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Historical recall: from AdA to LEPII

Accelerators driven by physics motivation (e+e- collision)
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AdA e+e- storage ring collider in operation at LAL, Orsay, France
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Physics Goals of CEPC-SppC

* Electron-positron collider (90, 160, 250, 350 GeV)
« Higgs Factory (10° Higgs) :

 Precision study of Higgs(m,,, J°, couplings), Similar &
complementary to ILC
* Looking for hints of new physics

« Z & W factory (1010 Z9) :

« 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 !
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CEPC physics potentials
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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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1st Milestone: Pre-CDR (by the end of 2014) ;2"d Milestone: R&D funding from MOST (in Mid 2016);
3rd Milestone: CEPC CDR Status Report (by the end of 2016); 4t Milestone: CEPC CDR Report (by the end
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CEPC CDR Accelerator Chain @

Energy Ramp

10 GeV Electron 10 ->45/120GeV

Injector

Positron .
=
Three rings in the sane channel; o = =
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t(s)
Booster Cycle (0.1 Hz)

Double Ring
Common cavities for Higgs

Two RF sections in total
Two RF stations per RF section Maln Rl ng

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




CEPC Luminosity vs Circumference

CEPC 100km decied in Nov. 2016
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* Fabiola Gianotti, Future Circular ColliderDesign Study, ICFA meeting, J-PARC, 25-2-2016.



Parameters for CEPC double ring (HL)

Dec 2016, beta_y=1mm

H-h/gfb}b(mi. H-low power W Z
Number of IPs [ 2 \ 2 2 2 2 [ 2\
Energy (GeV) [ 120 \ 120 120 80 45.5 [ 455 \
Circumference (km) [ 100 \ 100 100 100 100 100 \
SR loss/turn (GeV) [ 167 \ 1.67 1.67 0.33 0.034 0.034 |\
Half crossing angle (mrad) 15 \ 15 15 15 15 15 \
Piwinski angle 2.5 2.5 2.5 3.57 5.69 5.69
N./bunch (101 1.12 1.12 1.12 1.05 0.46 0.46
Bunch number 555 333 211 1000 16666 65716
Beam current (mA) 29.97 17.98 11.4 50.6 367.7 1449.7
SR power /beam (MW) 50 30 19 16.7 12.7 50
Bending radius (km) 11 11 11 11 11 11
Momentum compaction (10-) 0.96 0.96 0.96 3.1 3.3 3.3
B Xy (M) 0.3/0.001 0.3/0.001 0.3/0.001 [ 0.1/0.001 | 0.12/0.001 | 0.12/0.001
Emittance x/y (nm) 1.01/0.0031 | 1.01/0.0031 | 1.01/0.0031 [ 2.68/0.008 |0.93/0.004p |0.93/0.0049
Transverse oy, (UM) I 17.4/0.055 17.4/0.055 | 17.4/0.055 16.4/0.09 10.5/0.07] | 10.5/0.07
EJENIP 0.029/0.083 || 0.029/0.083 | 0.029/0.083 | 0.0082/0.055 | 0.0075/0.054 |0.0075/0.054
RF Phase (degree) 123.3 123.3 123.3 149 160.8 160.8
Vee (GV) 2.0 2.0 2.0 0.63 0.11 0.11
f o (MHz) (harmonic) 650 650 650 650 (217800) 650 (217800)
Nature o, (mm) 2.72 2.72 2.72 3.8 3.93 3.93
Total o, (Mm) 2.9 2.9 2.9 3.9 4.0 4.0
HOM power/cavity (kw) 0.75(2cell) 0.45(2cell) 0.28(2cell) 1.0 (2cell) 3.2(2cell) 12.5(2cell)
Energy spread (%) 0.098 0.098 0.098 0.065 0.037 0.037
Energy acceptance (%) 15 15 15
Energy acceptance by RF (%) | \ 1.8 | 1.8 1.8 1.5 1.1 1.1 |
n, \ 026 | 0.26 0.26 0.26 0.18 018 |
Life time due to 52 52 52 \ /
beamstrahlung cal (minute)
F (hour glass) \ 0.83 / 0.83 0.83 0.84 0.91 \ 091/
L./ IP (1034cm-2s-1) \3:1,2/ 3.25 2.06 4.08 18.0 \7\0.,31'
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MITIGATING PERFORMANCE LIMITATIONS OF SINGLE BEAM-PIPE
CIRCULAR e’¢ COLLIDERS
M. Koratzinos. University of Geneva, Switzerland and F. Zimmermann, CERN. Geneva.
Switzerland.

Abstract

Renewed interest in circular e colliders has spured
designs of single beam-pipe machines, like the CEPC m
China, and double beam pipe ones, such as the FCC-ee
effort at CERN. Single beam-pipe desigms profit from
lower costs but are homted by the number of bunches that
can be accommodated in the machme We analyse these
performance Lnutations and propose a soluton that can
accommodate O(1000) bunches while keeping more than
90% of the ning with a single beam pipe

SINGLE BEAM-PIPE LIMITATION

The CEPC collider [I] is a single beam-pipe
e*e” collider with the mam emphasis on 120 GeV per
beam running with possible nmning at 45 and 50 GeV.
Bunch separation 15 ensured by a pretzel scheme and the
maximmm pumber of bunches 13 hnuted to 50. This very
small number of bunches for a modem Higes factory
mfroduces lummosity lmtations at 120 GeV, and severe
limitations at any eventual 45 GeV runmng.

A machine of the size of CEPC at 120 GeV ought to be
designed to be operating at the beam-beam limut and not
reach the beamstrahlung limit first. The best way to reach
this goal is by keepmz the bunch charge low and
emuftances as small as possble. A large momentum
acceptance also helps. Another way (and the route chosen
for the CEPC) 15 to keep the bunches as long as poszble,
but this gives nse to lower mstability thresholds as well as
to geometric I loss. A ding fo our calcul
and with reasonable a:.\lmpuom for the length of the
FODO cell and phase advance, we amive at an
number of bunches of around 120 at 120 GeV [2]. The
accommodation of this number of bunches with the pretzel
scheme would be more demandmg.

For an eventual munming at 45 GeV the Lot of 50
bunches would be inadequate, as hundreds of bunches
would be needed to explore the full potential of the
machine [2]

THE ‘BOWTIE’ DESIGN
Without changing the basic design philosophy of the

apart trancversely so that separate beam pipe: and
magnetic elements can be used to manipulate the electron
and positron beams mdividually, and without any parasitic
collisions. The length of the electrostatic separator section
would be around 100 m on both udes of the straight
section. Smce now the beams travel m separate beam pipes,
great flexibility about the choice of collision angle is
ensured. The FCC-ee 1= purswming a crab waist approach
which grves excellent performance at low energies and
where the croszing angle 15 30 mrad.

