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CEPC 4123 CER

o AL IE Th BB FX4&E4| (Circular Electron Positron Collider, CEPC)
« {EJ5 Higgs/Z/W T
~ 4M Higgs boson / 4T Z boson / 100M W boson
« 9100 NEAK, HEZLINER/IERES/EFIRAAK
* RIETH 10 5, REKJHLRAKA SppC
- 2018 F MM RitikReE (COR) , IEERMIEERARITIRE (TDR)

» 100 km collider and booster ring

For More Information about CEPC, please refer to Haijun’s talk here ~
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Higgs | W lzon | zen
Number of IPs 2
Beam energy (GeV) 120 I 80 | 455
Circumference (km) 100
Synchrotron radiation
lc;ss turn (GeV) L13 0:34 0.036
Crossing angle at IP (mrad) 165 <2
Piwinski angle 3.48 7.0 23.8
Particles /bunch N, (10'%) 15.0 12.0 8.0
Bunch number 242 1524 12000 (10% gap)
Bunch spacing (ns) 680 210 25
Beam current (mA) 174 87.9 461.0
Synch. radiation power (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compaction (107%) 1.1
B function atIP 8,*/8,*(m)| 0.36/0.0015 0.36/0.0015 0.2/0.0015] 0.2/0.001
Emittance X'y (nm) 1.21/0.0024 0.54/0.0016 0.18/0.004 | 0.18/0.0016
Beam size at IP i/ (Lum) 20.9/0.06 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters & /5 | 0.018/0.109 0.013/0.123 0.004/0.06 | 0.004/0.079
RF voltage Vrr(GV) 2.17 0.47 0.10
RF frequency fzr (MHz) 650
Harmonic number 2 16816
Natural bunch length & (mm) 2.72 l

Bunch length & (mm)

Damping time &/ 5/ 7 (ms)

Natural C! hrouutu‘"‘

CDR

Base“ "

363.10/ 365.22

esi9" —

49.5/840.5/4250 |
[-491-1161] -513/-1504

Bemr B 0‘ 8

0.065 0.040 0.028

e} 0.46 0.75 1.94
f‘lﬂ
Natural energy spread (%) 0.100 0.066 0.038
Energy spread (%) 0.134 0.098 0.080
Euer_gy acceptance 135 0.90 0.49
requurement (%)
Energy acceptance by RF (%) 2.06 1.47 1.70
Photon number due to 0.082 0.050 0,023
beamstrahlung
Bemnstmhl_upg hte;tnug $0/30 400
quantum _lifetime’ (min)
Lifetime (hour) 0.43 1.4 4.6 | 2.5
F (hour glass) 029 0.94 0.99
L\umnoum 1P (10*cems!) (3 ) 10 17 | 32 )
T include beam-beam simulation andTeal lattice

2022/5/6

20227 &

Higgs | W Z
[Number of Ips 2
Circumference [km] 100.0
SR power per beam [MW] 30
Half crossing angle at IP [mrad] 16.5
Bending radius [km] 10.7
Enerey [GeV] 120 80 45.5
Energy loss per turn [GeV] 9.1 1.8 0.357 0.037
Piwinski angle 5.94 6.08 24.68
Bunch number 35 249 1297 11951
Bunch population [10"10] 20 14 13.5 14
Beam current [mA] 33 16.7 84.1 803.5
Momentum compaction [10"-5] 0.71 0.71 1.43 1.43
Beta functions at IP (bx/by) [m/mm] 1.04/2.7 0.33 0.21/1 0.13/0.9
Emittance (ex/ey) [nm/pm] 1.4/4.7 0.64/1.3 0.87/1.7 27/1.4
Beam size at IP (sigx/sigy) [um/nm] 39/113 15/36 Des\g 35
Bunch length (SR/total) [mm] 22129 224 O\Ied 2.5
Energy spread (SR/total) [%] 0. lﬁ /020 ‘ \mp" v.07/0.14 0.04/
Enerey acceptance (DA/RF) [%] 2 2 o 2 1.2/2.5 1.3.-’1.7
Beam-beam parameters (ksix/ksiy) 0.071 0.015;0.11 0.012/0.113 0.004/0.127
RF voltage [GV] 22 0.7 0.12
RF frequency [MHz] 650 650 650
HOM power per cavity (5/2/1cell)[kw] 1/0.4/0.2 -/1.8/0.9 -/-/5.8
Qx/Qv/Qs 0.12/0.22/0.0788 0.12/0.22/0.049 0.12/0.22/ 0.12/0.22/
Beam lifetime (bb/bs)[min] 39/18 60/717 80/182202
Beam lifetime [min] 12:3 55 80
[Hour glass Factor 09 0.9 0.97
Luminosity per IP[ le34/cm”2/s] C(D 16 (,Lli )
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Introduction — Detector Designs CEP)l

