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Higgs: linked to many known
unknowns of the SM

« Hierarchy: From neutrinos to the top
mass, masses differs by 13 orders of 1 7-36127,890,984,789,307,394,520,932,878,928,933,023
magnitude -36,127,890,984,789,307,394,520,932,878,928,917,398
= (125 GeV)? 1 ?

* Naturalness: Fine tuning of the Higgs
mass

- Masses of Higgs and top quark: meta- | s | "
stable of the vacuum o e & A

 Unification?

« Dark matter candidate? primordial
« Not sufficient CP Violation for Matter & ; RET
. Cosmic microwave
Antimatter asymmetry background

Most issues related to Higgs

11/6/2021 TAU 2021 2



Higgs measurement at e+e- & pp

IV CMS Experiment at the LHC, CERN  §
DRUID, RunNum = 0, EventNum = 5401 a recorded: 2012-May-27 23:35:47.274930 GMT

n/Event: 195099 / 137440354

Yield efficiency Comments
Run 1: 10° High Productivity & High background, Relative
LHC ~0(107) Measurements, Limited access to width, exotic ratio,
Run 2/HL: 1078 etc, Direct access to g(ttH), and even g(HHH)
CEPC 10° ~0(1) Clean environment & Absolute measurement,
Percentage level accuracy of Higgs width & Couplings

11/6/2021 TAU 2021 Complem en ta’y 3




Electron Positron Higgs factories

' High-priority future
Initiatives

An electron-positron Higgs factory is the highest-priority next collider. For the

longer term, the European particle physics community has the ambition to operate

a proton-proton collider at the highest achievable energy. Accomplishing these
compelling goals will require innovation and cutting-edge technology:

DELIBERATION DOCUMENT

ON THE 2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

The European Strategy Group

Europ%ar} SLtrategy
Update

11/6/2021

TAU 2021

ILC (a):
FCC (b):
CEPC (c):
CLIC (d):

TDR @ 2013
CDR @ 2019
CDR @ 2018
CDR @ 2013




Key figures of the CEPC-SPPC

e Tunnel ~100 km

« CEPC (90 - 250 GeV)
- Higgs factory: 1M Higgs boson

» Absolute measurements of Higgs boson width and couplings
« Searching for exotic Higgs decay modes (New Physics)
- Z & W factory: ~1 Tera Z boson
» Precision test of the SM
 Rare decay
- Flavor factory: b, c, tau and QCD studies

- SPPC (~100 TeV)

- Direct search for new physics

- Complementary Higgs measurements to CEPC g(HHH), g(Htt)

« Heavy ion, e-p collision... Complemen tary

11/6/2021 TAU 2021
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Detector & Software

Physics
Models

Whlzard ‘¢
Parton

" Pythia
-~ _Fragmentation
o " Fast
 MokkaPlus
‘\'\‘\\.\‘Qg-Simulati/q,n/’"

Simulated
Detector Hits

Nl

- 4-—> Detector Hits

TAU 2021

Physics
Parameters

<>

Physics Object

e

MCParticle — — — “Simulation * —» Reconstricted

Particle

/<>

Tracks & calorimeter hits

>

Full simulation reconstruction Chain functional, iterating/validation with hardware studies



Z—2 muon,'\;\};{;

_ /—2 muon
2 H—>WW*—>eevv
~1%

ZH—4 jets
~50% - ||

S
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= N —— 5 o
: — IRANN T
- AN = 5
'*r/ | NG N Y \
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- B \ X
0% Fpi? [ \ . s
P Ay “ \ - ¢
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AU./0.8 GeV

A.U./0.067 GeV

Reconstructed Hig

0.1

0.1

240Gev
I vvHiggs.Higgs — bb

i
o
@

0 50 100 150
Myiginie [GEV]

0.1

240Gev
| vwHiggs,Higgs—

 Mean 125
| Sigma 0.240

m,,, [GeV]

Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level

AU./0.8 GeV

T T
240Gev
| vwHiggs,Higgs — cc

A.U./0.8 GeV
o
<3
&

0 50 100
mviswble [GeV]

gs Signhat

T 1
240Gev :
[ vwHiggs,Higgs — di-gluon

A.U./0.8 GeV
o
o
o

L B e e

Vs = 240 GeV
B vvH, H -» WW*

L[] ww* - qqaq
L] wwx S qaiv
CL T wwe sy

A.U./0.8 GeV

0 50 100 150
Myigipie [GEV]
-
Vs = 240 GeV
vwH, H —» ZZ*

[JZ — Vis,Z *— Vis
[[1Z — Vis, Z*— Invis
B Z — Invis, Z*— Vis
[[0Z — Invis, Z*— Invis
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T Ll
0 50

Myisipe [GEV]

0 50 100 150

Myisile [GEV]

ures

> 0.05

® L

O [ CEPCCDR

g L VVH, Hoyy

~ 0.041

5 L

< — Baseline
0_03; Intrinsic
0.02
001

80 90 100 110 120
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Bl —sz

Entries/3GeV

Right corner: di-tau mass distribution at qqH events using collinear approximation
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Higgs 4
Final
states

qq,

99

MM, vy

WW, 77,
Zy

70

Quantify the physics potential

Electroweak Fit: S and T Oblique Parameters

Precision of Higgs coupling measurement (7-parameter Fit) A5F " ™ T T T T
3 Current (689 ) e—— 4
= LHC 300/3000 fb~" ] ]
0.10f ]
- s CEPC 240 GeV at 5.6 ab™" wi/wo HL-LHC .
- o 0.05F 1
5 I ]
= [ ]
Ll o}
© ~ 0.00f .
2 [ ]
© [ .
) -0.05F .
@ [ ]
-0.10f ]
- 015h e
-0.15 -0.10 -005 000 005 010 O
Il ffH Kp K¢l K¢ Kg Kw Kt Kz Ky -
L
OVERVIEW OF THE PHYSICS CASE FOR CEPC Observable Current sensitivity Future sensitivity Tera-Z sensitivity
BR(B, — ee) 2.8 x 1077 (CDF) [438] ~ 7 x 1071 (LHCb) [435] ~ few x 10710
Particle Tera-Z Belle IT LHCb BR(B, — uu) 0.7 10°° (LHCb) [437]  ~ 1.6 x 101 (LHCb) [435] ~ fow x 10710
b hadrons BR(Bs — 77) 5.2 x 1073 (LHCb) [441] ~ 5 x 10~ (LHCb) [435] ~ 1075
Bt 6 x 1010 3 x 101°(50ab~' on T(4S5)) 3 x 10% Ry, Rg- ~ 10% (LHCb) [443, 444] ~few% (LHCb/Belle II) [435, 442] ~few %
BO 6 x 1010 3% 10 (50ab ' on T(45)) 3 x 103 BR(B — K*77) - ~107° (Belle II) [442] ~107°
B, 2 % 1010 3% 10% (5ab~!on Y(55)) ] % 1012 BR(B — K*vv) 4.0 x 107° (Belle) [449] ~ 1079 (Belle II) [442] ~ 1076
b baryons 1 % 1010 1% 1013 BR(B, — ¢vp) 1.0 x 1073 (LEP) [452] - ~ 1076
Ay 1 x 1010 1% 1013 BR(Ab — Avﬂ) - - ~ 1076
had BR(7 — u7) 4.4 x 10~% (BaBar) [475] ~ 1079 (Belle II) [442] ~ 1077
o hadrons . BR(r — 3u) 2.1 % 105 (Belle) [476]  ~ few x 107 (Belle II) [442]  ~ few x 1010
g . 2 x 1310 i 3.9 x 10~* (BaBar) [464] ~ 1073 (Belle 1) [442] ~ 107
. * 10 BR(Z — pe) 7.5 x 1077 (ATLAS) [471] ~ 1078 (ATLAS/CMS) ~ 1079 — 10711
Di 3% 1010 BR(Z — Te) 9.8 x 1075 (LEP) [469] ~ 107% (ATLAS/CMS) ~ 1078 — 10711
Al 2x 10 BR(Z — Tu) 1.2 x 1073 (LEP) [470] ~ 107% (ATLAS/CMS) ~ 1078 — 1070
Tt 3 x 1010 5 x 10 (50ab~" on T(45))

11/6/2021
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Table 2.5: Order of magnitude estimates of the sensitivity to a number of key observables for which the tera-Z factory at CEPC might have interesting capabilities.