Assuming a total length of the double beam pipe to be
2%2000m, and assumng that bunches within 3 train can be
separated longitudinally by as hittle as 2 m (7 ns) then
2+1000 bunches for each species can be accommodated m
the machine

The ratio of single to double beam pipe would be ~4/52
or about §%. Note that the cost mcrease would be much
smaller than the above figure and actually the cost per
lununosity umt would be greatly mproved

Long Straight Section

Long Straight Section

Figure 1: Schematic of the ‘bowtie’ idea (not to scale)

ELECTROSTATIC SEPARATORS
For illustration pwrposes we have chosen the LEP
electrostatic separators [3]. These were 4 m long, 11 cm
wide and the maxamum operating voltage was 220 kV
Each separator produced a maxumum deflection of 145
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Partial Double Ring (DPR) was proposed
independently at IHEP and CERN:

1) J. Gao, IHEP-AC-LC-Note 2013-012

2) M. Moratzinos and F. Zimmermann, 2015
(IPAC 2015 M. Moratzinos and F. Zimmermann)



New idea: Advanced PDR (APDR)
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To solve the problem of the beam loading effect in RF system



CEPC four options towards CDR

CEPC Partial Double Ring Layout

1/2RF : 1/2RF

1/2RF 1/2RF
———————————— IP4-pp -I[m
IP1_ee/lP3_ee, 3km  RF
IP2_pp/IP4_pp, 1132.8m
4Straights, 849.6m :
4Long ARC, 120*FODO, 5852.8m 1/2RF ] 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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RF Station, 188.8m

ARCL, 6041.6m ot eng
ARCL 49028 2016.9.30

Since May 2016
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Machine Option Luminosity Potentials

Machine CEPC CEPC CEPC CEPC
Singe PDR ~ APDR FPDR
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CDR Alternative  CDR Baseline
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e . N B . et ] . :\ Lcm' S'
1032 10%3 10% 10%
Luminosity 1.6*10732 (Z) ~5710733 2710734 (H)2~5"10"34 (H)

~1*10"34 (Z)  >1~10*10734 (2)



CEPC towards CDR

(Dec. 15,2016, SuFeng)
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IP1_e/IP3_ee, 3703 46m
IP2_ppIP4_pp. 113285m
APDR, 1426m

RF Station, 188.8m

CEPC Baseline Design CEPC Alternative Design

Better performance for Higgs and Z Lower cost and reaching the
compared with alternative scheme, fundamental requirement for
without bottle neck problems, but with Higgs and Z luminosities, under the

higher cost

condition that sawtooth and beam
loading effects be solved



CEPC-SppC from Pre-CDR towards CDR

IHEP-CEPC-DR-2015-01

IHEP-AC-2015-01

CEPC-SPPC

Preliminary Conceptual Design Report

Volume Il - Accelerator

The CEPC-SPPC Study Group
March 2015

March 2015

http://cepc.ihep.ac.cn

April 2017 Nov 2017

CEPCSppC baseline and alternative CEF?CTSPPC CDR
decision processe recorded Preliminary Draft

CEPC CDR will be completed at the end of 2017
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CEPC CDR parameters (high lumi) (By*=1mm)

tt Higgs W Z

Number of IPs 2

Energy (GeV) 175 120 | 80 | 45.5

Circumference (km) 100

SR loss/turn (GeV) 7.61 1.68 | 0.33 | 0.035

Half crossing angle (mrad) 16.5

Piwinski angle 1.05 2.82 4.39 14.2

N./bunch (10%0) 24.15 15 3.6 4.8

Bunch number 34 248 5220 16666

Beam current (mA) 3.95 17.9 90.3 384.5

SR power /beam (MW) 30 30 30 13.4

Bending radius (km) 10.9

Momentum compaction (10-) 1.14

Lo XIy (M) 1.2/0.0037 0.36/0.001 0.36/0.002

Emittance x/y (hm) 2.24/0.0045 1.21/0.0037 0.54/0.0018 0.17/0.0029

Transverse o, (UM) 51.8/0.13 20.9/0.061 13.9/0.060 7.91/0.076

EJEJIP 0.067/0.121 0.026/0.076 0.009/0.055 0.007/0.0565

Vee (GV) 8.93 2.14 0.465 0.053

f oe (MHZz) (harmonic) 650 (217500)

Nature bunch length o, (mm) 2.54 2.72 2.98 3.67

Bunch length o, (mm) 3.3 3.57 3.7 6.78

HOM power/cavity (kw) 0.49 (5cell) 0.53 (2cell) 0.32(2cell) 1.33(2cell)

Energy spread (%) 0.14 0.098 0.066 0.037

Energy acceptance requirement (%) 1.37 1.39

Energy acceptance by RF (%) 2.67 2.06 1.48 0.75

Photon number due to beamstrahlung 0.19 0.29 0.11 0.25

Lifetime due to beamstrahlung (hour) 1.0 1.0

Lifetime (hour) 0.33 (20 min) 3.5 7.4

F (hour glass) -89 08t 8-96 0.986
T JIP (103%cm2s1) 0.43 2.87 4.1 106




CEPC CDR Parameters

beta_y=2mm

Higgs W Z
Number of IPs 2
Energy (GeV) 120 80 | 45.5
Circumference (km) 100
SR loss/turn (GeV) 1.68 0.33 | 0.035
Half crossing angle (mrad) 16.5
Piwinski angle 2.75 4.39 10.8
N./bunch (10%0) 12.9 3.6 1.6
Bunch number 286 5220 10900
Beam current (mA) 17.7 90.3 83.8
SR power /beam (MW) 30 30 2.9
Bending radius (km) 10.9
Momentum compaction (10-) 1.14
Lo XIy (m) 0.36/0.002
Emittance x/y (nm) 1.21/0.0036 0.54/0.0018 0.17/0.0029
Transverse o, (Um) 20.9/0.086 13.9/0.060 7.91/0.076
EIE]IP 0.024/0.094 0.009/0.055 0.005/0.0165
RF Phase (degree) 128 134.4 138.6
Vie (GV) 2.14 0.465 0.053
f oe (MHZ) (harmonic) 650
Nature bunch length o, (mm) 2.72 2.98 3.67
Bunch length &, (mm) 3.48 3.7 5.18
HOM power/cavity (kw) 0.46 (2cell) 0.32(2cell) 0.11(2cell)
Energy spread (%) 0.098 0.066 0.037
Energy acceptance requirement (%) 1.21
Energy acceptance by RF (%) 2.06 1.48 0.75
Photon number due to beamstrahlung 0.25 0.11 0.08
Lifetime due to beamstrahlung (hour) 1.0
F (hour glass) 0.93 0.96 0.986
L,.../1P (10%4cm-2s1) 2.0 4.1 1.0




161202-100km-2mm-h-highlum, (0.51,0.55,0.037)

Luminosity/IP [10*4cm2s1)

<XZ>/040,

5x103¢
4.8x1034
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CEPC CDR Layout

Booster

Outer Ring

Positron Ring

Inner Ring  hner Rin—g

W & Z Mode

Outer Ring Outer Ring

Inner Ring Inner Ring

CEPS

Injection energy 10GeV

Linac

First accelerating section
1.1 GeV

drddr 4r!4!44ﬂ

ke

1.1 GeV
Damping

Electron source &3 Return section 200 Ring
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........................ AL A LA dhAAAAAAAAAA 200 MeV
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CEPC Collider Ring

» The circumference of CEPC collider ring is 100 km.
* In the RF region, the RF cavities are shared by two ring for H mode.

» Twin-aperture of dipoles and quadrupoles is adopt in the arc region to
reduce the their power. The distance between two beams is 0.35m.
» Compatible optics for H, W and Z modes

« For the W and Z mode, the optics except RF region is got by scaling
down the magnet strength with energy.

* For H mode, all the cavities will be used and bunches will be filled in half
ring.
* For W & Z modes, half number of cavities will be used and bunches

can be e aud

RF | Lss4 €=100 km




CEPC H, W and Z bunch distributions
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RF Section A

* Two Collider Ring RF Stations CRFA1 (84
cavities in 14 cryomodules) and CRFA2
(84 cavities in 14 cryomodules) (blue)

» One Booster RF Station BRFA (48 cavities
in 6 cryomodules) (orange)

» Straight sedtion length between CRFA1
and CRFA2: 3686 m

CEPC SRF System Layout

Outside

Collider Ring RF Station
CRFA1 (224 m) on floor

¢ 14 Collider Ring cryomodules
in seven FODO cells

e One cryomodulein a half
FODO cell.

e Six cavities per module.

e Half FODO cell length 16 m.

e Cryomodule length 10 m.

Booster RF Station
BRFA (116 m) on ceiling

« Six Booster cryomodules in
one FODO cells

+ Three ayomodulesin a haf

FODO cell.

Eight cavities per module.

Half FODO cell length 58 m.

Cryomodule length 13 m.

