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Outline

A glance at ßavor measurements at CEPC 

Two examples 

Summary

¥ Lepton ßavor violating Higgs, Z and tau decays 

¥ Anomalous weak dipole moments of tau
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A glance at CEPC
Higgs involved (1 million Higgs bosons)!

Z involved (10 - 100 billion Z bosons)  

Heavy hadron decays (CEPC vs Belle II)

¥ Hff and HffÕ couplings

¥ Zff and ZffÕ couplings

No chance for mesons, unless other advantages (tau reconstruction).
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Higgs couplings  CEPC > É 

Z couplings        CEPC > É 

heavy baryon production and decays 
CEPC > É 

tau production and decays CEPC ? Belle II

A glance at CEPC
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Lepton ßavor violation 
(1st example)

Induced by SUSY, extra dimension É 

Exp. hints of lepton non-uni. in B decays

a

a

a

¥ R(D ! ) ! B[B " D ! ! " ]/ B[B " D ! #"] 3.4!

¥ R(D) ! B[B " D !" ]/ B[B " D#"] 2.3!

¥ RK ! B[B " Kµµ ]/ B[B " Kee]q2" [1,6]GeV2 2.6!

¥ Rlow
K ! ! B[B " K ! µµ]/ B[B " K ! ee]q2" [0.045,1.1]GeV2 2.1!

Rhigh
K ! ! B[B " K ! µµ]/ B[B " K ! ee]q2" [1.1,6]GeV2 2.4!

¥ LHCb has just reported # 2$-derivation from SM in RK !

¥ H " ! µ
CMS: B [H " ! µ ] = (0 .84+0 . 39

! 0 . 37 )% (1502.07400) # ( $ 0.76+0 . 81
! 0 . 84 )% (CMS PAS HIG-16-005)

ATLAS: B [H " ! µ ] = (0 .53 ± 0.51)% (1604.07730)

¥ R(D ! ), R(D), RK , RK ! , ...

¥ for cLFV Higgs couplings,

L H
e! = $

!

! ,! %

v2

! 2 C!! %ø#L H ##
R + h.c., (1)

¥ for cLFV Z 0 couplings,

L Z
e! =

!

! ,! %

v2

! 2

"
CL

!! %#L /Z ##
L + CR

!! %ø#R /Z ##
R

#
, (2)

1
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Lepton ßavor violation 
(1st example)

Induced by SUSY, extra dimension É 

Exp. hints of lepton non-uni. in B decays 

LFV Higgs decay appeared and disappeared

a

a

a

¥ R(D ! ) ! B[B " D ! ! " ]/ B[B " D ! #"]
Belle: R ( D ! ) = 0.302 ± 0.030 ± 0.011 (1607.07923) ! 0.270 ± 0.035+0.028

" 0.025 (1612.00529)

LHCb: R ( D ! ) = 0.336 ± 0.027 ± 0.030 (1506.08614)

R ( D ! )
SM

= 0.252 ± 0.003 (1203.2654)

¥ R(D) ! B[B " D !" ]/ B[B " D#"]
R ( D )

exp

= 0.397 ± 0.040 ± 0.028 (HFAG2016)

R ( D )
SM

= 0.300 ± 0.008 (1505.03925)

¥ RK ! B[B + " K + µµ]/ B[B + " K + ee]q2" [1,6]GeV2

( R K )
exp

= 0.745+0.090
" 0.074 ± 0.036 (1406.6482)

( R K )
SM

= 1 ± O (10 " 2) (1605.07633 )

¥ LHCb has just reported # 2$-derivation from SM in RK "

¥ H " ! µ
CMS: B [H # ! µ ] = (0 .84+0.39

" 0.37)% (1502.07400) ! ( $ 0.76+0.81
" 0.84)% (CMS PAS HIG-16-005)

ATLAS: B [H # ! µ ] = (0 .53 ± 0.51)% (1604.07730)

¥ R(D ! ), R(D), RK , RK " , ...

¥ for cLFV Higgs couplings,

L H
e! = $

!

! ,! %

v2

! 2 C!! %ø#L H ##
R + h.c., (1)

¥ for cLFV Z 0 couplings,

L Z
e! =

!

! ,! %

v2

! 2

"
CL

!! %#L /Z ##
L + CR

!! %ø#R /Z ##
R

#
, (2)

1

a

a

a

¥ R(D ! ) ! B[B " D ! ! " ]/ B[B " D ! #"]
Belle: R (D ! ) = 0.302 ± 0.030 ± 0.011 (1607.07923) ! 0.270 ± 0.035+0 . 028

" 0 . 025 (1612.00529)

LHCb: R (D ! ) = 0.336 ± 0.027 ± 0.030 (1506.08614)

R (D ! )SM = 0.252 ± 0.003 (1203.2654)

¥ R(D) ! B[B " D !" ]/ B[B " D#"]
R (D )exp = 0.397 ± 0.040 ± 0.028 (HFAG2016)

R (D )SM = 0.300 ± 0.008 (1505.03925)

¥ RK ! B[B + " K + µµ]/ B[B + " K + ee]q2" [1,6]GeV2

(R K )exp = 0.745+0 . 090
" 0 . 074 ± 0.036 (1406.6482)

(R K )SM = 1 ± O(10" 2 ) (1605.07633 )

¥ LHCb has just reported # 2$-derivation from SM in RK "

¥ H " ! µ
CMS: B[H # ⌧µ ] = (0.84+0 . 39

" 0 . 37 )% (1502.07400) ! ($ 0.76+0 . 81
" 0 . 84 )% (CMS PAS HIG-16-005)

ATLAS: B[H # ⌧µ ] = (0.53 ± 0.51)% (1604.07730)

¥ R(D ! ), R(D), RK , ...

