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Intro: What’s CEPC?

CEPC Project Timeline
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Flavor Physics at CEPC

Channel Belle Il LHCb Giga-Z CEPC (Tera-2)
BY, B" 53x100 ~6x10 1.2x10° 1.2 x 10T
+ 3 10 n 13 8 11
7 Factorv O Flavor Factor Bt 56x101% ~6x10 1.2 x 10 1.2 x 10
y = y Bs, B  57x10% ~2x10' 3.2x107 3.2 x 1010
. BE - ~4x 101 2.2x10° 2.2 x 108
Particle-ID D Flavor-ID! Ay, Ry - ~2x10% 1.0 x 107 1.0 x 1010
¢, ¢ 2.6 x 1011 > 10 2.4 x 108 2.4 x 1011
T, 9x10% - 7.4 x 107 7.4 x 1010
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» Much higher b quark boost Clean environment
> Di .
» Abundant heavy b hadron Direct missing momenta

measurement
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Key Detector Features for Flavor Physics

Primar verex Tracking sys, grants O(10) fs sensitivity.

Tertiary vertex

» High time precision for CPV measurements.

» Authentic ¢/7 reconstruction inside a jet.

;L > Greater acceptance for displaced signals.

Advanced PID coming from the combination of o Clter Counting  Time of ght (0 ns)
different methods.

drift tube

> Flavor tagging for everything.

A
» Suppressing backgrounds in general. T
» Clean leptonic/baryonic modes. : . -
& Calorimetry gives neutral energy and angular resolution.
x &

& > Better p measurement for neutrinos.

> Excited states such as D} and radiative decays.

» Distinguishing 7°/n..., allowing h®X modes.
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CEPC Workshop 2021 (Flavor Part)

1030 b strlata Tera-z 30"
Speaker: Lingfeng Li (Brown University)
Material: | slides )

1100 Flavor/CPV prospects and opportunities at a Tera-Z 30'
Speaker: Zoltan Ligeti (UC Berkeley)
Material: | Slides )

1130 Lepton ident n and backgrounds for flavor studies at the CEPC 30'
Speaker: Dan YU (IHEP)
Material: | Slides )

1200 Tests of lepton flavor universality at high-energy e+e- colliders 30’
Speaker: Andreas Crivellin (PSI)
1400 Strange jet tagging 30°
Speaker: Yuichiro Nakai (Shanghai Jiao Tang University)
Material: | siides %)
1430 LFV Z decays at a Tera-Z factory 30'
Speaker: Xabier Marcano (Madrid U)
Material: | siides 1)
15:00  Prospects for B, — 71430
Speaker: Yasmine Amhis (LICLab Orsay)
Material: | slides )

1030 Physics analyses and detector requirement study from Benchmark study of B0/Bs->2
pio 24"
Speaker: Yuexin Wang
Material: | Siides %]

10:54  Jet Charge Reconstruction based on leading jet charged particle 24"
Speaker: CUI Hanhua
Materiol: | Siides )

ation study based on Benchmark study of H->bb,

11:18  Physics analyses and detector opt
<, 99 24'
Speaker: 4
Materiol: | siides )
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Flavor Physics White Paper

» To quantify CEPC flavor physics potential with benchmark analyses,
and global interpretation.

» To guide the design/optimization of the facility & maximize the
physics output.

(Semi)leptonic b decays.

EW penguin b rare decays.
Hadronic decays with neutrals.
CKM matrix measurements.

Lepton Flavor Violation in 7 and Z decays.

VVyVvVyVVYyVYVYYVYY

11 Summary 13
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Pinning Down B Anomalies and LFUV

signabhemisphere

Signal hemisphere  § ¢
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non-b jet/soft tracks

b-hadron jet thrust axis ! a b thrust

i tag-hemisphere
Tag hemisphere [ B->K*TT
PV

Neutral current Bs — ¢vv
Charged current b — cTv Neutral current b — s77 decay [In preparation]
decays [Zheng et al., 2020, decays [Li and Liu, 2020].
Amhis et al., 2021].
Absolute precision ~ 10~

Not an anomaly yet but closely
Absolute precision < 10~6: related
~ 103 — 10* improvement from

107
current limits. Absolute precision ~ 107"

Unique opportunities at the Z-pole
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Constraint on LFUV Operators (Prelim.)
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1 Tera-Z, 10xTera-Z, Tera-Z but forgot b — s77
(The worst three ~ O0(0.5).)