Not to scale

Inside

# CRFA1 module:

H-14, W-9, Z-1

RF Power Source
for CRFA1 (84
cavities, 42
klystrons)

Cryogenics for
CRFA1 and half
BRFA

# BRFA module:

H-6, W-4, Z-2
RF Power Source

— for BRFA (48

cavities, 48 SSA)

H w z
Collider Ring 650 MHz 2-cell cavity
Lumi. / IP (10%* cm2s-1) 2 4 1
RF voltage (GV) 214 0.465 0.053
Beam current (mA) 17.7 x 2 90.2 83.7
Cavity number 336 108 x 2 12x2
SR power (MW) 30 30 29
2 K cavity wall loss (kW) 6.4 1 0.1

Booster Ring (extraction)

1.3 GHz 9-cell cavity

RF voltage (GV) 1.83 0.7 0.36
Beam current (mA) 0.53 0.53 0.51
Cavity number 96 64 32

RF input power (MW) avg. 0.1 0.02 0.01
2 Kwall loss (kW) avg. 0.2 0.1 0.03

. Same cavities for H, W, Z and one-time full

installation

. Common collider cavities for H, independent for W &

z




CEPC Collider Ring SRF Parameters

H W yA
SR power / beam [MW] 30 30 2.9
RF voltage [GV] 2.14 0.465 0.053
Beam current / beam [mA] 17.7 90.2 83.7
Bunch charge [nC] 20.6 5.8 2.6
Bunch length [mm)] 35 3.7 5.2
f:|‘|l)ity number in use / beam (650 MHz 2- 336 216 24
g;i(riiis)nt [MV/m] (with margin for HV-H & 13.8 9.4 9.6
II:Lp:t) power / cavity [kW] (with margin for 179 278 242
Klystron power [kW] (2 cavities / klystron) 800 800 800
HOM power / cavity [kW] 0.48 0.33 0.11
Optimal Q_ 1.1E6 3.1E5 3.8E5
Optimal detuning [kHz] 0.24 1.0 1.0
Qo @ 2 K at operating gradient (long term) 1E10 1E10 1E10
Total cavity wall loss @ 4.5 K eq. [kW] 22.7 6.7 0.8

Optimized for the Higgs mode
of 30 MW SR power per beam,
with enough operating margin
and flexibility.

# cavity determined by coupler
power capacity, less is better for
W and Z to reduce the detuning.
2-cell is a balance of gradient,
beam loading and HOM power
and damping.

Input coupler power limit
300 kW, variable, low heat
load, be short to reduce
cryomodule diameter.

Cavity acceptance Q, > 4E10 (N-
doping), module horizontal test
> 2E10 (clean assembly and
magnetic hygiene)



Linear Optics of Interaction Region

» Provide local chromaticity correction of both plane

« L*=2.2m, 6c=33mrad, GQD0=151T/m, GQF1=102T/m

* |P upstream of IR: Ec <100 keV within 400m, last bend Ec = 47 keV

 |P downstream of IR: Ec < 300 keV within 250m, last bend Ec = 95 keV

« The vertical emittance growth due to solenoid coupling is less than 4%.

» Relaxed optics for injection can be re-matched easily as the modular design.
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GQDO0=- -~ 51 5 o =S
GQF1=102T/m : ‘

5 L a . ; ;
LQD0=1.73m -1500 -1000 -500 0 500 1000 1500
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Linear Optics Design of ARC Region

« FODO cell, 90°/90°, non-interleaved sextupole scheme, period =5cells
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« Twin-aperture of dipoles and quadrupoles is adopt in the arc
region to reduce the their power. The distance between two beams is
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Optics Design of RF Region

« Common RF cavities for e- and e+ ring (Higgs)

* An electrostatic separator combined with a dipole magnet to avoid
bending of incoming beam(ref: K. Oide, ICHEP16)

 RF region divided into two sections for bypassing half
numbers of cavities in Z mode
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Linear Optics of the Collider Ring

« An optics fulfilling requirements of the parameters list,
geometry, photon background and key hardware.
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On Momentum Dynamic Aperture
(CEPC-Higgs)

min
avg
Initial Phase: O Initial Phase: Pi/2 max

X X+

Ay/oy

Ax/oy

100 samples are tracked. 200 turns are tracked.

Synchrotron motion, synchtron radiation in dipoles, quads and sextupoles, tapering, Maxwellian fringes, kinematical terms, crab waist are included.



Off momentum Dynamic Aperture
(CEPC-Higgs)

W/O
Optimization

Momentum Acceptance:

0.017 o
Error bar means min and max 90% survival s ——— .
:-.. 15 ........................
- 10 Fomnsiy g e v
; 5 == iiii.‘:::::::3:::::l::::::::::::::::::3:::::;.. :;:i:i::;
o Ba o oF - phase=n/2 —¥— - =203
;;@;:: : phase r[ ::::::::::::G.r.gf 3 : phase n —3— : k
210 BN (Déﬂ)@ =31/2 5%6 _ 5
_3::::::Iil::::::::::i:3:::j_':::|:....:""""':‘...:ﬁ:::::::::i::l3::::::[::::::::- N -
-0.02-0.015-0.01-0.005 0 0.005 0.01 0.015 0.02 10.02-0.015-0.01-0.005 0 0.005 0.01 0.015 0.02
5p 6p

100 samples. Radiation fluctuation is included. 0.3% emittance coupling. 200 turns are tracked.



Whole Ring (H, 2)
 Whole ring of H & Z lattice

_=E [*=29m ex=1.248 nm ' —— ] |
= Bx*=0.171mm Py*=2mm |

L*=2.2m ex=1.344 nm
Bx*= (J).16mm By*= 2mm
I




Momentum

. Acceptance:
2040 W 0.015
On Momentum Dynamic Aperture Minimum DA of 100 Samples
60
40
. 20 " phase=0 —%—
2 5 - phase=mn/2 ¥
3 il phasesn —B—
20 | phasesanz o
-40 i = Ly
-60 :
-40-30-20-10 0 10 20 30 40 -0.02-0.015-0.01-0.005 0 0.005 0.01 0.015 0.02
Ax/oy &p
Radiation fluctuation is included. 0.3% emittance coupling.
. 1000 turns are tracked.
Z-pole design goal
z O I e Momentum
. - p Acceptance:
230’x X ZOO'y & 0.004 ;90 0.75%
On Momentum Dynamic Aperture Minimum DA of 100 Samples
80

60

Z-pole achieved values a0
(OK)

520, X 500, &0.007@Z %

-60 20 0 20 40 60 -0.01 -0.005
Ax/oy

Ayloy
o

Radiation fluctuation is included. 1.7% emittance coupling.
3000 turns are tracked.