¥ for cLFV Higgs couplings,

L H
e! = $

!

! ,! %

v2

! 2 C!! %ø#L H ##
R + h.c., (1)

¥ for cLFV Z 0 couplings,

L Z
e! =

!

! ,! %

v2

! 2

"
CL

!! %#L /Z ##
L + CR

!! %ø#R /Z ##
R

#
, (2)

1
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Lepton ßavor violation 
(1st example)

Induced by SUSY, extra dimension É 

Exp. hints of lepton non-uni. in B decays 

LFV Higgs decay appeared and disappeared

a

a

a

¥ R(D ! ) ! B[B " D ! ! " ]/ B[B " D ! #"]
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L H
e! = $

!

! ,! %

v2

! 2 C!! %ø#L H ##
R + h.c., (1)

¥ for cLFV Z 0 couplings,

L Z
e! =

!

! ,! %

v2

! 2

"
CL

!! %#L /Z ##
L + CR

!! %ø#R /Z ##
R

#
, (2)

1

a

a

a

¥ R(D ! ) ! B[B " D ! ! " ]/ B[B " D ! #"]
Belle: R (D ! ) = 0.302 ± 0.030 ± 0.011 (1607.07923) ! 0.270 ± 0.035+0 . 028
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LHCb: R (D ! ) = 0.336 ± 0.027 ± 0.030 (1506.08614)

R (D ! )SM = 0.252 ± 0.003 (1203.2654)
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R (D )exp = 0.397 ± 0.040 ± 0.028 (HFAG2016)

R (D )SM = 0.300 ± 0.008 (1505.03925)

¥ RK ! B[B + " K + µµ]/ B[B + " K + ee]q2" [1,6]GeV2

(R K )exp = 0.745+0 . 090
" 0 . 074 ± 0.036 (1406.6482)

(R K )SM = 1 ± O(10" 2 ) (1605.07633 )

¥ LHCb has just reported # 2$-derivation from SM in RK "

¥ H " ! µ
CMS: B[H # ⌧µ ] = (0.84+0 . 39

" 0 . 37 )% (1502.07400) ! ($ 0.76+0 . 81
" 0 . 84 )% (CMS PAS HIG-16-005)

ATLAS: B[H # ⌧µ ] = (0.53 ± 0.51)% (1604.07730)

¥ R(D ! ), R(D), RK , ...

¥ for cLFV Higgs couplings,

L H
e! = $

!

! ,! %

v2

! 2 C!! %ø#L H ##
R + h.c., (1)

¥ for cLFV Z 0 couplings,

L Z
e! =

!

! ,! %

v2

! 2

"
CL

!! %#L /Z ##
L + CR

!! %ø#R /Z ##
R

#
, (2)

1

To probe LFV with cleaner channels.
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Lepton ßavor violation (Higgs) 
3 channels 

Reconstruct tau by mu or e 
+ missing energy 

Reconstruct Z by dijet

¥ for photon induced ! ! µ transitions

L (D )
e! = "

m!

! 2 [(CDR øµ" µ" PL ! + CDL øµ" µ" PR! ) Fµ" + h.c.] ,

CDL dominant if loop induced.

¥ for gluon induced ! ! µ transitions

L (G)
e! = "

m! GF

! 2

#L

4$s

!
(CGR øµPL ! + CGL øµPR! ) Ga

#$G#$
a

+
"
C ÷GR øµPL ! + C ÷GL øµPR !

#
G a

#$
÷G #$

a + h.c.
$

,

¥ for four-lepton operators with ! ! µ transitions

L (4%)
e! = "

1
! 2

!
(CSLL (øµPL ! )( ø%PL %) + CSRR (øµPR! )( ø%PR%)

+ ( CSLR (øµPL ! )( ø%PR%) + CSRL (øµPR! )( ø%PL %)

+ ( CV LL (øµ&µPL ! )( ø%&µPL %) + CV RR (øµ&µPR! )( ø%&µPR%)

+ ( CV LR (øµ&µPL ! )( ø%&µPR%) + CV RL (øµ&µPR! )( ø%&µPL %) + h.c.
%

,

¥ four-fermion operators involving two quarks with ! ! µ transitions

L (%q)
e! = "

1
! 2

&

q= u,d,s

!
(Cq

V R øµ&#PR! + Cq
V L øµ&#PL ! )øq&#q

+ ( Cq
AR øµ&#PR! + Cq

AL øµ&#PL ! )øq&#&5q

+ m! mqGF (Cq
SR øµPL ! + Cq

SL øµPR! )øqq

+ m! mqGF (Cq
P R øµPL ! + Cq

P L øµPR! )øq&5q

+ m! mqGF (Cq
T R øµ" #" PL ! + Cq

T L øµ" #" PR! )øq" #" q + h.c.
%

.

1 H ! e± µ# , e± ! # , µ± ! #

¥ H ! e± µ! , e± ! ! , µ± ! !

2 Z 0

In estimation of the CEPC bounds (100 billion Z 0),

¥ the statistic uncertainty will be smaller than 2%,

2

1 H ! e± µ" , e± ⌧ " , µ± ⌧ "

Why such choices?

¥ B(Z ! jj ) # 70%;

¥ Ensure lepton ßavor changing vertices: if rebuilding! by e + /E T in
H ! e! , eejj will cause large background.