DR Calorimeter 2T Magnet

Particle Flow

g,
A roaCh % Preshower IDEA Concept
( IFI)_F[))-Iike ) g (also proposed
13 DCH RFout = 200 cm for FCC_ee)
Ei DCH Rin = 30 em

CalRin = 250cm

Cal Rout= 450 cm

Yoke 100cm —
Magmet z=+ 300 cm
Drift chamber
. Muon+Yoke Solenoid M t (3T /2T
Si Vertex @ PFA ECal &HCal, e T

. 3 = Transverse Crystal bar ECAL
. a ----= ——mERE S\

Full Silicon
Tracker
(FST) concept

4th Detector
concept

Drift chamber
that is optimized for PID

Si Tracker

Si Vertex

2022/5/6 2022 F FCEPCHRIRE RN AITS, A #EI5(shihy@ihep.ac.cn) 5



CEPC MDI /)44 e

* MDI ACERINEER =5- 10 25 4% H X 18 (Machine

Detector Interface)

* XEX K IR K BB

* WPWER——MPNIEX T .
=/ FiEX L) —%
* 33mrad XX S %

« ‘O RN EX IR IT
- BRTHARRNG—RT
* TDR BIX1EXSEEIE 14m (CDR 2 12m)

\’s

CEPC Interaction Region
v v 1

° iﬁ .L_I_ E 1;)]—_\ 7 “‘\“hDetecto; ,"l{

/
i
\, arccos0.99/
\ /

- BRE, XK S&REER (¥E)
* ZRE/ HIFE/T4EF (/L=

X(mm)

—100

\
A}
\
€c0s0.99
1

—200F LumiCal
Detector \\‘
cin 0 1
300 -6 —4 =2 0 2 4 6
Z(m)
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MDI 3 % 2| B+ 3 % N

Accelerator  IP Feedback : Detector
Central Beam Pipe -

BG Simulation
Vertex Detector

LumiCal
LumiCal

Vacuum Chamber
Silicon Tracker

SR Masks
(hater Ring TPC
QDO0/QF1
Inner Rin Inner Ring Hcal
e Anti-Solenoid
Outer Ring W & Z Mode Outer Ring Ecal
i e ol Cryostats _
Iﬁv.‘r Ring . Inner F‘.H;h:u SO|enO|d
' BPMs
Yoke

CEPC

Instability&Impendance
Muon Detector

Last Banding Magnets Cooling
. Hall
Shielding
BG Simulation&Shielding
Assembly&Supporting
Software Geometry
Alignment
Alignment&Assembly
Connecting System
Electronics
Vacuum pumps
Cryogenic

Collimators Last Bending Magnet

Radiation Protection
Collimators

Booster
Control

2022/5/6 2022 F BCEPCHRR B KN AT S, o ooy e e peacecrny 7



X FE X I T 5 K B CER

« XM ABAEIX4> (Acos 0.993 ---> Acos 0.99)
s RN ABIAANZESFEXIE, (Detector Acceptance)
« RN A DM B R FZ T EE
c BHEREZ (RERNEI. RANENENEEFF)
« TEEMRE (INERE. WNFIREN%SE. iF)

{ %B 'ftl: iIJ ﬁj\ S . ' CEI?:‘C Interaf:tion Re?ion
 BNBREE (1) o
N og s Y an - A !