CEPC CDR Design Status

CEPC Collider Ring

Symbol |_Unit | _Goal | Status _
E GeV 120 120

Beam Energy

Circumference C km 100 100.006
Ex/8y nm-rad 1.21/0.0036 1.208 / -
Beta functions at IP Bub, m 0.36 /0.002 0.36/0.002
Energy acceptance AP/P % 1.2 1.7
DA requirement DA, DA, c 16 /7 201720

(w/o errors)



CEPC Advanced Partial Double Ring (Alternative)

RF  ARc, 8425m F.Su
7 D.J. Xiao

RF 4300m | -

RF

2017.8.22
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B (m)

. gy H

FODO
CEPC Advanced Partial Double Ring Lattice(v1.0.1)

APDR Lattice Design
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CEPC MDI Layout

Interaction region: Machine Detector Interface ¢ e @

One of the most complicated issue in the CEPC detector design

Updated baseline parameters:

* Head-on collision changed to crossing angle of 33 mrad
* Focal length (L*) increased from 1.5 mto 2.2 m

» Solenoid field reduced from3.5Tto3T

Full partial double ring

Lumiunc: 1 x 103

Session MDI: Suen Hou
CDR: Chapter 10

(StUdies Iead by Vlnca Lu 1 Compeneating Solenoid Quadrupoles
and Academia Sinica) Cryostat Shisiding

I|Il|l|||||l

NP RS RS S R S
1000 2000 3000 4000 5000 6000
>
l"=22m Z [mm]
Magnet  Field Strength Length Inner Radius




IR superconducting magnets

Anti-solenoid coils

4 4

cos theta =0.993

Beam central lines of two apertures

QF1 Coils

QDO Coils

4,89m

Collar, outer radius 31.5mm

Beam pipe, inner radius 10mm, outer

radius 13mm
Quadrupole coil, inner radius20mm,

outer radius 26.5mm

Shield coil, outer radius 33.5mm

Helium vessel, inner radius 17mm

Y

]
-1
| £,
0.9m -
L. = 3
* k1 « Dtagorsokne

& - Conbined Bx

- AntiSo bmoid
T
4

. 1 Hl 3 ] L] 1

1
To e loo NeTP(n)

Collar, outer radius 4 Imm

Beam pipe, inner radius 15mm,
outer radius 18mm

Quadrupole coil, inner radius 28mm,
Outer radius 34.5mm

Shield coil, outer radius 43mm

Helium vessel, inner radius 25mm



Booster parameters

CEPC Booster

Bunch number 286 1044 2180 Bunch number 286 1044 2180
[Transmission efficiency % 0.95 0.95 0.95 Transmission efficiency % 0.95 0.95 0.95
Bunch population 3.86X10° | 1.08X10° | 4.87X10° | [Bunch population 3.86X10° | 1.08X10° | 4.87 X 10°
Bunch charge nC 0.618 0.17 0.078 Bunch charge nC 0.618 0.17 0.078
Beam current mA 0.53 0.542 0.51 Beam current mA 0.53 0.542 0.51
Ramping time S 5 3 1 Ramping time S 5 3 1
Energy spread % 0.2 Energy spread % 0.0966 0.00805 0.037
SR loss/turn GeV 0.000077 SR loss/turn GeV 1.59 0.314 0.033
::\;Ig[rgrentum compaction 105 509 ?;I:t?rentum compaction 105 193 509 512
Emittance in x nm rad 200 Emittance in x nm rad 3.1 1.56 0.51
RF voltage GV 0.09 RF voltage GV 1.83 0.7 0.36
hjcr)]r;gitudinal fractional 0.12 bzr;gitudinal fractional 011 0.12 011
RF energy acceptance % 2.51 RF energy acceptance % 0.71 1.56 2.18
Damping time S 86.94 Damping time ms 50.06 169.73 922.94
Bunch length(rms) mm 1 Bunch length mm 3.22 2.1 1.19




CEPC Booster SRF Parameters

10 GeV injection H w Y4
Extraction beam energy [GeV] 120 80 45.5
Bunch charge [nC] 0.62 0.17 0.078
Beam current [mA] 0.53 0.53 0.51
Extraction RF voltage [GV] 1.83 0.7 0.36
Extraction bunch length [mm] 2.9 2.0 1.1
Seal;/)ity number in use (1.3 GHz TESLA 9- 96 64 32
Gradient [MV/m] 18.4 10.5 10.8
Q. (over-coupled) 1E7 1E7 1E7
Cavity bandwidth [Hz] 130 130 130
Beam peak power / cavity [KW] 8.8 2.6 0.5
Lnep?[::] ir;ega)k power per cavity [KW] (with 14 1 44 34
Idner:lljjrt]iz\;)arage power per cavity [kW] (with 1 04 03
SSA peak power [kW] (one cavity per SSA) 25 25 25
HOM average power per cavity [W] 0.4 0.15 0.10
Qo @ 2 K at operating gradient (long term) 1E10 1E10 1E10
Total average cavity wall loss @ 4.5 K eq. 08 03 0.1

[kW]




CEPC Booster

Timing

H W Z
Injection times 1 3] 9)
Revolution frequency Hz 2997.92 2997.92 2997.92
Bunch number 286 1044 2180
[Transmission efficiency % 05 05 95
Bunch charge nC 0.62 0.17 0.078
Beam current mA  0.53 0.54 0.51
Linac repetition rate Hz 100 100 100
From linac to booster sec  [2.86 10.44 21.80
From booster to collider us 333.56 333.56 333.56
Ramp cycling period sec  [25.72 32.88 47.60
Total injection time sec  25.72 164.40 238.00

(a)Timing for CEPC booster@2z, total injection time 260 sec

Booster to collider 0.3 ms

1.33 sec

\—I—,

Linac to booster(Positron) 21.8 sec

1.33 sec
0.66 sec

Dipole field
30 Gs

Dipole field 133 Gs

\—Y—)

N —

Cycling period 2 sec
(b)Timing for CEPC booster@W, total injection time 160 sec

Booster to collider 0.3 ms

Linac to booster(Positron) 10.44 sec

Dipole field
30Gs

Linac to booster(Electron) 21.8 sec

Dipole field 234 Gs

Linac to booster(Electron) 10.44 sec

l—‘[—}

Cycling period 6 sec
(c)Timing for CEPC booster@H, total injection time 26 sec

Booster to collider 0.3 ms

Linac to booster(Positron) 2.86 sec

Dipole field
30Gs

Dipole field 352 Gs

0.66 sec

Repeat 5 times

Repeat 5 times

3.33 sec

Linac to booster(Electron) 2.86 sec

I_Y_J

Cycling period 10 sec

Repeat 1time



CEPC Booster Design Status
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Tune scan for CEPC booster lattice

Parameters Design goals Design results

Beam current (mA) <0.8 0.54
mittance in x (nm rad) <3.6 3.1

Dynamic aperture for 0.5% off-

omentum particles >30 8.50
nergy acceptance ~1% 2 5%

Meet the top-up N
injection requirements



CEPCB Low Field Dipole Magnets

The ways to improve the field qualities of the low field magnets

» To increase the injection energy of the Booster so that the minimum
field of the magnet is increased from 30Gs to 100Gs.

» To develop high quality silicon steel laminations with very low remnant
field.

» To design and develop the low field magnet without magnetic core like
superconductor dipole magnets.

140.0

Yimml 500

1T T

12000, —— |
-1200 -80.0 00 400 800 1200 160.0




A High Energy CEPC Injector Based
on Plasma Wakefield Accelerator

Linac1 Linac2
FC PWFA DB
A@JB_M\(
e+ Target
QEB
Time = 100.00 [1/w,)
T T 0
BC2 0 _ 1 10
i A" 18 -20
LPA Damping ring 3 sk il 2 ?
A 181 30 g
>100MeV Linac3 To increase the injection energy o il B - 2
20nC inac of the Booster so that the 0 :‘
minimum field of the magnet is LML AT =0

~300MeV
increased from 30Gs to >100Gs.



Overall Concept Design based on single stage
PWFA (TR=3.5) for CEPC injector

RF Gun

Boundary Conditions
Beam average power (kW 100Hz)
Beam charge per-bunch ( nC)
Beam energy spread (0.2%)
Beam geometric emittance (<0.3mm mrad)

Positron generation and acceleration

300MeV

HE}-<E..

