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» Why CEPC is the the ideal machine to study flavor physics?
» How shall we contribute to flavor physics @ CEPC?

» Recent highlights

» The current status of the CEPC flavor physics white paper.

Lingfeng Li Flavor Physics @ CEPC Aug. 17, 2021 2/15



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

Top-Factory
Higgs-Factory

W-Factory
KLOE BESIII Belle Il
Mk My mype Myas mz  Myiz Scale >
L EP ATLAS/CMS
L H C b
VS. B Factories VS. Hadron Colliders
. > i
» Much higher b quark boost Clean environment
> Di .
» Abundant heavy b hadron Direct missing momenta
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Key Detector Features for Flavor Physics

Materials from the CEPC April meeting

Tracking sys, grants O(10) fs sensitivity.

a5
CEPCSW  0-20

» High time precision for CPV measurements.

o [mm]

» Authentic ¢/7 reconstruction inside a jet.

> Greater acceptance for displaced signals.

absolute momentum p (GeVic]

Advanced PID coming from the combination of =
dE(N)/dx method, time resolution and calorimetry: D 0T (g o §

> Flavor tagging for everything. @ O o ©

» Suppressing backgrounds in general. 0) = L /*'““‘M
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» Clean leptonic/baryonic modes.

Calorimetry gives neutral energy and angular resolution.

> Better p measurement for neutrinos.

5 » Excited states such as D} and radiative decays.

7 g

4
& incident
¥ particles

See a|SOI[Shen et al., 2019, Yu et al., 2020, Zheng et al., 2020a, Yu et al., 2021]

> Distinguishing 70 /7..., allowing h%X modes.
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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: to quantify the requirements on
luminosity, beam quality, & detector performance.
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White paper (I1)

Our job is to feed materials
to this table of content:

(Semi)leptonic b decays.

1 Introduction

EW penguin b rare decays.
2 Description of CEPC facility 1
2.1 Key Collider Features for Flavor Physics
2.2 Key Detector Features for Flavor Physics

CKM matrix element measurements.

vV v.v Yy

3 Charged Current Semileptonic and Leptonic b Decays 3
4 Rare/Penguin and Forbidden b Decays 4 L FI V I M H d
11 Diloptoic Modos 5 epton Flavor Violation in 7 and Z
4.2 Neutrino Modes 5
4.3 Radiative Modes 6 d ecays
L Tpton Flavor Viaing (LFV), Lepton Number Vilating(LNV) and Baryon
Number Violating (BNV) Decays 6
5 Hadronic b Decays and CP Violation Measurements 7 > Excl usive Z h a d ronic decays
6 Spectroscopy and Exotics s
7 Charm Physics 9 >
8 7 Physics 9
9 Flavor Physics at Higher Energies 10 >
0.1 Flavor Physcs fom 7 Decays i
9.2 Flavor Physics from W Decays 11
03 Flavor Physcsfom Higzs and Top

10 Two Photon and ISR Physics with Heavy Flavors 12

11 Summary 13
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B Anomalies Indicating LFUV
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I SM prediction
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> (GeV?/c?)
Experimental SM Prediction Comments

Rxg  0.745755994£0.036  1.00£0.01  my € [1.0,6.0] GeV?, via B*.
Ry 0.697055 0.996 & 0.002  my € [1.1,6.0] GeV?, via B°.

Rp 0.340 & 0.030 0.299 £ 0.003 B° and B* combined.

Rp- 0.295 4 0.014 0.258 4 0.005 B® and B* combined.

Ry 0.71£0.17£0.18 0.25-0.28
[Tanabashi et al., 2018][Altmannshofer et al., 2018].
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Current Progress in LFU Tests

signabhemisphere

Signal hemisphere  §

v

H Point of
% closest A7
& & approach y
Bg '. v - S < ke
b-hadron / . ¢
Jet g
w non-b jet/soft tracks
b-hadron jet thrust axis ;
4 b thrust
Tag hemisphere v g . tag-hemisphere

Neutral current b — s77 >
Charged current B, — Tv decays [Li and Liu, 2020] Neutral current B.S — v
decays [Zheng et al., 2020b]. ’ ' decay [In preparation]
Absolute precision < 10~6: - -7
i —4 ~ Absolute precision ~ 107"
Absolute precision ~ 107%. ~ 103 — 10* improvement from P

current limits.