* BT RXXATE, MBELIRRA—I

ol NS

X(mm)

—100F

=200

—300 1 1 a 1 3 L 1
3 -6 —4 -2 0 2 4 6
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300 | | | | T T |
200 |
100
E 0
<
—-100
—200
» N s - . 2 4 6
Z(m)
TDR B ERSTHEX A9SE B2 -7m~7m
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Nz = J7S /'L/:'CW_JE L \_I_

B AR E KCer )

Bl R0 B ==& CEP
100 1 I 1 1 5] I 1 1 1
75 F A

CORIETT TDRI& T
50 F A
LumiCal
BPM

25 p— LumiCal BPM +BPM——

X(mm)

_50 =
_75 - e
_100 1 | 1 1 | 1 1 1
—1.00 —-0.75 —0.50 —-0.25 0.00 0.25 0.50 0.75 1.00
Z(m)

FiEReRR T OXERSEERZ -1.1m~1.1m

2022/5/6
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40 |
20 |
€
e Or
3
_20 L
_40 -
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Z(m)

STRRIEF, L0 ~700 4%, 7R7EARY K
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l
40 l 7
P | SMEE
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l
{
3 |
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l
_20 - I -
l
l
—40 + I .
l
0.0 I 0.1 0.2 9 1 0.4 0.5 0.6 0.7
l Z(m)
1
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L YBEE-PN

A== 12k o
B ——20mm N1, 3 Cir

e fL1F: 28 mm--—-> 20mm (TFE 9.52mm)

AR EEIRF+
o KRN
kS
e EE: 0.15% 5544 E ——0.5mm
e KE: 8mm (PR 70 mm)

° ﬁ/ﬁ;ﬁa

/
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40 -

20

o

X(mm)

—20

—40 F

0.0 0.1 0.2 0.3 0.4
Z(m)

e 12 356mm. HEDIESRE
 BEHER B HOMBMATE
4097.23w->1150.1w
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20 o

X(mm)
o

—20} u

0.1 0.2 0.3 0.4 0.5 0.6

° 'IZ/T)A—E/ n/—.l-\'ﬁ:
c KEZEE. REBEAKRTRABERER
« HOM X2 &: W EHEHTT

2022/5/6 2022 F FCEPCHIRE XN AfiTS, FiEI5(shihy@ihep.ac.cn) 17



\I/_\LI Jos /ILZI/:II;I:%E \ \_I_ f’f{ffpe
H AL E ) IE 1V CLr
I I I I I I !
| | :
40 - | | | -
TLE L SMEE SMEE | ShaEE
|
201 | | | -
! | ,
i ; ,
€ | :
E 0 e . I ]
< : - |
! | ,
I | I
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Be : Al : Al I Al
ApE | ERE : P | s
—-40 _W'T:ZE 20mm W'T:ZE 20mm YI’EJ 20mm I YrE_l 20fhm
B & <0.5mm | | X[a] 20-35mm | X1 35r|nm
0.0 I 01 I 0.3 0.4 0.5 1 0.7
[ | Z(m) |
1 1 "
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« Ak (BHERTESMELNF)
s FRMNTFLEHRARBUX
« WMBFEKR (M=, LumiCal &)
« NER=FERK (BPMEF)
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Backup

2022/5/6

20226F FCEPCHRURE KK TR, AilisI5(shihy@ihep.ac.cn)
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Physics Gains for 20mm Be