Target

10 Gev

45 GeV

Plasma linac |

U0MeV

s

Damping
Ring

QEB
Time = 800.00(1/a,]

I!Illfl]lil]]lll

-200

[n]

-400 3

Q

-600

S
QEP1 [n ]

-15

-20

45 GeV
Plasma linac|l ==

Input parameters _

Plasma density 740 (cmmT
-3)

Driver charge @ld (nC)
Driver energy £ld (GeV)
Driver length Lld (um)
Driver RMS size ald (um)

Driver normalized emittance
elnd (mm mrad)

Trailor charge @it (n0)
Trailor energy £1t (GeV)
Trailor length LIt (um)
Trailor RMS size adt (um)

Trailor normalized
emittance elnt (mm mrad)

5.15x10716

6.47

100



Electron source &3&
Bunching system 200 MeV

CEPC Linac Injector

First accelerating section
GeV

1'1\";"
el

P

o sl o o

1.1 GeV
Damping
Ring

Return section 200

MeV
Second accelerating

section Positron source

&&
capture section

Q4440044840040 200Mev

)

4 GaV

T T

J0{2) kiye. 40 accel. tube

2 wim

A

- A2 (4] Whys. 34 acced tube

;a |

LTB 10.0 Ge

Third accelerating section 10.0

GeV
e /e* beam energy E./E.,
.
. Ne-/Ne+
e /e* bunch population
Energy spread (e /e*) (o8
Emittance (e /e*) &,

e  beam energy on Target

e bunch charge on Target

Symbol|_unit_

GeV
Hz

nC

nm- rad

GeV
nC

10
100
>6.25%10°
>1.0
<2 X103
<300

4
10



Electron Linac Design

* Low charge mode

« 3 nC && 10 GeV without bypass
» Energy spread (rms): 0.15%

high energy electron, e.g.
quadrupoles and correctors

Z (m)

(s <2 X103
 Emittance (rms): 5 nm S LR B
* Bypass scheme
0 t-Energy
« electron transport line bypass |
1.5 ’g\ y %\ 102 /'
« Simplicity g, g"’ N v
* A bit higher cost, more os| A1 & 1 e
magnets 5 - o M
0 200 m400 600 0 200 m400 600 5 . (gs) 5
 target bypass “m zm
0 15 :
* Moveable target: alignment & _, o N
. % £ .
mechanics e . Lo
) 5 4 £ Shared with positron linac
* Low energy part for positron ¢, § o —hx ]
|inaC iS Week fOCUSing for oO 200 400 600 _50 1(;0 2(I)0 3(;0 4(;0 5(;0 6(;0
Z (m)



Positron Linac Design

e Positron linac

* 3nC&&10GeV _
. Energy spread (e /e*) OF <2 X 103
* Energy spread (rms): 0.12% - F— <0.3

e Emittance (rms): 120 nm

i
3 s
£ & 1005 15
£ Q
3 3 10
» o
E v —~10
w 9.95 c
£
9.9 °
200 400 600 0 200 400 600 g 5
Z(m) Z (m) I
o
20 T T T T
—xrms m 0
—_ Xma -
E™ ~—Yomg
‘q; _Ymax _5 1 1 L 1
N0 . 0 2 4 6 8 10
g Z(m)
[
Q5 -
Beam loss: 2%
0 1 1 il 1 1 L
200 400 600 0 100 200 300 400 500 600 700

Z (m) Z (m)



CEPC Linac Injector CDR Status

Symbol mmm

e" /e* beam energy E./E,, GeV 10/10
Repetition rate - Hz 100 100

~ 10
Ne-/Ne-+ >6.25% 100 1-875210
. ~1.875X1010
e /e* bunch population
Ne-/Ne+ nC >1.0 1.0/3.0*

1.5X10-3
- ot -3
Energy spread (e /e*) O <2X10 1.4% 107
Emittance (e /e*) mm- mrad <0.3 0.005/0.12**

e- beam energy on Target GeV 4 4

e bunch charge on Target nC 10 10

*

Enough allowance and high bunch charge requirement possibility or potential
** Without errors



CEPC Linac to Booster: Transport Line

H_I(IL'-!E)- pster Tmm’porr 33
220, Win32 version 8.51/15 31/10/17 23.5 4.27- 30, =
£ 798. - F25.
1761 - 20.
: - 75,
154. , L o,
132. 4 L 5.
Booster 110. 4 - 0.0
88. -5.
-10.
66. -
-15.
44. - _20.
550m 22. 4 L 25,
0.0 30.

0 ~-100m

0.0 100. 200. 300. 400. 500. 600._
s(m)

Transfer efficiency 99%

CEPC Booster to Collider Ring: Transport Line

oster-to-collider
Win32 version 8.51/15 01/11/17 00.32.27

B 400. ——r—F————————— D r 0.5 g
= 350, - W 04 o
. O3
300. L o2
250. - ot
F 0.0
200. - L 0.7
150. - F-0.2
100. F-0.3
F-0.4
50. ] \ f L 0.5
0.0 . . " SN -0.6
0.0 200. 400. 600. 800. 1000.
s (m)

* The total transfer efficiency > 90% (99%*92%*99%)
«  Satisfy the requirement of topup operation for H, W and Z



Electric Power Demand Estimated for CEPC

System Location and electrical demand(MW) Total
Ring Booster LINAC BTL IR campus (MW)
RF power source 160 7.68 1.75 169.43
Cryogenics 16.8 16.8
Converter for magnets 98.5 10.5 5.7 2 116.7
Experimental devices 14 14
Dedicated services 6 3 1 0.5 10.5
Utilities 40 2 0.5 3 45.5
General services 13 1 0.3 1 12 27.3
Total 3343 20.18 1145 3.3 18 12 400.23
Further electrical power reduction —350MW l
Supposing that: 350MW

Klystron efficiency 1(higher, 80%)
Cable loss | (lower)
Magnet aperture | (optimized)

High Efficiency RF cavf;:;;ection Z . S . ZhOU



CEPC Cost Distribution of Accelerator
(no detector and no tunnel)

Radiation protection

CEPCSC Qs _
0.24% |

magnets, 8%



CEPC 650 MHz Cavity Cryomodule

Structure based on ADS cryomodule. High Q requirement drives new design features (fast cool
down and magnetic hygiene).

Fast cool down rate is supposed to be 10 K/min during 45 K to 4.5 K.

Ambient magnetic field at cavity surface should be less than 5 mG. Magnetic shielding and
demagnetization of parts and the whole module should be implemented for the magnetic
hygiene control.

Overall length (flange to flange, m)

uu:m::::vessel (m)‘”‘“‘::::::::

Beamline height from floor (m)

rking temperature (K

Number of cavities and tuners

Number of RT HOM absorbers
e POSTs
Static heat loads at 2 K (W)
Alignment x/y (cavities) (mm) 0.5
Alignment z (mm) 2




1.3 GHz SRF Technology for CEPC Booster

XFEL and LCLS-II type
cryomodule, without SCQ.
Technology R&D in synergy
with Shanghai XFEL (SCLF). No
big challenge.

TESLA cavity. Nitrogen-doped
bulk niobium and operates at 2 K. XFEL/ILC/LCLS-II or other XFEL/LCLS-II type end lever

Q, >3 X 10 at 24 MV/m for the type variable power tuner. Reliability. Large
vertical acceptance test. Qg > coupler. Peak power 30 stiffness. Piezos abundance,
1< 10 up to 20 MV/m for long kW, average 4 kW, Q,,, radiation, overheating. Access

term operation. 1E7-5E7, two windows. ports for easy maintenance.



A New SRF Facility

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

'
P £
- o
High Epergy Photon Source

(HEPS)
2018 - 2024

2017 - 2019

*500M RMB funded by city of Beijing

*Construction: May 2017 — June 2020

*Include RF system & cryogenic systems
magnet technology, beam test, etc.

November 6, 2017

Construction: 2017 - 2019

Ground Breaking: May 31, 2017

Cryogenics
SRF Lab

Beam Test
X-ray

Magnet




* | sc magnet

Cryomodule Development and Production for SCLF

SCLF Cryomodule Performance

o LIGHz BxScell cavity-string
K lunners

§ power u‘l-tl[llv!u
164~ couplers
* | Magnetic shielding

+ 1 EPY

* | cryotat

Cavity Performance

Cryvomodule Performance

RF frequency 1.3GHz
Temperature 20K
Caaty length 1.038 m
Verticsl test >25 MVim
COperation >18 MVim
0 > 2.7«10"

CW RF Voltage > 128 MV
Dark current <1nA
Heat load 2K <93W
5K <25W
a5 K < 2S5W

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.