¥ H ! e±µ! , e±! ! , µ±! !

2 Z 0

In estimation of the CEPC bounds (100 billion Z 0),

¥ the statistic uncertainty will be smaller than 2%,

¥ the systematic uncertainty is assumed to be 5%.

Table 1:

Channels µ! ! ± e! ! ± e! µ±

current bound 3.5 $ 10" 3 3.2 $ 10" 3 0.9 $ 10" 3

CEPC bound 2.1 $ 10" 3 0.9 $ 10" 3 0.2 $ 10" 3

Current (PDG2016) vs CEPC (conservative estimates) bound
(95% CL) on the coe! cient g %

!
|gL |2 + |gR|2

For Z 0 ! e±µ! , with 4.0 $ 106 Z 0, we suppose 104 times Z 0 at CEPC.
The expected background is 0.6 at OPAL, here we have 6000. The statistical
un. is 77.5 and at 95% is 155. Compared to upper limit 3, here the factor
should be155/10000/3 = 0.0052 . (uncertainty is 1.3%)

For Z 0 ! e±! ! , the expected background is 4 at OPAL, here we have
40000. The statistical un. is 200 and at 95% is 400. Compared to upper
limit 5, here the factor should be 400/10000/5 = 0.008 . (uncertainty is
0.5%)

For Z 0 ! µ±! ! , the expected background is 25 at OPAL, here we have
250000. The statistical un. is 500 and at 95% is 1000. Compared to upper
limit 10, here the factor should be 1000/10000/10 = 0.01 . (uncertainty
is 0.2%)

Current bounds (95% CL) on the coe! cient y %
!

|Y!! ! |2 + |Y! ! ! |2

3

The dominant production process at the 
Higgs factory (240 -250 GeV)
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Lepton ßavor violation (Higgs) 
MadGraph: generator for signals 
Whizard: generator for background 
Pythia: hadronization 
Delphes: fast simulation

II. SIMULATION AND ANALYSIS

The signal events fore+ e! ! ZH with H ! e± µ" , e± ! " and µ± ! " and Z decaying into di-jet

are generated by MadGraph v2.5.2 [45], in which we supplement the corresponding new physics

vertices. For the background events, we use WHIZARD 2.5.0 [46, 47] as the event generator. The

generation is operated at the center-of-mass energy of 240 GeV. The hadronization and parton

shower are handled by PYTHIA 6.4 [48]. After that, Delphes 3.4.1 [49, 50] is adopted for detector

simulation, with the CEPC card used [...].

Category a cross section [fb] Event No. [10000]

SZ ll 342 171

SZ ql 452 226

ZZ ll 18.8 9.4

ZZ ql 233 117

ZZ qq 830 415

SW ql 667 333

WW ql 1792 896

aSZ ll includes e+ e! ! + ! ! ; SZ ql includes e+ e! uøu, e+ e! d ød, e+ e! cøc, e+ e! søs and e+ e! bøb; ZZ ll includes µ+ µ! ! + ! !

and ! + ! ! ! + ! ! ; ZZ ql includes µ+ µ! uøu, µ+ µ! d ød, µ+ µ! cøc, µ+ µ! søs, µ+ µ! bøb, ! + ! ! uøu, ! + ! ! d ød, ! + ! ! cøc, ! + ! ! søs

and ! + ! ! bøb; ZZ qq includes ccøcøc, ddød ød, d ødbøb, bbøbøb, uøusøs, uøubøb and søsbøb; SW ql includes e+ " eøcs; WW ql includes

! + " ! øud, µ! ø" µ cøs and µ! ø" µ u ød.

TABLE I: Incomplete cross sections and events numbers of four fermion processes at CEPC by WHIZARD.

The four fermion processes form the major background, which we classify by crucially the Þnal

states according to [51]. If the Þnal state containing no electron or electron neutrino is constituted

by two pairs of mutually charge conjugate fermions likeuøuµ+ µ! that can not decay from the W W

intermediate state, the process is classiÞed as ÓZZÓ; if the fermion pairs can also decay fromW W ,

the process is classiÞed as ÓZZ or WWÓ (ZZWW); the rest ones belong to ÓWWÓ. Otherwise, if

there are electrons or electron neutrinos in the Þnal state, the processes are classiÞed as ÓSingleZ Ó

(SZ), ÓSingleZ or Single W Ó (SZSW) and ÓSingleW Ó (SW), corresponding to the descriptions

above. More details can be found in [9]. We further divide each class of processes into di! erent

groups, according to whether the Þnal states contain only quarks, only leptons or both of them.

For example, uøuµ+ µ! is classiÞed as ÓZZqlÓ, while " µ ø" µµ+ µ! is classiÞed as ÓZZWWllÓ. In

TABLE I, the cross sections and numbers of events of di! erent classiÞcations are listed. Note that

3

Four-fermion background

1 H ! e± µ" , e± ! " , µ± ! "

Why such choices?

¥ B(Z ! jj ) # 70%;

¥ Ensure lepton ßavor changing vertices: if rebuilding! by e + /E T in
H ! e! , eejj will cause large background.

¥ H ! e± µ! , e± ! ! , µ± ! !

¥ SZ ll: e+ e" ! + ! " ;

¥ SZ ql: e+ e" jj ;

¥ ZZ ll: µ+ µ" ! + ! " , ! + ! " ! + ! " ;

¥ ZZ ql: µ+ µ" jj , ! + ! " jj ;

¥ ZZ qq: ccøcøc, ddød ød, d ødbøb, bbøbøb, uøusøs, uøubøb, søsbøb;

¥ SW ql: e+ " eøcs;

¥ WW ql: ! + " ! øud, µ" ø" µcøs, µ" ø" µu ød.