Unique opportunities at the Z-pole
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Current Progress in LFU Tests (l1)

Preliminary: 9 effective
channels:(R;/y, Rp,,
Rp:, Ry, B. — T,
B — Kvv, By — ¢vv,

5 B —» K77,

S Bt — K*rr,

By — 77...)
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Jii Dim-6 SMEFT basis at
@ @® NP scale A=3 TeV.
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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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CKM Measurements (Il)

No PID (simulation)

With PID (simulation)
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CEPC preliminary study for ¢

measure-

ment [Mingrui Zhao, 2021]

Using B; — ¢J /v

Can outperform LHCb

(300 fb—1)

Lingfeng Li

number of events

ftox i
fit BODK LAr-like Cal.
SE 010
o —=—=@0.005
- 0= - VE O
BYDK I
BO-Dy(=K) %
 data error 2
<
=
Pl
S
<
=
2
=
@
8
B
520 525 530 535 580 545
mMBSres

FCC preliminary study for

measurement [Aleksan, 2020]
Using B, — D K+

Expected 0., <7 x 1073

bb statics 43.2*10M2
Acceptance * trigger * 5%
Reconstruction

Br(bb -> Bs)

Br(Bs->Jpsi Phi) 0.001
*Br(Jpsi->l) *0.06
*Br(Phi->KK) *05
Bs->Jpsi(->ll)Phi(->KK) stat

Flavour tagging 4%

Time resolution 0.67

Total effective statics 0.23 * 106

Flavor Physics @ CEPC

10% * 2(b and anti-b)

26.64 * 10"9
5%

10% * 2
0.001

*0.12 (ee channel) *0.06
05

05
8000 consist with paper
4%

067

144
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Lepton Flavor Violation

2 2 GRS v iy Thh AR
P w785 R L S TT : E
5 i ]
17.80 3
5 w0k .
77 5 0% : v o4 B
g - Belle
o 2 109 < B
m,=1776.86 + 0.12 MeV §1o‘” L 3
17.65 , ; :
289 5o Jgn The el Piysics Bok ar608.10557
T lifetime [fs]
Measurement Current FCC Projection Comments
Lifetime [sec] 5 x 10716 +1x 10718 3-prong decays, stat. limited
BR(T — wvr)  +£4x107*  £107%+3 x 107 Assumed 0.1x syst.(ALEPH)
m(7) [MeV] +0.12 +0.004 + 0.1 0 (Ptrack) limited
BR(T —3u) <21x1078 0(10719) bkg free
BR(T —=3e) <2.7x1078 0(10710) bkg free
BR(7H — epp) < 2.7x1078 0(10710) bkg free
BR(7% — pee) < 1.8x 1078 0(10719) bkg free
BR(T — py) <4.4x1078 ~2x107° Z — 1717 bkg , o(p,) limited
BR(r —»ey) <33x107% ~2x107° 7 — 177 bkg, a(p,) limited

[Altmannshofer et al., 2018, Dam, 2019]
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Lepton Flavor Violation (I1)
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[Calibbi et al., 2021]
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Exclusive 7 Hadronic Decays

Channel Theoretical BR ~ Current Limit CEPC Goal (Optimistic)

Z—mtr 083 x 1077 / O(10-1)
Z —atrr®  [1078,1079) / Vary
Z—J/py  8.02x107%  1.4x107° 0(107?)
Z— DEWF  6x1071° / O(1071)
AAAND TV 7\'\0
(a)Z — mtn™ (b) Z1L — pipg () Z - wta—n®

» Testing the highly suppressed Sudakov effect at small -x
region.

» MC simulations are necessary and currently in the early
stage.
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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.

CEPC Flavor Physics Discussion

Welcome to join our monthly
discussion!
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