Nominal performance of the SCLF linac

L L2 e

IHEP will provide one test cryomodule (8-cavities),

and 100 9-cell cavities for SCLF

excellent exercise for CEPC

(1) [ 8 By B2
CMOZ-03 " WMDs. 21 " CMZZ-TS
e v —
‘ 120 Mey 270 MaV 21 CaV 4.6 Gav
12 A s A 1300 A 1500 A
No, of Avail. | Powered. | Gradient | E woont | epout | @, R
CM's | Covities | Cavities | (MVim) | (MeV) | (mem) %) (mm}
Le | [ 7 %] 120 I 0114 1]
A | 2 I6 15 136 3126 | G383 |-127
HI. 3 16 15 125 170 | 1 468 | -1%0
BCY = - 270 0 144 ] 468 -85
L2 13 |44 s 15 % 148 Wi4s | ook | -
BC2 - - 2148 o072 | 0Jos -37
[E] 54 412 404 IS8 651 07T | 008G L]

November 6, 2017 25



Designs of Dual Aperture CEPC Magnets

The first and the last segments - sextupole combined

. Core - steel

. Cail - copper D Radiation shielding - lead

Booster Dipole



Dipole Vacuum Chamber of Electron Storage Ring

62

75
8l

Aluminum vacuum chamber
(elliptic 75x56, thickness 3, length 6000)

The aluminum chamber

manufacturing procedure is:

« Extrusion of the chambers,

« Machining of the components
to be welded,

« Chemical cleaning,

« Welding of the water
connections and flanges,

* Leak detections.




CEPC Detector

CEPC baseline detector: ILD-like

__eron R | 72

<«—— Yoke/Muon

> 4400mm

*

apo fv»ke/Muon HCal TQDO LumiCal 1P

/
LumiCal
6983mm 4143mm 2350mm

Magnetic Field: 3 Tesla — changed from preCDR

.Impact parameter resolution: less than 5 pym Flavor tagging
. Tracking resolution: 8(1/Pt) ~ 2x10-5 (GeV-1) BR(Higgs — pp)

. Jet energy resolution: o./E ~ 0.3/+JE W/Z dijet mass separation



SppC Status
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SppC Design Scope (201701 version)

* Baseline design Top priority: reducing cost!
» Tunnel circumference: 100 km Instead of increasing field

» Dipole magnet field: 12 T, iron-based HTS technology (IBS)
» Center of Mass energy: >70 TeV
» Injector chain: 2.1 TeV

* Upgrading phase

» Dipole magnet field: 20 -24T, IBS 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 iron-
based wire is available

» ReBCO & Bi-2212 and LTS wires be used for model magnet studies and as an
option for SPPC: stress management, quench protection, field quality
control and fabrication methods

November 6, 2017 26



SPPC Parameter Choice and Comparation

Table 2: SPPC Parameter list(2017.1)*.%

SPPC SPPC SPPC SPPC SPPC SPPC SPPC

(Pre-CDR) 61Km 100Km 100Km 82Km phase 1 phase 2
Main parameters and geometrical aspects
c.m. Energy[Ey]/TeV 71.2 70 100.0 128.0 100.0 75.0 125.0-150.0
Circumference[Cy] /km 54.7 61.0 100.0 100.0 82.0 100.0 100.0
Dipole field[B]/T 20 19.88 16.02 19.98 19.74 12.00 20-24
Dipole curvature radius[p]/m 5928 5889.64 10676.1 10676.1 8441.6 10415.4 -
Bunch filling factor|fs] 0.8 0.8 0.8 0.8 0.8 0.8 -
Arc filling factor[f1] 0.79 0.78 0.78 0.78 0.78 0.78 -
Total dipole length [Lpipote|/m 37246 37006 67080 67080 53040 65442 -
Arc length[L arc]/m 47146 47443 86000 86000 63000 83900 -
Straight section length[Lgs]/m 7554 13557 14000 14000 14000 16100 -
Physics performance and beam parameters
Peak luminosity per IP[L]/ em™2s™1 11x10%  [1.20 x 10¥ ] [1.52 x 10 | 1.02 x 10°®  1.52 x 10%® | 1.01 x 10%°
Beta function at collision[3”]/m 0.75 0.85 0.99 0.22 1.06 0.71 -
Max beam-beam tune shift per IP[¢,] 0.006 0.0065 0.0068 0.0079 0.0073 0.0058 -
Number of IPs contribut to AQ 2 2 2 2 2 2 2
Max total beam-beam tune shift 0.012 0.0130 0.0136 0.0158 0.0146 0.0116 -
Circulating beam current[I,,|/A 1.0 1.024 1.024 1.024 1.024 0.768 -
Bunch separation|[At]/ns 25 25 25 25 25 25 -
Number of bunches|n] 5835 6506 10667 10667 8747 10667 -
Bunch population[N,] (10') 2.0 2.0 2.0 2.0 2.0 1.5 -
Normalized RMS transverse emittancee]/pum 4.10 3.72 3.59 3.11 3.35 3.16 -
RMS IP spot size[o*]/um 9.0 8.85 7.86 3.04 7.86 7.22 ;
Beta at the 1st parasitic encounter[31]/m 19.5 18.67 16.26 69.35 15.31 22.03 -
RMS spot size at the 1st
parasitic encounter|oq]/um 45.9 43.13 33.10 56.19 31.03 41.76 -
RMS bunch length[o]/mm 75.5 56.69 66.13 14.62 70.89 47.39 -
Full crossing angle[f.]/prad 146 138.03 105.93 179.82 99.29 133.65 -
Reduction factor due to cross angle[Fiq] 0.8514 0.9257 0.9247 0.9283 0.9241 0.9265 -
Reduction factor due to hour glass effect[Fy,] 0.9975 0.9989 0.9989 0.9989 0.9989 0.9989 -
Energy loss per turn[Up]/MeV 2.10 1.98 4.55 12.23 5.76 1.48 -
Critical photon energy[E.]/keV 2.73 2.61 4.20 8.81 5.32 1.82 -
SR power per ring[Py]/MW 2.1 2.03 4.66 12.52 5.90 1.13 -
Transverse damping time [7;]/h 1.71 1.994 2.032 0.969 1.32 4.70 -
Longitudinal damping time [7.]/h 0.85 0.997 1.016 0.4845 0.66 2.35 -




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

cm-2s1
m
A
ns

MW
W/m

PreCDR
54.4
70.6

20
2.1
2
1.2e35
0.75
1.0
25

2.0el1l
2.1
45

Value
CDR
100

75

12

2.1

2
1.0e35
0.75

0.7

25
1.5el1l

1.1
13

Ultimate
100
125-150
20-24
4.2
2



SPPC Layout

LSS1_coll
>\\< Z
s¢ LSS8 ep : LSS2 rf
N\ :
C=100 km
} :
Sy | S [ —— S—— T —
T _PP l _PP
Z
LSS4 AA

LSS5_ext

LSS6_inj

4300m

Qutside of the ring

Air duct

1600

2 | Valve box

Inside of the ring
o0
il f

5506




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

A R O A sammimimmny |1

LSS _PP MAD-X 5.02.00 07/04/17 12.57.20 3.0 Integrated MAD-X 5.02.00 07/04/17 13.43.13

20. = 400. 2.8
. =260 7 2.5
20.4 || 22
AT L 2.0
980 1\ [\ /| L 7.8
\ | OB I \ L

840. - \[ 1] | [ L 1.5
700. {1 | Y b2
560. - - 1.0
420. - r 08
L 0.5
280. - 02
140. - 0.0
0.0 — — 0.2

) 1500. 2250. 3000.

s (rmm)

IP: at collision IP: at injection
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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
25 Hz

