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Why Flavour Physics?
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SM Flavour Puzzle
22 free parameters??
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SM Flavour Puzzle

SM describes flavour sector very well (so far).
But we don’t have an explanation.

> Why 3 generations?
» Why masses so different (m,/m; ~ 107°)?
» Why quark mixing so differently?
» Why lepton universal?
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Why Flavour Physics?

Nd—4
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SM Flavour Puzzle
22 free parameters?? NP Flavour Puzzle (?)
Very sensitive to NP scale
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Flavour Physics x New Physics

Flavour observables are VERY sensitive to New Physics.

Leading order of FCNC is
already loop level in SM.

5 4
> FSM 0.8 mf/mW

Could have tree level
FCNC in BSM.

2 2
> Tesm o< mp/Afpmyy

Could have new states
(e.g. LFV) in BSM.
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ete™ Collider in the Future?

(

Switzerland)

CEPC (China)

FCC-ee

Future
Circular
4 collider

100 km

Nominal CEPC operation scheme.

Operation mode Z factory | WW threshold Higgs factory tt
Vs (GeV) 91.2 160 240 360
Run time (year) 2 A 10 5
Instantaneous luminosity
g 191. 26. i i
(10%%cm =251, per IP) L 2 83 0.83
Integrat_e:i luminosity 100 6 20 1
(ab™", 2 IPs)
Event yields 3 x 102 1x 108 4% 109 5% 10°
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What is good?

Di'ieCt Emiss / &
measurement | dw Vertex

Abundant e
Uncertainty

Fixed E,,

: __Better
—_tracking

Highboost
Better flavour Higher
tagging acceptance

White: compared to LHCb; Yellow: compared to B-factories
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Estimated b-hadron yields

Hadrons Belle I LHCD (300 fb~') CEPC (10'2)

2. B® 54A%10" ~38x10" 1.2 5 40

B 5rx10? =§xi0? 1.2 % 10™

B,, Bs 6.0 x 10® ~1x 10 3.1 x 10™°

BT = ~ 2 x 10" 1.8 x 108

Ap, Ap . ~2x 10" 95 % 10
[Li et al. (2022)]
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CEPC Flavour White Paper [Anticipate to go

out this year!!!]

Contents

1 Introduction

%)

Description of CEPC facility
21 Key Collider Features for Flavor Physics
2.2 Key Detector Features for Flavor Physics

3 Charged Current Semileptonic and Leptonic b Decays

4 Rare/Penguin and Forbidden b Decays
41 Dileptonic Modes
4.2 Neutrino Modes
4.3 Radiative Modes

4.4 Lepton Flavor Violating (LFV), Lepton Number Violating(LNV) and Baryon

Number Violating (BNV) Decays
5 Hadronic b Decays and C'P Violation Measurements
6 Spectroscopy and Exotics
7 Charm Physics
8 7 Physics

9 Flavor Physics at Higher Energies
9.1 Flavor Physics from Z Decays
9.2 Flavor Phy from W Decays
9.3 Flavor Physics from Higgs and Top

10 Production of BSM States from Heavy Flavor Decays
11 Two Photon and ISR Physics with Heavy Flavors

12 Summary

13

14

14

15

18

18

19

10/28



FU | |y Neutra | Fl nal StateS [Wang et al. (2022)] [See also Y. Wang's Talk]

» Measuring BR(B&) — 7070 — 4v) Z - q@sn.2Gev
uncert.(B® — 7%7° — 44) ~ 0.45% OZ:i - oo
uncert.(B? — 7% = 44) ~ 4.5% Eoo-os— o
[Not observed] éo.ooe—
. <(0.004—
» Measuring BR(B&) = 1% = 47) 0.002f
uncert.(B® — 1°n° — 47) ~ 18% 05 0T oas 02
[Not observed] My [GeV]
uncert.(Bg — 770770 — 47) ~ 0.95% 106“:‘,:0(5‘;—::;19 i Data
[Not observed] -
L e
» Benefit from: Cleanness, ECAL resolution, f_’ ) FERCREEE
High eff. and purity flavour tagging, ... %’ “F
Z 10°E
Testing charmless 2-body decays, |V,p/, e
hadron physics, ... ¥ e %
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C K M elements Q(¢2) |n U T [Wang et al. (2022)] [See also Y. Wang's Talk]