2 Z 0

In estimation of the CEPC bounds (100 billion Z 0),

¥ the statistic uncertainty will be smaller than 2%,

¥ the systematic uncertainty is assumed to be 5%.

Table 1:

Channels µ! ! ± e! ! ± e! µ±

current bound 3.5 $ 10" 3 3.2 $ 10" 3 0.9 $ 10" 3

CEPC bound 2.1 $ 10" 3 0.9 $ 10" 3 0.2 $ 10" 3

Current (PDG2016) vs CEPC (conservative estimates) bound
(95% CL) on the coe! cient g %

!
|gL |2 + |gR|2

3

See Kilian’s talk

6/18



Lepton ßavor violation (Higgs) 

Signal and background events with cuts of Higgs->mu,tau

Cuts SZ ll SZ ql ZZ ll ZZ ql ZZ qq SW ql WW ql signal

Ne,µ=1, Nj =2 5684 1248 1464 16504 1945 1063 1627 856

60 < m jj < 100 1578 428 606 13504 412 320 518 736

me/E < 5 26 16 84 2706 30 5 0 583

120< m µ! < 130 0 0 2 3 0 0 0 522

Table 2: H ! µ± ! ! signal and background event numbers with our choice
of cuts in di! erent categories.

2 Z 0

In estimation of the CEPC bounds (100 billion Z 0),

¥ the statistic uncertainty will be smaller than 2%,

¥ the systematic uncertainty is assumed to be 5%.

Table 3:

Channels µ! ! ± e! ! ± e! µ±

current bound 3.5 " 10" 3 3.2 " 10" 3 0.9 " 10" 3

CEPC bound 2.1 " 10" 3 0.9 " 10" 3 0.2 " 10" 3

Current (PDG2016) vs CEPC (conservative estimates) bound
(95% CL) on the coe" cient g #

!
|gL |2 + |gR|2

For Z 0 ! e± µ! , with 4.0 " 106 Z 0, we suppose 104 times Z 0 at CEPC.
The expected background is 0.6 at OPAL, here we have 6000. The statistical
un. is 77.5 and at 95% is 155. Compared to upper limit 3, here the factor
should be155/10000/3 = 0.0052 . (uncertainty is 1.3%)

For Z 0 ! e± ! ! , the expected background is 4 at OPAL, here we have
40000. The statistical un. is 200 and at 95% is 400. Compared to upper
limit 5, here the factor should be 400/10000/5 = 0.008 . (uncertainty is
0.5%)

For Z 0 ! µ± ! ! , the expected background is 25 at OPAL, here we have
250000. The statistical un. is 500 and at 95% is 1000. Compared to upper

4

To set cuts 
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Lepton ßavor violation (Higgs) 
Signal and background events with cuts of Higgs->e,mu

we have abandoned some processes, which turn out not to contribute to the background with our

choice of cuts.

The Þnal states we choose to reconstruct the signal events contain 1 electron, 1 muon and 2

jets, with the di-jet invariant mass mjj close to the Z mass. For H ! e± µ! , the electron and

muon are required to reconstruct the Higgs boson; while, forH ! e± (µ± )! ! , the muon (electron)

+ missing energy is required to build the tau, which together with the rest electron (muon) build

the Higgs boson. This choice has the following advantages: the requirement of only 1 electron and

only 1 muon ensures lepton ßavor changing in the process, greatly reducing sources of background

such ase+ e" µ+ µ" , which is a major background ofH ! e± µ! in the recoil method [10]; the Z

reconstruction e! ciency is relatively high because about 70%Z bosons decay intoqøq Þnal states;

the decay particles ofH and Z donÕt mix with each other.

A. H ! e± µ!

Cuts SZ ll SZ ql ZZ ll ZZ ql ZZ qq SW ql WW ql signal

Ne,µ =1, Nj =2 5684 1248 1464 16504 1945 1063 1627 5617

70 < m jj < 100 1099 267 408 12277 321 221 461 4216

117< m eµ < 127 1 0 0 0 0 0 0 4115

TABLE II: H ! e± µ! signal and background event numbers with our choice of cuts in di" erent categories.

For H ! e± µ! , besides the requirement of consisting of 1 electron, 1 muon and 2 jets, the cuts

of the invariant masses of the two leptons and the jet pair are set, 70 GeV< m jj < 100 GeV and

117 GeV< m eµ < 127 GeV. We generate 10000e+ e" ! ZH events with Z ! jj and H ! e± µ! ,

and 4115 of them are satisÞed with the requirements, as shown in TABLE II. We also show in

TABLE II possible major background. Only 1 fake event is left after the cuts, so the upper bound

for possible signal-event number isN95 = 3.74 at 95% conÞdence level (CL). Therefore, employing

the formula

B(H ! e± µ! ) <
N95

NH "(jjeµ )B(Z 0 ! jj )
(1)

where N95 = 3.74, the number of the generated Higgs bosonsNH = 1.05 " 106, the detection

e! ciency "(jjeµ ) = 4115/10000, and the branching ratio B(Z 0 ! jj ) # 70% [52], we can estimate

the upper bound of the H ! e± µ! branching ratio given by CEPC,

B(H ! e± µ! ) < 1.2 " 10" 5 (2)

4

Signal and background events with cuts of Higgs->e,tau

1 H ! e± µ" , e± ! " , µ± ! "

Why such choices?

