3 [ QF2x10" SR . 1, "
h 750 C annealing + 30um [ @F.TTOMVIm . 15
BCP + 120 C bake 48 h ool e R {2
- 11
- After vertical test, this cavity T ~--;‘-O—--—’ T T T
has received N-doping in B (mT)
. . pea
July and is ready for vertical A L A A A L
. 0 10 20 30 40 50

1 | M 1 L N 1 1 1 L L 1 ' 1 | L 1 | )
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
E (MVim) °

CEPC N-doping studies are undergoing waiting for EP facility tgfe established in 2018



N-do

Successful N-doping in Nb samples.
Cavity N-doping planned after
undoped cavity vertical test.

EP facility neccesary for treatment
after doping.
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Quantity of N increased obviously (blue curve), similar to FNAL result
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Shanghai Coherent Light Facility (SCLF)

» SCLF Is a newly proposed MHz high rep-rate XFEL,
based on an 8 GeV CW SRF linac;

» This facility will be built in a 3.2 km long tunnel (38m
underground) at Zhang-Jiang High Tech Park, across
the SSRF campus in Shanghai;

» This XFEL facility includes 3 undulator lines and ~10
experimental stations in phase one, it can provide the
XFEL radiation in the photon energy range of 0.2 -25
keV.

» The project proposal was recently approved by the
central government in April 2017, and now it is in the
feasibility study phase, aiming at commencing the
tunnel construction in 2018 and being completed In
2024.



CEPC klystron high efficiency design
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IHEP New SRF Facility

Platform of Advanced Photon Source Technology
R&D, Huairou Science Park, Huairou, Beijing
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PAPS project overview

 “Platform of Advanced Photon Source Technology
R&D”, to provide infrastructure for construction of future
project.

» Budget: 500M CNY funded by Beijing Gov.
» Construction: 2017.5-2020.6

» Consist of 7 systems:
» RF system

Cryogenic system

Magnet technology

Beam test

X-ray optics

X-ray detection

X-ray application
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SCRF Lab Layout ( 4500 m?)
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SppC Progresses
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Framework for the SppC Conceptual Design Report

« Baseline design J.Y. Tang
* Tunnel circumference: 100 km
* Dipole magnet field: 12 T, using iron-based HTS technology
« Center of Mass energy: >70 TeV
* Injector chain: 2.1 TeV
» Relatively lower luminosity for the first phase, higher for the second
phase
« Energy upgrading phase
« Dipole magnet field: 20 -24T, iron-based HTS technology
« Center of Mass energy: >125 TeV
* Injector chain: 4.2 TeV (adding a high-energy booster ring in the main
tunnel in the place of the electron ring and booster)
« Development of high-field superconducting magnet technology

 Starting to develop required HTS magnet technology; before applicable
iIron-based HTS wire are available, models by YBCO and LTS wires can
be used for specific studies (magnet structure, coil winding, stress,
guench protection method etc.)
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SPPC main parameters (updated)

Parameter

Circumference

C.M. energy

Dipole field

Injection energy

Number of IPs

Nominal luminosity per IP
Beta function at collision
Circulating beam current
Bunch separation

Bunch population

SR power per beam
SR heat load per aperture @arc

Unit

km
TeV
T
TeV

cm2s1
m
A
ns

MW
W/m

PreCDR
54.4
70.6

20

2.1

2
1.2e35
0.75

1.0

25
2.0ell

2.1
45

Value
CDR
100

75
12
2.1
2
1.0e35
0.75
0.7
25

1.5el1
1.1
13

Ultimate
100
125-150
20-24
4.2
2



SPPC Layout
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SppC lattice design

* Different lattice designs
 Different schemes (100 TeV and 75 TeV @100 km)
 Lattice at injection
« Compatibility between CEPC and SPPC
 Arc cells, Dispersion suppressors, insertions
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Dynamic aperture study

* At collision energy
* At Injection energy
(Sixtrack code)
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Injector chain

(for proton beam)

To SppC

50 Hz 900 m

180 GeV
25 Hz
3500 m
0.5 Hz 2.1 TeV
7200m / 30 s

p-Linac: proton superconducting linac
p-RCS: proton rapid cycling synchrotron lon beams have dedicated
MSS: Medium-Stage Synchrotron 'F'Q”é‘g)("'-'”ac) and RCS (I-
SS: Super Synchrotron




Major parameters for the injector chain

p-Linac

Energy
Average current
Length

RF frequency
Repetition rate
Beam power
p-RCS

Energy
Average current
Circumference
RF frequency
Repetition rate
Beam power

1.2
1.4
~300
325/650
50
1.6

10
0.34
970

36-40

25

3.4

GeV
mA
m
MHz
Hz
MW

GeV
mA
m
MHz
Hz
MW

Energy

Average current
Circumference
RF frequency
Repetition rate
Beam power

SS

Energy

Accum. protons
Circumference
RF frequency
Repetition period
Protons per bunch
Dipole field
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180
20
3500
40
0.5
3.7