180 GeV

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

linac (I-Linac) and RCS (I-

MSS: Medium-Stage Synchrotron RCS)

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

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

69

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 Il: 20-24 T, all-HTS

* New magnet design for 12-T dipoles
* R&D effort in 2016-2018

e 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

70



Design of 12-T Fe-based Dipole Magnet

C. Wang, E. Kong (USTC), Q. Xu et al.
Y
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Yuhong Zhang
CepC-SppC e-p/A Design Consideration

« Assumption: NO upgrade of CepC-SppC for realizing e-p/A
= e-p/A performance is determined by beams from CepC-SppC

» CepC e+e- collisions and e-p/A collision can’t be run simultaneously

— Each CepC lepton beam has only 50 bunches due to the one-ring design
while one proton beam in SppC has 3000 to 6000 bunches

— CepC lepton beam is extreme flat (aspect ratio ~330) while a SppC proton is
basically flat, it is very difficult to have the spot sizes of two beams matched

» Without the constraint of running e+e- and e-p/A collisions simultaneously,
the electron beam in CepC can be reconditioned to match the proton beam
for optimizing the e-p/A collision luminosity

— Increase electron bunches to 3000
— Reduce the emittance aspect ratio to make it a round beam
— Double the beam current (still under 100 MW SR power budget)

This early design has not been synchronized with the
recent change of CepC-SppC baseline (100 km, double ring)

Thomas Jefferson National Accelerator Facility JSA
Jefferson Lab o5 HEP Proaram 2017 45 @&




Yuhong Zhang
SppC High Energy Booster (HEB)
| Location of HEB | Circum. | Energy | Dipole
km TeV T

Separate tunnel 7.2 3.2 12
In main tunnel 54 5.6 3

Alternate: inside the CepC-
SppC main tunnel

. Low Energy
iU 2 Booster

Present baseline:
in a separate tunnel

Booster

e-p/A

lon linac

PP§ e-p/A

e+e-

Medium

Super-ferric Lepton
magnets booster

_ Lepton
Hadron Hig collider ring

Energy Boostd
(collider ring .

Lepton
booster

Lepton
collider



Yuhong Zhang

Potential 1st Stage of CepC-SppC e-p/A

Location of the SppC HEB | Aseparate tunnel | Inside the main tunnel

Particle 020 Proton Electron Proton Electron
TeV 25 0.12 5.6 0.12
Tev 10 1.64

: 2
10%%cm?/s 5.4 82

LHeC: CM energy 1.3 TeV, luminosity (1.3 to 14.4)x1033

Beam energy TeV 5. 6 0.045 0.08 5. 6 0.120 5. 6 0.175
(HEB in main tunnel) (Z) (W) (H) (tt)
CMenergy  [ERCV

1.00 1.33 1.64 2.00

Luminosi er IP
typ 10%/em2s  18.0 18.4 8.2 157

(with HG reduction)



Yuhong Zhang

(Preliminary) CepC-SppC e-p Parameters

Operational scenario e-p and pp e-p only
Particle Proton | Electron | Proton | Electron
Beam energy TeV 3.56 0.12 3.56 0.12
CM energy TeV 4.1 4.1
Beam current mA 860 33.8 430 33.8
Particles per bunch 1010 16.8 0.66 16.8 1.31
Number of bunch 5812 9812 2924 2924
Bunch spacing ns 25 25 50 50
Bunch repetition rate MHz 40 40 20 20
Normalized emittance, (x/y) um rad 4.1 250 2.35 250
Bunch length, RMS cm 7.55 0.242 7.55 0.242
Beta-star (x/y) cm 75 T i< 4.35
Beam spot size at IP (c/y) um 9.0 9.0 6.65 6.65
Beam-beam per IP(x/y) 0.0002 0.15 0.0007 0.15
Crossing angle mrad ~0.8 ~0.8
Hour-glass (HG) reduction 0.904 0.794
Lumi. per IP, w/ HG reduction | 1033/cm?/s 3.2 4.8




Yuh

ong Zhang

A New World of Electron-lon Collider

Lepron=—Froton Scattering Facilities

Max Klein

Univ. of Liverpool
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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 .
B AT digh i

. | "= 20 0.1 :!




Baoding
(xiong an)

1) Qin huang dao, Heihe (Completed in 2014)
2) Huanging, Shanxi (Completed in 2017)

3)Shen shan, Guangdong (Completed in 2016)
4) Baoding (Xiong an), Hebei (Started in August 2017, near Beijing ~200l§n t¢

CEPC Site Selections

'I'lanjin4

Longitudinal profile of tunnel (at Funing site, 1)
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:; (Y SR VSR L ST T
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Huangling (100km)
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Project layout
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CEPC IP and RF layouts

IP1 / IP3

CEPC Experimental Hall

30 X30X30m

Transport shaft 1

Collider ring tunnel

e —

|

Booster bypass tunnel

Access shaft

Escape shaft

YREC

Transport shaft 2

IP2 / 1P4

RF auxiliary tunnel

ﬂ Access tunnel

Cryogenic hall Transport shaft

Low level and solid-state amplifier hall

Power source hall

‘5% : /...,

Cooling water hall

Collider ring tunnel

SppC Experimental Hall

Escape shaft

60 X40X40m

%‘E



CEPC-SppC Tunnel Cross Sections

Tunnel cross section at arc-section
Width: 6,000 mm. Height: 4,800 mm.

Outside of the ring

4800

425

m— \Igside of the ring
\\
Valve box
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Tunnel cross section at RF-section
Width: 8,000 mm. Height: 5,500 mm.
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Mini-review workshop of CEPC-SPPC CDR
(Nov. 4-5, 2017)

CEPC-SPPC CDR Mini-review members

Name (alphabetical order)

Anton Bogomyakov BINP Russia
Brian Foster Oxford U. U.K.
Eugene Levichev BINP Russia
Kexin Liu (X 5&#7) PekingU.  China
Ernie Malamud Fermilab USA
Kazuhito Ohmi KEK Japan
Katsunobu Oide CERN / KEK Switzerland
Carlo Pagani U. of Milan / INFN ltaly
John Seeman SLAC USA
Sergey Sinyatkin BINP Russia
Mike Sullivan SLAC USA
Chuanxiang Tang (JE{£4%) Tsinghua U.China

Lin Wang (F#) USTC China
Xiangqgi Wang (T Ai%E) USTC China

Akira Yamamoto KEK Japan

Sunday, November 5

08:30 —09:00 SRF Jiyuan Zhai
09:00-09:30 | RF power source Zusheng Zhou
09:30 - 10:00 Cryogenic system Shaopeng Li
10:00-10:30 | Magnet Fusan Chen
10:30-11:00 | Coffee (30)
Informal Mini-Review of CEPC-SPPC CDR
November 4 —5, 2017, IHEP, Main Building, Room A415
Agenda (draft v2. 09/14/2017)
Saturday, November 4
08:30 - 08:35 Welcome Yifang Wang
08:35-09:10 Overview of beam dynamics Chenghui Yu
09:10 - 09:40 Parameters Dou Wang
09:40-10:10 Optics Yiwei Wang
10:10-10:40 Dynamic aperture Yuan Zhang
10:40-11:10 Coffee (30°)
11:10-11:40 Beam-beam Yuan Zhang
11:40-12:10 Instabilities Na Wang
12:10-12:40 | Machine-detector interface Sha Bai
12:40-14:00 Lunch
14:00-14:30 | Injection and extraction Xiaohao Cui
14:30 - 15:00 Booster Tianjian Bian
15:00 —-15:30 Linac and sources Cai Meng
15:30-16:00 Coffee (30)
16:00 - 16:30 Synchrotron radiation Yadong Ding
16:30—-17:00 Overview of SPPC Jingyu Tang
17:00-17:30 SC magnet for SPPC Qingjin Xu
17:30-18:30 Discussion All
19:00 Dinner




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) (Circular collider), in 2018, two more MoUs on SC
magnets and SC Cavity R&D and facbrications

v IHEP-MEPhI (Russia) (Nov 2017)

More than 20 MoU in general
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CEPC International Collaboration Status-2

[
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The first CEPC-SppC international The thhird CEPC-SppC International
Collaboration Workshop Advisory Committee Meeting
Nov 6-8, 2017, IHEP, Bejing Nov 8-9, 2017, Beijing

http://indico.ihep.ac.cn/event/6618
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ICFA Mini Workshop on Dynamics Aperture
of Circular Accelerators

ICFA Mini-Workshop on

Dynamic Apertures of Circular Accelerators

B
. /
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=8 o e g ! Srmros
.

