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bb are assumed to be produced in equal amount at Z pole
with Belle Il

> Ccross section

Fermion Pair Vs = 91 GeV +/5=250 GeV
v 2013 4.7
ete™ 1476 4.3
nwtp— 1477 4.3
Tt 1474 4.3
uil 5238 10.7
dd 6668 11.2
ce 5237 10.7
55 6668 11.2
bb 6549 10.8
hadron 30360 54.4

» The Z° factory with the high luminosity will produce about 10" bb.
we assume instantaneous luminosity of 8 x 103°cm 25! and an
integrated luminosity of 40ab~! will be collected at CEPC with

two-year running on Z pole at two collision points.



Providing unique opportunity for "extreme” heavy flavor
experiments

>

>

- W N

Low background compared to LHCb

The b-pair flying with large momentum at a Z° factory will help
significantly in the competition with Belle 1.

The B, decay and CP violation, B, — utpu~, B, — B, mixing

. baryons decays, =,
. B

. T physics
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B. meson Decays

>

>

B~ W N

ot

B. meson can not produced at Belle.

For B. meson, although CDF. DO and LHCb had collected some
data, many results have large uncertainties because of the large
background.

At CEPC, B, meson will be produced in equal amount with with
B,, B4 and B;.

The spectrums of Bc mesons

. The life time and decay width
. The weak decays of Bc meson with Charm
. The weak decays of Bc meson without Charm

. Looking for the Bc decays with neutral objects in the final states

which cannot be reached by the LHCb. Especially interesting is to
look for pure leptonic decays of B, — pv and B, — 7v (V).

T physics-the 7-pair with large momentum and strongly boost
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Charge leptonic flavor violation processes

> Charged Lepton Flavor Violation (cLFV) processes are very
interesting to study because if they are observed, that would be a
clear indication of physics beyond the Standard Model.
discriminating between different new physics scenarios with high
sensitive data.

» LHC. Belle. Babar reported cLFV in semileptonic decays of B
mesons deviations from the SM of 2-30 significance

The angular observable P! in B — K*utu~;
e B, — outp;
R(K)

_ Br[B— Kutp]
~ Br[B — Kete™]

R(K) = 0.74570 0% £+ 0.036.

and the SM-forbidden decay h — p7 of the Higgs boson

6
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» Contrary to LHCb and Belle Il, CEPC will have more advantages in
processes involving T:

L]
L]
o H—7ru"
[ ]
[ ]

The CPEC will allow us to study cLFV in 7, Z° and H decays in
different landscapes, the first two with a run of two years at Z° peak and
the third one in five (or more) years at Z°+ Higgs production.
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Charge lepton flavour violating (cLFV) 7 Decays

» The lepton 7 is heavy enough to decay into hadrons, together with
radiative 7 — ¢+ and leptonic 7 — £¢'¢" decays, semileptonic
decays (7 — ¢ (m,n""), w7, .. .)) offer an interesting window to probe
the underlying LFV mechanism, being particularly sensitive to
different kinds of NP or effective operators in the couplings between
quarks and leptons.

» Effective Lagrangian at low energy for LFV 7 decays
LFV 7 — p transitions can be organized according to the type of
operators present:
— (€q) (40)
£6ff = Eeff + Eeff + ‘Ceff + ‘Ceff + - 9

where the dots stands for operators of higher dimension.



1. The effective dipole operators of dimension five Lg?},

Ei?} = —% { (Cpr fro? Py 7+ Cpr fic” PrT) Fp, + h.c.} ,
(1)
2. dimension-six four-fermion operators Lgl}q},
¢ 1 _ _ _
Ly = = 2 {(C%RM’VP Pr7 +CyL i’ PL7)q7,q

q=u,d,s
+ (CAR Y Pr7+ CAL i’ PL ) 3775 4
+m:mgGr (Cqg f P 7+ CeLaPrT)dq
+m.mqGp (Cpr A PL T+ Ch R PrT)q7V5 ¢
+mmgGp (Chg o™ Prm+ Chp o™ Pr7)qop, q+ h.c.} ,

()
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3. The effective gluonic operators of dimension-seven ﬁg}

meG i o a v
[’ifjj)”:_ AQF%{(CGRHPLT‘FCGLMPRT) GPVGZ

+ (Cap i P 7 + Cgy i Pr7) Go,GH + h.c.} , (3)

with 51 /(4as) = —9as/(8m). The dual tensor of the gluon field
strength is defined by G7, = %epm[g G 2B,

4. The effective four-lepton operators (taking 7 — 3u for example),

1
£ = 5 { st (P 7) (5 PL i) + Csmn (3 Pr7) (3 Pr )

+ Cvrr (" Pr7) (A Prp) + Cyvrr (7" Pr7) (Rve Pr 1)
+ Cvir (2" Pr 1) (fve Pr i) + Cyre (8" Pr7) (B, Pr p)

+ h.c.} . (4)
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Table: Sensitivity of LFV T decays to the different effective operators at
tree-level. The symbol v (—) denotes that the operator does (not)
contribute at tree-level to a given process. For operators involving quark
bilinears, the relevant isospin structure (I = 0,1) probed by a given decay
is also specified.