* First estimates made with fast simulation and scaling

‘5,(1 i vV S + B - 1 O-L%()z ajeom "'20'1\%15 , i
— _ (o1 o2ty Nscait
M S 1V €-p - (rz—rl) + (rz—rl) +Zf=1 (RjA@f)
0, 015: ] dxy vs momentum (6=60°)
L'U 01 42— P matelrlal budget J : e R ppe=10Mm
. resolution . *— Ryeam pipe=12Mm
0.13- Q. Ruan & Z. Wu i R eanobe” famm | H. Zeng
0 125_ inner raaius “'? ,‘:\_ \1:; . - ks pipe=16mm
T ¥ e S
0.115 B(H->cc) at 16 mm i et
0.1 y
0.09- i E IR = =SS
0.08 . 10 10
a3 * Implement the geometry in
0.061~ . . -
- o simulation and run a full analysis
0.05-

po b b b B Py by b B By
04 06 08 1 12 14 16 1.8 2 : . .
selative scanned parameter to estimate the physics gains

G. Li

2022/5/6 2022F BCEPCHRAE RN AT, AiEI5(shihy@ihep.ac.cn) 21



The cdr beamEiEe design RGP )

Nearly 20 versions tried in since last summer

Beampipe Vacuum Y-Shape Cryostat Chamber
Connector Chamber
Paraffin Cooling Al Water Cooling No Forced Cooling Water Cooling
Be RF Bellows Cu
‘ H. Wang
1210 _ :
I : - i S e ' A
oo oo = —1
a {3‘{ 2 . — /”_‘[ P
. - - s, . 1 _.ﬁi__‘_q—:ﬁl"?'rr I y i == s - a s o o '“.,_,,!TI - ! = ; - |_ - - 525
X s = : i s i
/ " L SRS S T - o ra o = - - “l = ‘; T = ;__.\_.- _
120 L -
IP _— 1521 _
& |
655 == = 1”“"‘7. : i 1
— ' S
700 [ - . e
780 : - 1
805 & _ o
855 ' '
1600
2022/5/6 2022F BCEPCHRAE RN AT, AiEI5(shihy@ihep.ac.cn)
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https://indico.ihep.ac.cn/event/14392/session/14/contribution/11/material/slides/0.pptx

he

~_The new central beampipe design (&

* If we still keep the cylinder design, the HOM heat would be

unacceptable: P: H/W/Z/tt: 84.78w/413.6w/4097.23w/23.54w

Position
Start-end
(mm)

Yudong Liu

W (w) ttbar (w)

& (w/cm?2) & (w/cm?)

Be pipe (w)

Be pipe transition(w)
Transition pipe (w)
Transition (w)

RVC bellow (w)
Transition on Y-crotch
Y- crotch (w)
Quadrupole pipe(w)
Total

2022/4/13

0-85
85-130
130-655
655-700
700-780
780-805
805-855
855-1100
0-1100

Be
Al
Al
Al
Cu
Cu
Cu
Cu

85
45
525
45
80
25
50
245
1100

3.99&0.075 19.72&0.369 195.16 & 3.65 1.10& 0.021
2.17 & 0.077 10.41&0.368 103.34&3.66 0.61 &0.021
24.90 & 0.055 121.70 & 0.268 1205.51 & 2.66 6.91 & 0.015
2.17 & 0.044 10.41 &0.210 103.34&2.09 0.61&0.012
1.85&0.021 8.93&0.102 88.24&1.00 0.50& 0.006

0.57 & 0.02 2.77 & 0.095 27.61&0.95 0.18 & 0.006
1.18 &0.016 555&0.076 55.15&0.75 0.32 &0.004
5.59&0.017 27.30&0.085 270.33&0.84 1.53&0.005
42.39 &0.039 206.80 & 0.189 2048.69 & 1.87 11.76 & 0.011

CEPC Physics and Detector Plenary Meeting, H.SHI 23
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Position
Start-end

- 0002 ©

region: Racetrack (including materials)& power distribution

&=
0,=5mm: Two beam in the IR

Loss factor Trap in IR @k_trap: 0.032v/pc

Yudong Liu

Puap: H/W/Z/tt: 23.8w/116.1w/1150.1w/6.61w

ttbar (w)
& (w/cm?)