The expected future sensitivities assume luminosities of 50 fb—* at LHCb, 50ab—" at Belle II, and 3ab—' at ATLAS and CMS. For the tera-Z factory of CEPC we

have assumed the production of 10'? Z bosons.

TAU 2021
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Taus at the CEPC

Leptonic: Semi-Leptonic:
ZH, Z—lllvv, H-T1T1 ZH, Z—qq, H-T1T
L—TT WW-—-1vqq

 Finding Tau
» Specify Tau decay product

11/6/2021 TAU 2021

Full-Hadronic:

Z—qq—oT + X

/ .
F A .
1 X

10



Taus at the CEPC

Semi-Leptonic: Full-Hadronic:
¥ ZH, Z—qq, H-TT Z—qg—T + X
A WW-—-1vqq

TAURUS (Tau ReconstrUction toolS):
an overall efficiency*purity higher than 70% is achieved for qq1T, and gqqrv events

TAURUS/Specify Tau decay product

11/6/2021 TAU 2021 11



Benchmarks

4
V4
(a) Z — qq.H — vt with two hadronic decay. (b) WW — tvgq with one leptonic decay.
~ *
(¢c) Z — bb, B, — tv with one hadronic dacay. (d) Z — bb, By — 71 with two hadronic decay mixed

together.

11/6/2021 TAU 2021 12



11/6/202°

(a) Z — qq.H — 17, efficiency=1, purity=1

@ 3[ GEPC 2020
[4)] |
> Z—qq; H—1t
< |
<L2.5 -
m |
O I Reco EMC=1
a 2
1.5}
1
| @ MC Trutt
0'5; A Tagged
0 -2 1 2 3
Azimuth Angle ¢

(c) Z — bb, B, — tv, efficiency=1, purity=0.5

@ 3f CEPC 2020
Q |
> F B,—1tv
c I
<2.5
© [ A
o [
o 2_ L
E Heco”EMC_‘I
1.5¢
1
[ | @ MC Truth
0.5 T x Tagged
0 - 123
Azimuth Angle ¢

@ 3f CEPC 2020
()] |
> WW-1vaq
c [ n
<25
5 | Enec/Euc=1.06
o [
a2
1.5}
- ® MC Truth
1 +-Tagged
0.5}
o

-3 -2 -1 0 1 2 3
Azimuth Angle ¢

(b) WW — 1vgq, efliciency=1, purity=1

CEPC 2020

le

Bs—11

A

Al
® MC Truth

Polar Angle 6
N
(9]

Im\ T 1 I' T 1.1

A Tagged

—
I'CJ-II T 1

A

05: =
L |

Eroce/F1yc=0-99

Reco’

3210123
Azimuth Angle ¢

13
(d) Z — bb. By — 11, efficiency=0.5, purity=0.167



qqH, H—-11 @ 240GeV:
eff ~ 80%, purity ~ 85%

o 1 CEPC 2080 ] | = > 1 GEPC 2020 |1 2
o q@HH —»c] > o | q@HH—>1wt] S
k=] i a O | /--..._________: | o
=0.9 10.9 £=0.91 2 10.9
T / = ' N O \, ]
: — =\ : s |
0.8f /8 \ lo.8 0.8} / 10.8
[ / —Eﬁiciki ] I — Efficiency |
0.7} 10.7 0.7y 10.7
i / — Purity \: ] i — Purity ]
0.6} lo.6 0.6 10.6
0575 0 o5 1 > 05520 20 0 _s80 _ _°°
cos(8) E.isive[GEV]
(a) Efficiency and purity performance along with polar (b) Efficiency and purity performance along with vis-
angle 6, parameters fixed. ible energy. The performance above 80 GeV falls as a

result of stringent cone selection.
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WW-—-1tvqq @ 240GeV.
eff ~ 80%, purity ~ 85%

1

y

& | CEPC2020 |' 2 %) T Cepc2020 |' 2
_§ NW—)'cquE ) _% WW—)T\quE E
£0.9 0.9 £0.9 0.9
wr ] Wl —— ] ]
0.8 s St //}\."\-: lo.s 0.8f AN lo.
[ : | [ \, |
I — Efficiency | | [ — Efficnency' ]
0.7~ -+ \—10.7 0.7} lo.7
i — Purity 1 i — Purity 1
0.6} - lo.6 0.6} lo.6
0537~ 5 0 05 1 °° 05"20 20 e _s80 _ _°°
cos(0) E,isivelGEV]
(a) Efficiency and purity performance along with polar (b) Efficiency and purity performance along with vis-
angle 6, parameters fixed. ible energy
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(a) Efficiency and purity performance along with polar
angle 6, parameters fixed.