2.1
1.0E14
7200
200
30
1.5E11
8.3

__

GeV
UA
m
MHz
Hz
MW

TeV

MHz

T



Technical challenges and R&D requirements
-High field SC magnets

* Following the new SPPC design scope
 Phase I: 12 T, all-HTS (iron-based conductors)
 Phase ll: 20-24 T, all-HTS

* New magnet design for 12-T dipoles

« R&D effort in 2016-2018

« Cables, infrastructure
« Development of a 12-T Nb3Sn-based twin-aperture magnets

(alone, with NbTi, with HTS)
* Collaboration

« Domestic collaboration frame on HTS superconductors
(material, industrial and applications) formed in October
2016

 CERN-IHEP collaboration on HiLumi LHC magnets
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Design of 12-T Fe-based Dipole Magnet

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

B (T)
12.77
= 12.10
- 1144
- 10-77
- 10.11
64.8mm oM
T Bt
8.114
7.448
6.782
6.117
5.451
e
IRONBASED2 v 4119
> m
IRONBASED1 IRONBASED3 = i::
le N =
™ | - 1.457
42.8 mm = 0.791
N 0.125
ROXIE 102
IRONBASED1: IRONBASED2: IRONBASED3:
o m 12777 B 12.55 T Bosy 8.8TB .
4 Table 1: Main parameters of the cables
; Cable Hight Width-i Width-o Ns Strand Filament Insulation
IRONBASED FE-
E - Q 8 15 15 20 IRON-BASED o, crr 0.15
o HONBAEED | 15 13 14  IRON-BASED _ ' E- 0.15
== 2 BASED
= 1 — IRONBASED
o 5 1.5 1.5 12 IRON-BASED FE-BASED 0.15
Bugi e
| Table 2: Main parameters of the strand
— .
3:=1 _=l Strand diam. cu/sc RRR Tref Bref Jc@ BrTr dJc/dB
E 1= IRON-BASED (. 802 1 200 4.2 10 4000 111
| "

0.125
ROXIE 102

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



Domestic Collaboration on HTS

In  October 2016, A consortium for High-temperature
superconducting materials, industrialization and applications was
formed in China, with participation of major research and
production institutions on HTS.

China is actually leading the development of Fe-HTS technology In
the world; world-first 100-m Fe-HTS wire was made by CAS-
Institute of Electrical Engineering in the last year .
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Other important issues
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CEPC International Collaboration Status-1

International collaboration experts in the CEPC study team:

v All accelerator subsystem working groups have established data base of potential
international collaboration experts

v All accelerator subsystems have at least one international collaboration expert
In the subsystem working groups

International collaboration with major international labs:

v' IHEP-BINP (Russia) MoU (Jan 2016)
v IHEP-KEK (Japan) MoU (Sept 2017)

International workshop and meetings on CEPC accelerator:
v' The 6th IHEP-KEK SCRF Collaboration Meeting has been held on July 14-15 at

IHEP

Meeting purposes:
1) Disussion on the IHEP Huairou SC Platform

2) ILC and CEPC SC technology issues and collaboration
3) ILC and CEPC SC industralization plans
4) ILC and CEPC SC collaboration %0



CEPC International Collaboration Status-2

http://english.ihep.cas.cn/doc/2489.html

KEK: CERN, IHEP, LAL, SLAC

Multi-Lab MoU on Circular Colliders with KEK Super B
as a experimental facility
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CEPC Site Selection Progresses
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4) Baoding (Xiong an), Hebei (Started in August 2017, near Beijing ~200km to the
south)



China Enterprise Consortium Promoting CEPC
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International Workshop on CEPC

CIRCULAR ELECTRON POSITRON COLLIDER

http:llindico.ihep.ac.cnlevent/6618

* a major workshop on CEPC
* global collaboration

* examines R&D status

* CDR — draft chapters
- a major push

* CEPC organization update

Please come to this workshop

Nov 6~8, 2017, IHEP, China

http://indico.ihep.ac.cn/event/6618
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Concluding remarks

® CEPC-SppC shapes well towards CDR with clear physcis goals and with Fully
Partial Double Ring Scheme of 100km as CEPC baseline and Advanced Partical
Double Ring (APDR) Scheme as alternative

® 100km CEPC accelerator baseline design progress well

® Fund from MOST succeded in June 2016 (36M RMB)

® CEPC-SppC CDR to be finished both for accelerator and detector at the end of
2017

® Design and key technologies' R&D plan progress well
® In addition to international collabotaion in general, synergies of CEPC/SppC with
LCC(ILC, CLIC) and FCC(e+e-,pp) are very important for the future of HEP

community

® Young generations are the key forces to realize the goals



Thank you for your attention

Thanks go to

CEPC-SppC accelerator team and international collaborators