See also: [Charles et al. (2017); Abada et al. (2019); Chang et al. (2017); Monteil and Wilkinson (2021); Hsiao

and Geng (2015)]
» Isopsin anaylsis of B — 7w
» Measuring a(¢2) from B® — 7970 — 4y
uncert.(a) ~ 0.4°

» Removed mirror solutions!!!

00 00
dcp = 095, dcp — 0.53
=+ Bna data (WA) et CKM fit --- Bonn data (WA) =+ CKM fit
% .- [ ,rt‘rt“,ft“ﬂ:"],rm_Z - wio CDS‘fA % - [f:’n',n‘n”‘f:”n"],r -wio CwA
PN 0 s P Lo = sl W
oy T T

74 GEa 10 BAAN AARNASSS f

b 08 [ i

p-value
pvalue

Current determination of « is limited by direct CP asymmetry of

BY — 7070
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CKM elements: Ust angles [Aleksan et al. (2022, 2021)]

See also: [Aaij et al. (2013, 2015); Xiao et al. (2014)]

>

>

>

Measuring as from By(Bs) — DEK¥
uncert.(as) ~ 0.4°

Measuring 8s from Bs(Bs) — J/wé
uncert.(8s) ~ 0.035°

Measuring s from B¥ — DO(D%)K*
uncert.(ys) ~ O(1°)

ut

Challenging because UTyy, is relatively flat
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— 10¢
SDFKY
tag* (sin(@+ A))npu: =-9.40e-01 , -5.00- 1 55 D5 K
p=0.707 — it
tag= (1 - 20) = 0.500 -
sin(g + )}y = -9.38e-01  5.7e-03 B D} K™
(sin(@ — A))y; = -5.08e-01 = 7.9e-03
1101 + 492603 & data error P
M/ )5 = 2.66e+01 + 9.0e-03 ’{‘ data error 5
E
o
s
g
5
2
£
5
2
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- fit
- digne
+  data error
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Charged (Pseudo)Scalar Decays zneng et . 2020 ambis et al. 2021

» Measuring B, — tv
uncert.(BR) ~ O(10™*) [Not observed] \/

uncert.(|Ves|) ~ O(1%)

» Benefit from: Knowing PV, E.n,
abundant B, ...

>
Point of closest
approach

I

brhadromet’ /
Testing |Vep|, ., LFUV
BSM (e.g. 2HDM, Leptoquark)

FCC-ee Si ion (IDEA Delphes) FCC-ee Sii ion (IDEA Delphes)

non-b jet/soft tracks

} CGenerated data 160
o — Total it (a)
. BTy

B* s 7hy,
B Background

140

s

120

100

Number of toy
*

60
40

20

25 30 35 40 45 5 4000 4200 4400 4600
Maximum hemisphere E [GeV/c?] N(B} — tv,)
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Neutral Current b — s77 measurements (i and Liv (2021); Miralies (2021)]
See also: [Kamenik et al. (2017); Monteil and Wilkinson (2021)]
» Measuring BR(B? — K*0r77),
BR(Bs — ¢7t77), BR(BT — Kr777)
uncert.~ O(10~7 — 107%)[Not observed]
» Measuring BR(Bs — 7177)
uncert.~ O(107°)[Not observed]
» Benefit from: Vertexing, Known E.,, Clean Env., ...
Testing 3™ generation FCNC NP (e.g. 7 FCNC LFUV)
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U |ta—l’a re (a nd LFV) decayS [Monteil and Wilkinson (2021); Chrzaszcz et al. (2021)]