11/6/2021

o 1 CEPC 2020 |
QCJ B, —itv -
o T
+=0.8
L |
_"\I
0.6 >
: —Eﬁiciean
0.4
I — Purity \
0.2}
0" 0 05 1
cos(0)

0.8

los

lo.a

lo.2

o

Purity

ible energy

TAU 2021

> 1 CEPC 2420
EJ B, —itv 1
'90 8- ________ .__,...-F""':_-_-_-
[ — Efficiency
7 —
I — Purity
0.2
o= 5_ 20
E.isive[GEV]

Z—bb, Bc—1v @ 91.2 GeV:
eff ~ 60%, purity ~ 75%

0.8

lo.6

lo.a

lo.2

Jo

Purity

(b) Efficiency and purity performance along with vis-
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Z—bb, Bs—>11 @ 91.2 GeV.
eff ~ 25%, purity ~ 30%

o 1 CEPC 2020 _1 2 2} 1_ CEPC2d20 |' &
% By —itT 1 D:_} _% [ Bs—vr*t: n:_»
£0.8 0.8 £0.8 0.8
L LL I
0.6 0.6 0.6 0.6
: — Efficiency : [ = Efficiency; -
0.4 0.4 0.4 s : 0.4
| :--—._L.____:_.____.:_._+:—Eu"-i'w‘"'i*\: ] | / - Pul’i'ly i
: — : F > -
0.2]—/ N -0.2 0.2 it 0.2
OI-1HH-0.5HH0HII0.5HH1I0 0= 5 10 15_ |20IO
cos(6) Eisie[GeV]
(a) Efficiency and purity performance along with polar (b) Efficiency and purity performance along with vis-
angle 6, parameters fixed. ible energy
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Signal strength measurement of qqH,
H-1T @ 240 GeV

1062!IIII!IIII!IIII!IIII!IIIISE

10°
10°

10° -

Entries/3GeV
Entries/3GeV

| 1 | | i 1 1 1 | | 1 | | | | | | | |
1 0 50 100 150 200 250 1
M. {GeV]

||||| I'I|||1

0 50 100 150 200 250
Myo[GeV]

Invariant mass of di-tau: collinear approximation that assumes the neutrinos aligns with the
direction of visible tau decay product
11/6/2021 TAU 2021 18
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Regular Article - Experimental Physics

The measurement of the H — 7 7 signal strength in the future
ete™ Higgs factories

Dan Yu!, Mangqi Ruan'?, Vincent Boudryz, Henri Videau?, Jean-Claude Brient?, Zhigang Wul, Qun Ouyang],
Yue Xu’, Xin Chen’
I IHEP, Beijing, China

2 LLR. Ecole Polytechnique, Palaiseau, France
3 Tsinghua University, Beijing, China
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5000 [ |
WwW  —Others
Table9 Extrapolated accuracy §(o x BR )/(c x BR) in the ILC 250 GeV 4000 i o ]
(2000 fb1)
> [ <
CEPC ILC(L ILC(R = =
O ®) & 3000~ &
7] B o
Luminosity (ab~1) 5.6 2 2 2 i 2
= | Q
Polarization (e~ e¥) - (0.8, —0.3) (—0.8,0.3) i 2000 |- 4 < I A ]
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olia JII"HJ-E-' 0|:|||_|
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Bc->Tauv

BT T LT

c

sl S -

0.2 [

0.0—

Im [Cy.]

Lp4s

Signal hemisphere 1 N ——
v & -
F o
= |
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o E
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b-hadron E
jet i
Kl 7 non-b jet/soft tracks 10k
b-hadron jet thrust axis -
Tag hemisphere 102 L

Chinese Physics C  Vol. 45, No. 2 (2021)

10!