¥ B(Z ! jj) # 70%;

¥ Ensure lepton ßavor changing vertices: if rebuilding! by e + /ET in
H ! e! , eejj will cause large background.

¥ H ! e± µ! , e± ! ! , µ± ! !

¥ SZ ll: e+ e" ! + ! " ;

¥ SZ ql: e+ e" jj;

¥ ZZ ll: µ+ µ" ! + ! " , ! + ! " ! + ! " ;

¥ ZZ ql: µ+ µ" jj, ! + ! " jj;

¥ ZZ qq: ccøcøc, ddødød, dødbøb, bbøbøb, uøusøs, uøubøb, søsbøb;

¥ SW ql: e+ " eøcs;

¥ WW ql: ! + " ! øud, µ" ø"µcøs, µ" ø"µuød.

Cuts SZ ll SZ ql ZZ ll ZZ ql ZZ qq SW ql WW ql signal

Ne,µ=1, Nj=2 5684 1248 1464 16504 1945 1063 1627 868

66< mjj < 94 1119 290 448 11828 412 320 518 693

mµEM < 4 423 95 41 1892 30 5 0 530

121< me! < 130 9 1 0 0 0 0 0 479

|#e| < 2 5 0 0 0 0 0 0 456

Table 1: H ! e± ! ! signal and background event numbers with our choice
of cuts in di! erent categories.

3
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Lepton flavor violation at e+ e!
colliders (note)

Qin Qin"

I. THEORETICAL FORMULAE

A. LHV Higgs decays

The Lagrangian for H ! µ# ! ± decay can be written as

L H $ µ! ! ±
= " Yµ! µ̄L H ! R " Y! µ !̄ L Hµ R + h.c., (1)

where the universal factor 1/
#
2 is multiplied to make the coe�cients Yµ! ,! µ consistent with def-

inition of usually-used Yukawa couplings. The H ! µ# ! ± decay width is then calculated to

be

�(H ! µ# ! ± ) =
1

8" m3
H

!
#(mH , mµ, m! )

$
"
(|Yµ! |2 + |Y! µ |2)(m2

H " m2
µ " m2

! ) " 4mµm! Re(Yµ! Y! µ)
#

,
(2)

where the # function is defined by #(x, y, z) % [x2 " (y+z)2][x2 " (y " z)2]. In the zero-lepton-mass

limit, the result becomes

�(H ! µ# ! ± )mµ, ! $ 0 =
mH

8"
(|Yµ! |2 + |Y! µ |2). (3)

Similar results are obtained for eµ and e! final states after substitution of the corresponding

coe�cients.

B. LFV Z 0 decays

The Lagrangian for Z 0 ! µ# ! ± decay can be written as

L Z $ µ! ! ±
= gL

µ!

$
gL

µ! µL /Z ! L + gR
µ! µ̄R /Z ! R + h.c.

%
. (4)

The spin-averaged Z 0 ! µ# ! ± decay width is then calculated to be

�(Z 0 ! µ# ! ± ) =
1

24" m3
Z

!
#(mZ , mµ, m! )

$

&

(
'
' gL

µ!

'
' 2
+

'
' gR

µ!

'
' 2
)

(

m2
Z " m2

µ " m2
! +

m4
Z " (m2

µ " m2
! )

2

m2
Z

)

+ 12mµm! Re(gL
µ! gR"

µ! )

*

.
(5)
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Lepton ßavor violation at e+ e! colliders (note)

Qin Qin"

I. THEORETICAL FORMULAE

A. LHV Higgs decays

The Lagrangian for H ! µ# ! ± decay can be written as

L H $ µ! ! ±
= " Yµ! øµL H ! R " Y! µ ø! L Hµ R + h.c., (1)

where the universal factor 1/
#

2 is multiplied to make the coe! cients Yµ! ,! µ consistent with def-

inition of usually-used Yukawa couplings. The H ! µ# ! ± decay width is then calculated to

be

" (H ! µ# ! ± ) =
1

8" m3
H

!
#(mH , mµ, m! )

$
"
(|Yµ! |2 + |Y! µ |2)(m2

H " m2
µ " m2

! ) " 4mµm! Re(Yµ! Y! µ)
#

,
(2)

where the# function is deÞned by#(x, y, z) % [x2 " (y + z)2][x2 " (y " z)2]. In the zero-lepton-mass

limit, the result becomes

" (H ! µ# ! ± )mµ, ! $ 0 =
mH

8"
(|Yµ! |2 + |Y! µ |2). (3)

Similar results are obtained for eµ and e! Þnal states after substitution of the corresponding

coe! cients.

B. LFV Z 0 decays

The Lagrangian for Z 0 ! µ# ! ± decay can be written as

L Z $ µ! ! ±
= gL

µ!

$
gL

µ! µL /Z ! L + gR
µ! øµR /Z ! R + h.c.

%
. (4)

The spin-averagedZ 0 ! µ# ! ± decay width is then calculated to be

" (Z 0 ! µ# ! ± ) =
1

24" m3
Z

!
#(mZ , mµ, m! )

$

&

(
'
' gL

µ!

'
' 2

+
'
' gR

µ!