CsLL,RR v - - - - -

CvLL,RR v
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> Current bounds on LFV 7 decay rates have been set by the Belle I,
BaBar and LHCb collaborations.

7~ decay mode Upper bound on BR Upper bound at CEPC

wy 4.4 %1078 10~9

o opt T 2.1 x 10~8
p 1.1 x 10~7
un 6.5 x 10~8
un' 1.3 x 1077

prta— 2.1 x10-8
wp 1.2 x 1078
u fo 3.4 x 1078

» CEPC offers very interesting prospects in improving the current
bounds especially for the process T — 7y where one expects to
reach a sensitivity on the branching ratio of 107, two orders of
magnitude better than the current bound.
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cLFV Higgs Decays
> 2015 CMS excess

Bewp(H — pE7F) = 0.847039%,

» LFV Higgs decays will be studied at the CEPC in ete™ — Z°H.
With Z° tagging, about 1 million Higgs boson can be produced in a
five-year running at the center-of-mass of 240-250 GeV.We expect
to obtain a sensitivity of 10

> h — ep,er, uT arise at tree level from the assumed flavor violating
Yukawa interactions,
Ly D— YepéLNRh — Y#eﬁLeRh —Y..értrh — Y. .Trerh
- HTﬂLTRh—YTM?L[LRh—Fh.C. (5)
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Indirect constraints

1. Constraints from 7 — uy, 7 — e7.

VoT T rog IR

i I + 5 ny
VP VB VP + VP VAP + VePr -\.{i?f YiuPr
o ¥

2. Constraints from 7 — 3u, 7 — 3e

by
T h - & +
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Table: Present upper bounds and future expected sensitivities for cLFV

LFV Observable Present Bound (90%C'L) Future Sensitivity CEPC
BR(p — e) 4.2 x 10~ 13 (MEG 2016) 4 x 10~ 14 (MEG-II)
BR(T — ev) 3.3 x 10~ % (BABAR 2010) 10~ (BELLE-II)
BR(T — pv) 4.4 x 10~8 (BABAR 2010) 1079 (BELLE-II)
BR(u — eee) 1.0 x 10~ 2 (SINDRUM 1988) 10~ 16 Mu3E (PSI)
BR(T — eee) 2.7 x 10~ 8 (BELLE 2010) 10~ =10 (BELLE-II)
BR(T — ppup) 2.1 x 10~ 8 (BELLE 2010) 10—9 ~10 (BELLE-II)
BR(T — un) 2.3 x 10~ 8 (BELLE 2010) 10~ 9710 (BELLE-II)
CR(u — e, Au) 7.0 x 10713 (SINDRUM I 2006)
CR(u — e, Ti) 4.3 x 10712 (SINDRUM II 2004) 10~ 18 PRISM (J-PARC)
CR(u — e, Al) 3.1 x 10715 COMET-I (J-PARC)
2.6 x 10717 COMET-II (J-PARC)
2.5 x 10~ 17 Mu2E (Fermilab)
LFV Observable Present Bound (95%C L) CEPC
BR(H — pe) 3.6 x 103 (CMS 2015)
BR(H — Te) 1.04 x 10~ 2 (ATLAS 2016), 0.7 x 10~2 (CMS 2015)
BR(H — Tp) 1.43 x 10~ 2 (ATLAS 2016), 1.51 x 10~ 2 (CMS 2015) 1074
BR(Z — pe) 1.7 x 1078 (LEP 1995), 7.5 x 10~ 7 (ATLAS 2014)
BR(Z — Te) 9.8 x 106 (LEP 1995)
BR(Z — T) 1.2 x 10~° (LEP 1995), 1.69 x 10~ > (ATLAS 2014)
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cLFV Z decays

» ATLAS Collaboration improved the upper limit of the Z — e* ¥ to
be 7.5 x 10=7

» At the CEPC a few times of 10! Z° would be produced, and the
sensitivities would be reached to 10~ !

Lz DGep€r VAU JuellR Zer + gerer ZTL + greTr Z€R
+ guTﬁL ZTR + gru?L ZMRh + h.c. (6)

» Indirect constraints on the Z coupling with e y, 7 are the same for
those on higgs.
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Summary

>

The fermion pairs could be produced with large cross sections at
Z-pole.

For B, B, and 7 lepton, CEPC offer us a good place for
crosschecking the results of LHCb and B factory.

For B., the measurement results are expected to be precise due to
the low background.

High sensitivity constraints on cLFV (7, higgs, Z ) at CEPC.

THANK YOU
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