Analysis of B, — 7v, at CEPC*

Taifan Zheng(AiE)  Ji Xu(##)  LuCao(&8%)’ Dan Yu(T#H)' Wei Wang(£45)°  Soeren Prell’
Yeuk-Kwan E. Cheung(?lﬁ%ﬁf)l Mangqi Ruan(ﬁ)f%ﬁ‘)“

'School of Physics, Nanjing University, Nanjing 210023, China
’INPAC, SKLPPC, MOE KLPPC, School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China
Insmul der Friedrich-Wilhelms-Universitit Bonn, 53115 Bonn, Germany
“Institute of High Energy Physics, Beijing 100049, China
D of Physics and A lowa State University, Ames, IA, USA

s

Abstract: Precise determination of the B — Tv; branching ratio provides an advantageous opportunity for under-
standing the electroweak structure of the Standard Model, measuring the CKM matrix element |V,3|, and probing
new physics models. In this paper, we discuss the potential of measuring the process B, — 7v; with t decaying
leptonically at the proposed Circular Electron Positron Collider (CEPC). We conclude that during the Z pole opera-
tion, the channel signal can achieve five-o significance with ~ 10° Z decays, and the signal strength accuracies for
B, — 7v; can reach around 1% level at the nominal CEPC Z pole statistics of one trillion Z decays, assuming the
total B, = vy yield is 3.6 x 106. Our theoretical analysis indicates the accuracy could provide a strong constraint on
the general effective Hamiltonian for the b — crv transition. If the total B, yield can be determined to O(1%) level
of accuracy in the future, these results also imply |V| could be measured up to O(1%) level of accuracy.
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Taifan, etc, Accept
Collaborate with Wei

Xt
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Fig. 10. (color online) Constraints on the real and imagin-
ary parts of Cy,. The red shaded area corresponds to the cur-
rent constraints using available data on b — crv decays. If the
central values in Eq. (9) remain while the uncertainty in
I(Bf = 1*v;) is reduced to 1%, the allowed region for Cy,
shrinks to the dark-blue regions. )



LFU Test with 6 — s77 Measurements

More details in the published work (arXiv:2012.00665)
[Li and Liu(2020)]

Fake 37 vertex from
Dﬂ;) — 7ErErT 4+ X decays:

Properties Decay Mode BR
. m = 1.777 GeV rtrtnFy 9.3%
n et = 87.0 pm rErEataly 4.6%
' v 5.5%
ntatgFal 0.6%
D+ :;_ B 11§f8 I(T.ieV e S Y b 4.6%
N . TErtrT K 0.3%
+ +, _F rrrtaTe 1.2%
Use 7 = m=n~ 7"V 2 01%
decay to locate each D= | er = 311 pm o, L
y N H rrrtr T K 3.0%

vertex

Lingfeng Li LFU Tests and Rare B Decays Dec. 18, 2020



Sensitive to VT X Performance

. : 0010 SRR e e R e e R R R R R
0.6 m ] DB Bellell |
: : L DLHCb .................................................................................... .
o8 - 000 maigaz g g
2 o (B Tera-Z | SRS
g 0.4 E 10_4; [ 10xTera-Z
*g;’ 1 O Ty
003 742, LT TR g TR B R
ks - 2z 10 5
2 0.2 @ N B A SR
P [ | ;O YL LN i Ciiiirriiiiiiiiiiios iirriiiiiiiiics
: 2 10
0.1} — -_ B OO R g
ﬁ:— | 10‘7?-- ...........................................
0-0°0 12 14 16 18 20 22 24 :

m; [GeV] B'>K®P1r  Byo¢rtr B*->K'tt B> 11

Contamination of D decay that mimics tau 3-prong decay; LINGFENG @ HKIAS
reconstruction accuracy V.S final accuracy: ideal, 1, 2, 5, 10um resolution
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B Anomalies Indicating LFUV