'
' 2

)

(

m2
Z " m2

µ " m2
! +

m4
Z " (m2

µ " m2
! )2

m2
Z

)

+ 12mµm! Re(gL
µ! gR"

µ! )

*

.
(5)
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Cuts SZ ll SZ ql ZZ ll ZZ ql ZZ qq SW ql WW ql signal

Ne,µ=1, Nj =2 5684 1248 1464 16504 1945 1063 1627 856

60 < m jj < 100 1578 428 606 13504 412 320 518 736

me/E < 5 26 16 84 2706 30 5 0 583

120 < m µ⌧ < 130 0 0 2 3 0 0 0 522

Table 2: H ! µ± ! ! signal and background event numbers with our choice
of cuts in di! erent categories.

Table 3:

Channels µ! ! ± e! ! ± e! µ±

ATLAS bound 3.5⇥ 10" 3 2.9⇥ 10" 3

CMS bound 3.2⇥ 10" 3 2.4⇥ 10" 3 5.4⇥ 10" 4

CEPC bound 3.4⇥ 10" 4 3.6⇥ 10" 4 1.0⇥ 10" 4

2 Z0

In estimation of the CEPC bounds (100 billion Z 0),

¥ the statistic uncertainty will be smaller than 2%,

¥ the systematic uncertainty is assumed to be 5%.

Table 4:

Channels µ! ! ± e! ! ± e! µ±

current bound 3.5⇥ 10" 3 3.2⇥ 10" 3 0.9⇥ 10" 3

CEPC bound 2.1⇥ 10" 3 0.9⇥ 10" 3 0.2⇥ 10" 3

Current (PDG2016) vs CEPC (conservative estimates) bound
(95% CL) on the coe" cient g ⌘

!
|gL |2 + |gR|2

For Z 0 ! e± µ! , with 4.0⇥ 106 Z 0, we suppose 104 times Z 0 at CEPC.
The expected background is 0.6 at OPAL, here we have 6000. The statistical
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FIG. 1: Current LHC bounds and expected CEPC bounds for the CLFV Higgs decay rates (left) and

couplings (right) at 95% CL.

Both the expected CEPC bounds and the current LHC bounds on the branching ratios and the

couplings are displayed in FIG. 1.

We also consider the expected CEPC constraints on the new physics cut-o! scale" in the SM

e! ective Þeld theory [55, 56], which contains higher-dimension operators obeying the SM gauge

symmetry. The dimension six operatorsH   H øf i Hf !
j make fermions couple to the vacuum expecta-

tion of the Higgs Þeldv di! erently from to the Higgs boson in the symmetry broken theory, thus

the fermion mass matrices are not proportional to the coupling matrices of the Higgs boson to the

fermions, whose o! -diagonal entries are proportional to v2
"
2! 2 [57], namely

Yij =
v2p
2" 2

Cij , (11)

with i 6= j . Assuming Cij ⇠ 1, the H ! e± µ# branching ratio will give the most stringent upper

bound of " at CEPC, " & 25 TeV. However, the order ofCij depends crucially on ßavor structures

beyond SM. For example, in Randall-Sundrum models [58, 59] with fermions propagating in the

extra dimension [60, 61], we have typicallyCij ⇠
!

Yii Yjj , where the Yukawa couplingYii ⇡ mi /v .

In such a case, theH ! µ± ! # branching ratio will give the most stringent upper bound " & 0.6

TeV.

1710.02510 right-handed neutrino

IV. SUMMARY

CEPC, as a Higgs factory, is an ideal machine for precision study of Higgs properties. In this

paper, we simulate the signals and background of CLFV Higgs decays at CEPC, with 5 ab$ 1

integrated luminosity and 240 GeV center-of-mass energy. We Þnd the expected CEPC upper

bounds for the branching ratios of H ! e± µ# , e± ! # and µ± ! # are 1.2 ⇥ 10$ 5, 1.6 ⇥ 10$ 4 and
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FIG. 1: Current LHC bounds and expected CEPC bounds for the CLFV Higgs decay rates (left) and

couplings (right) at 95% CL.

Both the expected CEPC bounds and the current LHC bounds on the branching ratios and the

couplings are displayed in FIG. 1.

We also consider the expected CEPC constraints on the new physics cut-o! scale" in the SM

e! ective Þeld theory [55, 56], which contains higher-dimension operators obeying the SM gauge

symmetry. The dimension six operatorsH   H øf i Hf !
j make fermions couple to the vacuum expecta-

tion of the Higgs Þeldv di! erently from to the Higgs boson in the symmetry broken theory, thus

the fermion mass matrices are not proportional to the coupling matrices of the Higgs boson to the

fermions, whose o! -diagonal entries are proportional to v2
"

2! 2 [57], namely

Yij =
v2

!
2" 2

Cij , (11)

with i "= j . Assuming Cij # 1, the H $ e± µ# branching ratio will give the most stringent upper

bound of " at CEPC, " ! 25 TeV. However, the order ofCij depends crucially on ßavor structures

beyond SM. For example, in Randall-Sundrum models [58, 59] with fermions propagating in the

extra dimension [60, 61], we have typicallyCij #
!

Yii Yjj , where the Yukawa couplingYii % mi /v .

In such a case, theH $ µ± ! # branching ratio will give the most stringent upper bound " ! 0.6

TeV.