Be pipe (w)

Be pipe transition(w)
Transition pipe (w)
Transition (w)

RVC bellow (w)
Transition on Y-crotch
Y- crotch (w)
Quadrupole pipe(w)

Total 2022/4/13

(mm)
0-85
85-130
130-655
655-700
700-780
780-805
805-855
855-1100
0-1100

Be
Al
Al
Al
Cu
Cu
Cu
Cu

85
45
525
45
80
25
50
245

1.12 & 0.02
0.61 & 0.02
6.99 & 0.017
0.61 & 0.014
0.52 & 0.007
0.16 & 0.007
0.33 & 0.005
1.57 & 0.005

5.535 & 0.104
2.923 & 0.104
34.16 & 0.085
2.923 & 0.069
2.508 & 0.035
0.778 & 0.031
1.557 & 0.024
7.663 & 0.024

SCETETI00™ 11798 10:012 ' '58.05 & 0.057

54.781 & 1.02
29.008 & 1.02
338.39 & 0.83
29.008 & 0.69
24.77 & 0.33
7.7492 & 0.31
15.481 & 0.24
75.883 & 0.24
575.07 & 0.57

0.31 & 0.005
0.17 & 0.007
1.94 & 0.005
0.17 & 0.003
0.14 & 0.002
0.05 & 0.002
0.09 & 0.002
0.43 & 0.002
3.3°& 0.003
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The new LumiCal position (CEr

Suen Hou

BHIlumi X-section £

Electron @ 15 mRad BSAMplRE-~ 0.3 %050 358
flat beam pipe, y= 210 mm

Distance dz in beampipe=
1.35/tan(0.015 mRad) = 90 mm

o Electrons at &,,,, = 15 mRad
needs a Si-layer attached on beam-pipe
to minimize multiple scattering expansion

o(Z) ~200 um, o(8) ~ 20 uRad,

Bhlumi counting electrons in
fiducial region atz=1m

“100,56°60-60-40-20 O 20 40 66 80 100

Lab round r>20 mRad, |y|[>20 mm

x (mm) O Inner tracker region z = 400~700 mm
CMS 10~ 80 mRad LAB detect ONE electron LAB detect both electrons (8 range 15 ~35 mRad)
BAREL R>20 mRad R>20 mRad R>20 mRad R>20 mRad multiple scattering ofr) =5~10 um
full phi coverage | cut off £20mm | full phi coverage | cut off 120 mm rtical Si-l r"’
Nevents | 457232 274420 53724 93311 51360 Use verucar Si-tayers
Xsec (nb) [ 1168.3 701.2 137.3 238.4 131.2 . . Z_mimlf
Lab round r>15 mRad, |y|>15 mm i -
CMS 10~ 80 mRad LAB ONE electron LAB both electrons LYSO
BARES R>15 mRad R>15 mRad R>15 mRad R>15 mRad
full phi coverage | cut off t15mm | full phi covearge | cut off $15mm .
Nevents | 457232 330952 100152 204263 96221
Xsec (nb) | 1168.3 845.6 255.9 521.9 245.9 19
1
Alignment error less than 1
2022/4/13

CEPC Physics and Detector Plenary Meeting, H.SHI
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in Lab frame of ©
=» X-section ~250 nb

(need detailed GEANT study)

- fiducial range cut off x-axis for mechanical and probes
- Si-layers outside Flange
two horizental flat layers upon/below beam-pipe =» 6. edge

o LumiCal simplified

vertical layers to beampipe for © coverage

p -L- s - -. _. - - ..-_
'

Si behind Flange

Si front LYSO

2022/4/13

o Bhabha cross-section with both electrons detected
>15 mRad, |y|>15mm

= 100
.E- 807, 5
P G03 s { i
al /N
L | ege
20 = _:/

-40
-60
-80
=100

Suen Hou

-100-80-60-40-20 0 20 40 60 80100 2()

The new central beampipe design Cer

Summary, tube-pipe
Fixed r,= t10mm, split-x to dual-pipes

* HOM and LumiCal both
prefer the racetrack
design

e LumiCal wants to change
the material to Al as
much as possible

* I[P BPM will be added to
single beampipe part

CEPC Physics and Detector Plenary Meeting, H.SHI 26
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