20 Ayx* = 1.0 contours E
e 0 z_ e BaBarl2 _E
* . o :_ T.H(“.ITS _:
<ol . . | — . ]
& ¥ I ‘ 0.25 :_ 7 Belle15 _:
05 |1 : . E Bellel7 World ,'\\‘c1:=tgc - 7
|_§_| Data for B” and B+ modes 02— -]-ﬁﬁrgl;a:gg;ggsgdo %rcn'e;iictions ﬁﬁ-ﬁ%}ttfﬁ&iﬁfﬁffﬂf&és ]
Il SWM prediction [ RDy-oasszoos 'P?:: o
0.0 ‘ 0.2 0.3 0.4 0.5
0 5 10 15 20 R(D)
¢° (GeV?/c?)
Experimental SM Prediction Comments
Ry 0.74575074 £0.036  1.00 £0.01  my € [1.0,6.0] GeV?, via B~.
R+ 0.6970 52 0.996 & 0.002  my € [1.1,6.0] GeV?, via BY.
Rp 0.340 £ 0.030 0.299 £+ 0.003 B° and B* combined.
Rp- 0.295 £+ 0.014 0.258 £+ 0.005 B° and B* combined.

Ry 0.7140.1740.18

0.25-0.28

[Tanabashi et al., 2018][Altmannshofer et al., 2018].

Flavor Physics @ CEPC

Lingfeng Li

Aug. 17, 2021 7



Current Progress in LFU Tests (I1)

JH

- ]1 = = =

| @ Preliminary: 9 effective
EE . F channels:(R;/y, Rp,,

, S Rp«, Ry, B. — v,

| @ ‘- B — Kvi, B, — ovv,
*f . . BO — KTT,

Bt - Ktrr

@ - ) By — 77...)

- ! rl

i o - A JH Hh : Dim-6 SMEFT basis at
i @ - | @ @ ﬂ NP scale A=3 TeV.

| @ - o ®| ® JJL

Lingfeng Li Flavor Physics @ CEPC Aug. 17, 2021 9



Lepton Flavor Violation (I1)

Up limit of Br(Z—l I )~o( 1E-9)

M Z-Ty WRT >y WRT o pgee WRT— oy ATy WET Uy
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~(1) ur N8 pr YT e
(293{' ('2.\.:." Qﬁ"‘!’ sz
'1! it ]1
: - oo cee :
BRI(Z < re)= 10" 1l mmrome
- - = PR (Z re )= 10 1l T— X 1
- = BR(Z—=T1)1= 10"
10"} e v« BR(Z=Te)=10 (107"
=% 10
J
1073

-107° -1073

~eceT “eceT
(‘{'l" (‘ i

-107"

[Calibbi et al., 2021] 2107.10273



Summary

« CEPC, a precision & upgradable Higgs/W/Z factory, and a Discover machine!

- Boost the Higgs/EW precision by ~ 10 times w.r.t HL-LHC/current boundary
- Huge potential on QCD, Flavor, BSM

« Tauis critical for CEPC physics: we estimated the accuracy for multiple physics
benchmarks with tau in their final states

- Higgs—tautau; relative accuracy of 0.8%
- Z—bb, Bc—Tauv; relative accuracy of o(1%)
- Z—bb, b—stautau; sensitive to Br ~ 1E-6

* A dedicated tau finding algorithm, TAURUS has been developed at the CEPC
baseline detector. It has a tau finding performance of:

- Efficiency of 80% and purity of 85% at qqH, H->tautau and WW->tauvqq events.
- Efficiency of 60% and purity of 75% at Z->bb, Bc->Tauv events.
- Efficiency of 25% and purity of 30% at Z->bb, Bs->Tautau events.

13/7/2021 First TB Physics WS@Lhasa 26
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LFV from Z & Tau decays

Lorenzo Calibbi, 2107.10273

Mode LEP bound (95% CL) LHC bound (95% CL) CEPC/FCC-ee exp.