1710.02510 right-handed neutrino

IV. SUMMARY

CEPC, as a Higgs factory, is an ideal machine for precision study of Higgs properties. In this

paper, we simulate the signals and background of CLFV Higgs decays at CEPC, with 5 ab$ 1

integrated luminosity and 240 GeV center-of-mass energy. We Þnd the expected CEPC upper

bounds for the branching ratios of H $ e± µ# , e± ! # and µ± ! # are 1.2 & 10$ 5, 1.6 & 10$ 4 and

7

Current and expected CEPC bounds on the couplings

Current and expected CEPC bounds on the branching ratios

Cuts SZ ll SZ ql ZZ ll ZZ ql ZZ qq SW ql WW ql signal

Ne,µ=1, Nj =2 5684 1248 1464 16504 1945 1063 1627 856

60 < m jj < 100 1578 428 606 13504 412 320 518 736

me/E < 5 26 16 84 2706 30 5 0 583

120< m µ! < 130 0 0 2 3 0 0 0 522

Table 2: H ! µ±! ! signal and background event numbers with our choice
of cuts in di! erent categories.

Table 3:

Channels µ! ! ± e! ! ± e! µ±

ATLAS bound 1.43% 1.04%
CMS bound 1.2% 0.69% 3.5⇥ 10" 4

CEPC bound 1.4⇥ 10" 4 1.6⇥ 10" 4 1.2⇥ 10" 5

Table 4:

Channels µ! ! ± e! ! ± e! µ±

ATLAS bound 3.5⇥ 10" 3 2.9⇥ 10" 3

CMS bound 3.2⇥ 10" 3 2.4⇥ 10" 3 5.4⇥ 10" 4

CEPC bound 3.4⇥ 10" 4 3.6⇥ 10" 4 1.0⇥ 10" 4

2 Z 0

In estimation of the CEPC bounds (100 billion Z 0),

¥ the statistic uncertainty will be smaller than 2%,

¥ the systematic uncertainty is assumed to be 5%.

Current (PDG2016) vs CEPC (conservative estimates) bound
(95% CL) on the coe" cient g ⌘

!
|gL |2 + |gR|2

For Z 0 ! e±µ! , with 4.0⇥ 106 Z 0, we suppose 104 times Z 0 at CEPC.
The expected background is 0.6 at OPAL, here we have 6000. The statistical

4
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(Cheng-Sher Ansatz)

Constraints to EFT 

Constraints to RS models with a proper 
setup

Lepton ßavor violation (Higgs) 

1 H ! e± µ" , e± ! " , µ± ! "

Why such choices?

¥ B(Z ! jj ) # 70%;

¥ Ensure lepton ßavor changing vertices: if rebuilding! by e + /E T in
H ! e! , eejj will cause large background.

¥ H ! e± µ! , e± ! ! , µ± ! !

¥ SZ ll: e+ e" ! + ! " ;

¥ SZ ql: e+ e" jj ;

¥ ZZ ll: µ+ µ" ! + ! " , ! + ! " ! + ! " ;

¥ ZZ ql: µ+ µ" jj , ! + ! " jj ;

¥ ZZ qq: ccøcøc, ddød ød, d ødbøb, bbøbøb, uøusøs, uøubøb, søsbøb;

¥ SW ql: e+ " eøcs;

¥ WW ql: ! + " ! øud, µ" ø" µcøs, µ" ø" µu ød.

Cuts SZ ll SZ ql ZZ ll ZZ ql ZZ qq SW ql WW ql signal

Ne,µ=1, Nj =2 5684 1248 1464 16504 1945 1063 1627 868

66 < m jj < 94 1119 290 448 11828 412 320 518 693

mµ /E < 4 423 95 41 1892 30 5 0 530

121< m e! < 130 9 1 0 0 0 0 0 479

|#e| < 2 5 0 0 0 0 0 0 456

Table 1: H ! e± ! ! signal and background event numbers with our choice
of cuts in di! erent categories.

Current and expected CEPC bounds (95% CL) on the branching ratios
Current and expected CEPC bounds (95% CL) on the coe" cients y"" !

¥ Yij = v2
#

2! 2 Cij , Cij # 1 =$ # ! 25 TeV

¥ Yij = v2
#

2! 2 Cij , Cij # %mi mj /v =$ # ! 0.6 TeV

3

Cuts SZ ll SZ ql ZZ ll ZZ ql ZZ qq SW ql WW ql signal

Ne,µ=1, Nj =2 5684 1248 1464 16504 1945 1063 1627 856

60 < m jj < 100 1578 428 606 13504 412 320 518 736

me/E < 5 26 16 84 2706 30 5 0 583

120< m µ! < 130 0 0 2 3 0 0 0 522

Table 2: H ! µ± ! ! signal and background event numbers with our choice
of cuts in di! erent categories.

Table 3:

Channels µ! ! ± e! ! ± e! µ±

ATLAS bound 1.43% 1.04%
CMS bound 1.2% 0.69% 3.5 " 10" 4

CEPC bound 1.4 " 10" 4 1.6 " 10" 4 1.2 " 10" 5

Table 4:

Channels µ! ! ± e! ! ± e! µ±

ATLAS bound 3.5 " 10" 3 2.9 " 10" 3

CMS bound 3.2 " 10" 3 2.4 " 10" 3 5.4 " 10" 4

CEPC bound 3.4 " 10" 4 3.6 " 10" 4 1.0 " 10" 4

¥ Yij = v2
#

2! 2 Cij , Cij # $ mi mj /v =% " ! 0.6 TeV

¥ Yij = v2
#

2! 2 Cij , Cij # max(mi , mj )/v =% M KK (" ) ! 2.5 TeV

4
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2

In the zero-lepton-mass limit, the result becomes

! (Z ! µ! ! ± )mµ, ! " 0 =
mZ

12"
(
!
!gL

µ!

!
!2

+
!
!gR

µ!

!
!2

). (6)

Similar results are obtained for eµ and e! Þnal states after substitution of the corresponding

coe" cients.