November 01-03, 2017 IHEP, Beijing, China
http://indico.ihep.ac.cn/event/7021/

International Program Committee:

Ralph Assmann (DESY, Germany) Olivier Napoly (CEA, France)

Michael Benedikt (CERN, Swiss) Qing Qin (IHEP, China)

Marica Biagini (INFN-LNF, Italy) Pantaleo Raimondi (ESRF, France)

Michael Borland (ANL, USA) Leonid Rivkin (PSI, Swiss)

Yongho Chin (KEK, Japan) John Seeman (SLAC, USA)

Jie Gao (IHEP, China, Chair) Hitoshi Tanaka (Spring8, Japan)

In Soo Ko (PAL, Korea) Richard Walker (Diamond, UK)

Greg LeBlanc (Au Syn, Au) Lin Wang (Hefei, China)

Derun Li (LBNL, USA) Ferdinand Willeke (BNL, USA)

Simon C. Leemann (LBNL, USA) Jiawen Xia (IMP, China) . . .
e 40 participants from USA, Russia,
Ming-Chyuan Lin (TPS, Taiwan) Zhentang Zhao (SINAP, China)

Laurent Nadolski (Soleil, France) Yuhong Zhang (JLab, USA) SWiSS’ J a pa n’ F ra n Ce’ KO rea’ Ch i n a veey

Sergei Nagaitsev (FNAL/UChicago, USA) Frank Zimmermann (CERN, Swiss)

Scientific Secretaries: Workshop Email: Conce nt rati ng the key bea m dyna mic
Song Jin, Nan Song, Lin Bian, DA2017@ihep.ac.cn,

Dou Wang, Yiwei Wang, Zhe Duan jinsong@ihep.ac.cn (Scientific Secretary) a pe rt u re p ro b I e m fo r C E P C a | SO e
Experts from pp, e+e-, ep, eA, light

http://indico.ihep.ac.cn/event/7021/  source, damping ring for ILC....




CEPC Industrial Promotion Consortium (CIPC)

1) Superconduting materials (for cavity
and for magnets)
.= 2) Superconductiong cavities
"~ 3) Cryomodules
.8 4) Cryogenics
5) Klystrons
6) Vacuum technologies
7) Electronics
== 8) SRF
== 9) Power sources
' 10) Civil engineering
11) Precise machinary.....

Established in Nov. 7 , 2017

More than 40 companies joined in first
phase of CIPC,
and more will join later....



CEPC Funding

HEP seed money

11 M RMB/3 years (2015-2017)

R&D Funding - NSFC

Increasing support for CEPC D+RDby NSFC MERR:

S projects (2015); 7 projects(2016)

EIRE R # &%

o FY 2016

Ministry of Science and Technology
Requested 45M RMB; 36M RMB approved
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~60M RMB CAS-Beijing fund, talent program

~500M RMB Beijing fund (light source)

MIEWEGRS

year 2017 funding request (45M) to MOST
and other agencies under preparation

funding needs for carrying out CEPC design and
R&D should be fully met by end of 2018
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IHEP ILC Collaboration

IHEP ILC R&D domain:

Since 2005 IHEP accelerator center has setup ILC collaboration group and since 2010 ILC group
with administration nature has been established also, which guaranteed the smooth progress of
China’s participation of ILC international collaboration. The main R&D domais which IHEP
participated are as following as shown in Fig. 3.

1) ILC250 GeV and ILC500 GeV parameter optimization design

3) ILC SC accelerator technologies

2) ILC ATF2 beam dynamics and hardwares

4) ILC damping ring design and technologies

5) ILC final focus optimization design and beam-beam effect study

6) ILC positron source target thermodynamics study and polarization source

7) ILC power source: Marx modulator

Damping Rings Polarised electron

source
Ring to Main Linac (RTML) '
(inc. bunch compressors)

e+ Main Linac

Beﬂm Delivery
Polarised  System (BDS) &  Beam dump

positron physics detectors
source

e- Main Linac

[T -

Fig. 3: IHEP ILC collaboration domains
Achievement of IHEP on ILC collaboration:

Since 2005 IHEP participated ILC ATF2 collaboration and fabricated all ATF2 beam line magnets,
such as dipole and quadupoles, as shown in Fig. 4. In 2008, IHEP ILC group first demonstrated
that on ATF2 the beam size has the potential to reach 20nm instead of 37nm, and due to this
|mportant result, ATF2 became a final focus facility not only for ILC but also for CLIC.

Fig. 4: ILC ATF2 beam line magnets Fig. 5 AFT2 design and beam dynamics studies

Since 2005, IHEP ILC group started to make R&D on 1.3GHz superconducting cavities, from single
cell to 9 cell, from fine grain to large grain niobium, from low loss shape, to TELSLA-like, and to
TESLA cavities shapes, IHEP becomes the Institute which covers the whole range of the cavity types
and materials, as shown in Fig. 5. In addition to cavity R&D, IHEP conducted ILC cryomodule study
with both a 1.3GHz single 9cell cavity ILC Test Cryomoulde, including cacity, tunner, high power
coupler, LLRF and cryostate, and 12m cryomodule cold mass industrialization for European X-XFEL
project, as shown in Fig. 6 and 7. In the domain of 1.3GHz ILC rf power source R&D, IHEP ILC group
made industrialization of high power L band Marx modulator and in collaborate with Institute of
Electronics, CAS (IECAS), an ILC type 1.3GHz klystron of 10MW has been also constructed and tested
by IECAS, as shown in Fig. 8. In the domain of ILC damping ring study, IHEP ILC group made a ILC
damping design and made damping fast kicker, as shown in Fig. 9. As for ILC250GeV proposed in
2017, IHEP group made the optimization design for the accelerator parameters.

9-cell TESLA, fine grain
210 :r::;:iym‘:!lh‘o:l; P?E“#Q

24 MVIm by EP

9-cell TESLA-like, fine
e 33 Wl oy b

process and test at KEK

9-cell Low Loss, large

grain cavity with H

2012 309 MVIm by EP, process
and test at FNAL

9-cell low-loss, large

2010 grain cavity without HOM, |
20 MV/m by CP, test at
KEK and JLAB

single cell low-loss large

2008 and fine cavity, max. 40
MV/m by CP. process
and test at KEK

single cell ICHIRO
2006  large grain cavity, max,
48 MV/m by EP

- Saighe e w8 4 0S4

|+ 5w s s

Fig. 8: L band MarX Modulator and ILC 10MW klystron  Fig. 9: ILC damping design and fast kiker



Some Important Political Histories Recalled
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Conclusions

® CEPC 100km CDR physics and accelerator design goals have been
clearly defined

® CEPC Accelerator CDR design goal has been achieved (error needs
to be added in next few months before CDR printing in April 2018)

® Hardware design and key technologies' R&D progress well with
financial funds prior to full TDR phase started in 2018

® CEPC-SppC siting and implementaion progress well

® International collabotaion and collaboration with indusries
progress well

® Young generations played a key role in CEPC team and they are the
key forces to realize the goals



Thanks go to

CEPC accelerator team and international collaborators

Thank you for your attention