See also: [Monteil and Wilkinson (2021); Descotes-Genon et al. (2021)]
» Measuring BR(BY — ptpu~), BR(B® — ptu™)
Limit of BR(B? — pu*p™): ~ O(1071)
BR(B® — u"u™) affected by B — 77~ mis-ID
» Benefit from: Low mis-ID rate
Potentially also measuring BY — utp~ Lifetime, CP asymmetries

» Measuring LFV decays: B® — K*0rp

1201 FCC-ee

Z° = bb Delphes simulation

)

% 100

/

80

Candidates / (5.0 MeV

5250 5300

5350 5.2 5.4
m(ptp”) [MeV/c?] m(K*[37]-p) [GeV/e]
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Di-neutrino Final State e o)

See also: [Batell et al. (2011); Dror et al. (2017)]

» Measuring BR(Bs — ¢vv)
uncert. ~ O(1%)
» Benefit from: Abundant Bs,

Ecm, Vertexing, ... = Deduce Eg

Useful for extracting CKM elements:
Clean theoretical predictions
Potentially constraint BSM,

which acts as Eniss (e.g. Dark Photon, ALP [Ongoing],

0.20

signal-hemisphere

K*

tag-hemisphere

)

0.20

Background Background
—— Signal — Signal
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I_e pton FlaVOU r U n |Ve rsa | ity [See also X.H. Jiang’s Talk]

v
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Consider FCCC (Ry/y, Ry, Ra.), FCNC
and other related measurements together.
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T PhySiCS [Dam (2019)]

See also: [Dam (2021); Pich (2014); Celis et al. (2014); Calibbi and Signorelli (2018)]
Z factory produces ~ O(10%%) 7+~ pairs from Z — 77~

» Measuring BR(7 — (vD)
Improvement: ~ O(10?)

» Measuring 7 lifetime
Improvement: ~ O(10°)

Observable Present FCC-ee FCC-ee
value + error stat. syst.
m, (MeV) 1776.86 £0.12  0.004 0.1

B(r —em) (%) 17824005 00001  0.003
B(r — pov) (%) 1739 £0.05  0.0001  0.003
. (fs) 2903 £ 05 0001  0.04

» Measuring BR(7 — 3u) and BR(7 — uv)

Improvement: ~ O(10 — 10%)

T
A
s Va‘ Tag side

Decay  Present bound FCC-ee sensitivity

Z—pe 075x10°° 1071010~
7T 12 x 1076 10~
Z—ste 98x107¢ 1077
Ty  44x10°8 251077
T3y 21x1078 107
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Flavour PhySiCS From Z Decays [Calibbi et al. (2021, 2022); Dam (2019)]

= Y(1S)oer w7 eee m Tl mm T pe

» Measuring BR(Z — £¢') with (¢ # ¢') S e B
Limits ~ O(107% — 107%)

Z decays can well constrain operators
involve top quarks.

——BR(Y(18)»er
BR(Y(1S)
BR(Y(1S)~er)=10"13

35 | — bckg: Z — T, with T — vy

— signal:Z — 11
30 F E

events / 0.002

1073

Cae,337e Cqe,337e

! F 1
00.99 0.995 1 1.005 1.01

%=P /P,
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Other Opportunities

Exotic Hadrons [See also F.K. Guo's Talk]:
» From b-hadron decays/ Direct Z — bb, cE

BR(Z — T[gf;]} +X) ~ O(107), BR(Z = =£ + X) ~ 1 x 1075,
BR(Z — X + X) ~ 5 x 1075 [Qin et al. (2021)]

Charm-Physics:

> BR(Z — c€) ~ 12% v.s. BR(Z — bb) ~ 15%

» Similar to those of b-physics (e.g. CKM, FCNC, ...) [Bause et al. (2021)]
W-Decays (eTe™ — WTW™) at /s ~ 160 GeV:

» Direct measurement of CKM elements

|Veb| based on flavour tagging, |Ves| [Charles et al. (2020)], ..

» Similar to those of Z decays

Flavour PhySiCS in nggs & TOp 77?7 [Kénig and Neubert (2015); Shi and Zhang (2019)]
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