Probing ~ 10 TeV scale for O(1) couplings.
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Le pton Flavor ViOIation Materials from Dan Yu'’s talk

LFV — 1= u(e)y LFV —Z—-pe .

* Physics background: Zo Ty, T ® Physics background: Z—bhabha/p/Tt
+ Currntbound 27910 st FCCee stimaion 2107
+ Koy drbutor: M), o) « Current bound: 7.5%107 (ATLAS) B |
o & Foseon e o iogons. sy ° * FCC-ee estimation: 109 =
+ Background surviing: 156 ~ 25K o Key distribution: " T
+ senvy: 010 .
" o e mis-id rate: by sacrificing the id
H effciency barelybrabhal surviving § e,
§ (except for muon decay: 107) \
“ « Invarian mss: no T urviving. 0 i
ab ® Sensitivity ~ 10-10 ]L
“ 20 40 60 80 100 120
oo
T e cepowsa0l n
A S
Chamel  Zoty Zope  Towy 18 Zom 2 n’;" Z-Jpy  Z-py ZW,’,‘,
Current
s
Bownds/ 124105 7.5107 44108 21108 1072 ~110075 26108 10°  7.5'10%
prediction
Earlier » » . - \-¢ - -
Esomagon 107 100 100 107 - - 108 109 1070
FullSim -9 -9 0 )-10 -10 -9 10 -9 -10
10 10 104 10 104 10 o 10 107

Lingfeng L Flavor prospects at CEPC Aug. 17, 2021




F lavor ViOIation ( I I ) Materials from Xabier Marcano’s talk

Probing effective operators at p/=/
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Powerful limits when combining Z and 7 LFV decay channels!
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Hadronic and Inclusive B Decays

Materials from Hanhua Cui’s and Yuexin Wang's talk.

0 .
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CKM Measurements

FCC-ee proposed target [Abada et al., 2019]:

Observable / Experiments Current W/A  Belle I1 (50 /ab) LHCb-U1 (23/fb) FCC-ee
CKM inputs
+ (uncert., rad) 12065097 1.136 +£0.026 1136+ 0.025  1.136 = 0.004
/3| (precision) 5.9% 2.5% 6% 1%
Mixing-related inputs
sin(25) 0.691 =0.017  0.691 = 0.008 0.601 £0.009 0.691 = 0.005
¢, (uncert. rad 1079 -1.5+35 n/a —3.65£0.05 —3.65+0.01
Amy (psfl) 0.5065 £ 0.0020 same same same
Amg (psfl) 17.757 £ 0.021 same same same
al (107", precision) 23+ 26 —7+15 —7x15 —7£2
ag (10, precision) —48 £ 48 n/a 0.3£15 0.3+2

The goal at CEPC shall be similar, but validation is necessary.
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C PV M ea Su re m e nts Materials from Zoltan Ligeti’s talk

CPV in mixing, BSM may not contain an m?/m? suppressions specific to the SM
[hep-ph/0202010]

__TB°() — £ X] ~T[B°(t) - £ X]

SE T T(BO(t) — 67X + T[BO(t) — £ X]

In large classes of BSM models, the dominant deviations from the SM may be in

neutral meson mixing amplitudes, with smaller impacts on decay rates

Ter: yectation: exp uncertainty ~ 2.5 x 10~° for both

Removing the bottle neck from V| lesons leptons higgs  top
5 [hatched: MFV]
measurements: ol I siF 10
105 o & F13
210‘ = § H S ii N
g E o 2
T =4 T
210 -
10
0 o =
10° ; §
SUSS
Observable  [Europoan Sty Udato 2020, k191011775

Opportunities to observe C'P violating
Contribution from the W mode scales > TeV!
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» CEPC is a powerful machine to study flavor physics.
» Flavor studies at CEPC benefit from:
© Large luminosity (from accelerator physics)
© Clean environment and moderate energy (from my)
© Good or even revolutionary detectors (from detector R&D)
» We need a white paper to form the consensus about what
should be done, what chould be done, and what we have
done.
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