BR(Z — pe) 1.7x 1075 |2 7.5 x 1077 [3] 10=% 10710
BR(Z — Te) 9.8 x 107¢ [2] 5.0 x 1076 [4, 5] 10~°
BR(Z — 1) 1.2 x107° [6] 6.5 x 107% [4, 5] 107°

Table 1: Current upper limits on LFV Z decays from LEP and LHC experiments and expected

sensitivity of a Tera Z factory as estimated in [7] assuming 3 x 10'? visible Z decays.
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Current Progress in LFU Tests

signal-hemisphere K+

Signal hemisphere
v K-
1|;-’0inf of "’
N closest ; r P ¢ ; el 1}
[SF \B, ey
— — O] PSS >0«
b-hadron ’ AB° =
jet
’/’ non-b jet/soft tracks
b-hadron jet thrust axis
bfi'lrust
Tag hemisphere tag-hemisphere
Neutral current b — s771 =
Charged current B, — Tv _ : Neutral current Bs — ¢vv
decays [Li and Liu, 2020]. decay [In preparation]
decays [Zheng et al., 2020b]. o IR
st < —6. . . .
Absolute precision < 107 °: Absolute precision ~ 10~7.

104 :
Absolute precision ~ 10~ =, ~ 103 — 104 improvement from
current limits.

Unique opportunities at the Z-pole

Lingfeng Li Flavor Physics @ CEPC Aug. 17, 2021 8/15



The Higgs field: one of the two pillars of

11/6/2021 TAU 2021 30



Timeline

CEPC Project Timeline
O ] O
2 v % >
& ¥ D v
Pre-
Construction SPPC
Construction (pp/ep/eA)
t
* Release of accelerator TDR
* Site selection, engineering design,
§ technology & system verification * Tunnel and infrastructure construction
g * MoU, international collaboration * Accelerator components production;
8 Installation, alignment, calibrationand
& - 2016.6 R%Dfunded by MOST commissioning
. S i I ..
g_, 2018.5 1% Workshop outside of China  Decision on detectors and release of
o] * 2018.11 Release of CDR detector TDRs; Construction,
. 2013.9 Project kick-off meeting installation and commissioning
* 2015.3 Release of Pre-CDR

* 2018.2 1°* 10T SC dipole magnet * 20 TSC dipole magnet R&D with
NbsSn+HTS or HTS

* 15 TSC dipole magnet & HTS cable R&D

HTS Magnet R&D Program

11/6/2021 TAU 2021 31



CDR released in Nov. 2018

CEPC
Conceplual Design Report

Conceptual Design Report

Volume Il - Physics & Detector

Volume | - Accelerator

The CEPC Study Group The CEPC Study Group
August 2018 October 2018

« Baseline designs for the Accelerator, Detector & Software
- Subsystems' designs supported with Prototype construction & test

* Physics potential
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CEPC Accelerator Baseline Layout

Electron Ring

Positron Ring

Injection energy 10GeV

Linac

CEPC collider ring (100km) CEPC booster ring (100km)
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CEPC CDR Parameters D. Wang

Higgs W Z 3T) Z QT)
Number of IPs 2
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/turn (GeV) 1.73 0.34 0.036
Crossing angle at IP (mrad) Gy
Piwinski angle 2.58 7.0 23.8
Number of particles/bunch N, (1019) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68us) 1524 (0.21ps) 12000 (25ns+10%gap)
Beam current (mA) 17.4 87.9 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compact (10-5) 1.11
B function at IP B.*/ B * (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance g/g, (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016
Beam size at IP ¢, /o, (um) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters &£/, 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072
RF voltage V- (GV) 24K 0.47 0.10
RF frequency f z» (MHz) (harmonic) 650 (216816)
Natural bunch length o. (mm) 2.72 2.98 2.42
Bunch length . (mm) 3.26 5.9 8.5
HOM power/cavity (2 cell) (kw) 0.54 0.75 1.94
Natural energy spread (%) 0.1 0.066 0.038
Energy acceptance requirement (%) 1.35 0.4 0.23
Energy acceptance by RF (%) 2.06 1.47 1.7
Photon number due to beamstrahlung 0.1 0.05 0.023
Lifetime simulation (min) 100
Lifetime (hour) 0.67 1.4 4.0 | 2.1
F (hour glass) 0.89 0.94 0.99
Luminosity/IP L (1034cm-2s1) 2.93 10.1 16.6 321




Recent Progresses

e Pursue higher luminosity... and develop upgrading plan to 360 GeV
center of mass energies

 Accelerator Critical R&D

- SRF
- Klystron
- High Temperature Iron Based Super Conductor & Magnets

« Detector & Software innovative R&D
* Physics studies: white papers, etc

11/6/2021 TAU 2021
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