C. LHV ! decays

1. ! ! µ#, e#

The Lagrangian for ! # ! µ# # decay can be written as

L (D )
e! = "

m!

# 2 [(CDR øµ$µ" PL ! + CDL øµ$µ" PR! ) Fµ" + h.c.] , (7)

where $µ" = i
2[#µ , #" ]. The spin-averaged! # ! µ# # decay width is then calculated to be

! (! # ! µ# #) =
1

4" m! # 4 (m2
! " m2

µ)3
"

|CDR |2 + |CDL |2
#

. (8)

In the zero-muon-mass limit, the result becomes

! (! # ! µ# #)mµ " 0 =
m5

!

4" # 4

"
|CDR |2 + |CDL |2

#
. (9)

Similar results are obtained for thee# Þnal state after substitution of the corresponding coe" cients.

2. ! ! µ! µ! µ+

The Lagrangian for ! ! µ# µ# µ+ decay can be written as

L (µ)
e! = "

1
# 2 [(CSLL (øµPL ! )(øµPL µ) + CSRR (øµPR! )(øµPRµ)

+( CV LL (øµ#µPL ! )(øµ#µPL µ) + CV RR (øµ#µPR! )(øµ#µPRµ)

+( CV LR (øµ#µPL ! )(øµ#µPRµ) + CV RL (øµ#µPR! )(øµ#µPL µ) + h.c.].

(10)

Lepton ßavor violation at e+ e! colliders (note)

Qin Qin"

I. THEORETICAL FORMULAE

A. LHV Higgs decays

The Lagrangian for H ! µ# ! ± decay can be written as

L H $ µ! ⌧±
= " Yµ⌧ øµL H ! R " Y⌧µ ø! L Hµ R + h.c., (1)

where the universal factor 1/
#

2 is multiplied to make the coe! cients Yµ⌧,⌧µ consistent with def-

inition of usually-used Yukawa couplings. The H ! µ# ! ± decay width is then calculated to

be

" (H ! µ# ! ± ) =
1

8" m3
H

!
#(mH , mµ, m⌧ )

$
"
(|Yµ⌧ |2 + |Y⌧µ |2)(m2

H " m2
µ " m2

⌧ ) " 4mµm⌧Re(Yµ⌧Y⌧µ)
#

,
(2)

where the# function is deÞned by#(x, y, z) % [x2 " (y + z)2][x2 " (y " z)2]. In the zero-lepton-mass

limit, the result becomes

" (H ! µ# ! ± )mµ, ! $ 0 =
mH

8"
(|Yµ⌧ |2 + |Y⌧µ |2). (3)

Similar results are obtained for eµ and e! Þnal states after substitution of the corresponding

coe! cients.

B. LFV Z 0 decays

The Lagrangian for Z 0 ! µ# ! ± decay can be written as

L Z $ µ! ⌧±
= gL

µ⌧µL /Z ! L + gR
µ⌧ øµR /Z ! R + h.c. . (4)

The spin-averagedZ 0 ! µ# ! ± decay width is then calculated to be

" (Z 0 ! µ# ! ± ) =
1

24" m3
Z

!
#(mZ , mµ, m⌧ )

$

$

(
%
%gL

µ⌧

%
%2

+
%
%gR

µ⌧

%
%2

)

&

m2
Z " m2

µ " m2
⌧ +

m4
Z " (m2

µ " m2
⌧ )2

m2
Z

'

+ 12mµm⌧Re(gL
µ⌧gR"

µ⌧ )

(

.
(5)

" Electronic address: qin@physik.uni-siegen.de

Table 5:

Channels µ! ! ± e! ! ± e! µ±

current bound 3.5 ! 10" 3 3.2 ! 10" 3 0.9 ! 10" 3

CEPC bound 1.8 ! 10" 3 1.0 ! 10" 3 1.6 ! 10" 4

CEPC bound 4.9 ! 10" 4 4.0 ! 10" 4 0.9 ! 10" 4

(only stat. unc.)

un. is 77.5 and at 95% is 155. Compared to upper limit 3, here the factor
should be155/10000/3 = 0.0052. (uncertainty is 1.3%)

For Z 0 " e± ! ! , the expected background is 4 at OPAL, here we have
40000. The statistical un. is 200 and at 95% is 400. Compared to upper
limit 5, here the factor should be 400/10000/5 = 0.008. (uncertainty is
0.5%)

For Z 0 " µ± ! ! , the expected background is 25 at OPAL, here we have
250000. The statistical un. is 500 and at 95% is 1000. Compared to upper
limit 10, here the factor should be1000/10000/10 = 0.01. (uncertainty
is 0.2%)

¥ Owing to di ! erent backgrounds of LHC and CEPC, we
canÕt naively estimate CEPC bounds according to LHC.
Simulation at CEPC will be performed.

¥ For µ! channel, background at ILC has been studied
[1603.06681]. ILC: 1.35 ab" 1; CEPC: 5 ab" 1.

3 ! " 3µ and ! " µ"

B[! " 3µ] # 1.4 ! 10" 3

!
|CDR |2 + |CDL |2

"
(" = 1TeV) , (3)

Current and CEPC bounds (90% CL) on the coe# cient CD $
#

|CDL |2 + |CDR |2

Compared to BaBar, which has 9.6! 108 tau, background is 3.6, expected
UL is 4.8, e# ciency is 6.1%, CEPC has 9.6! 109 tau. The background should
be 36, and then expected UL is 10, the upper limit is 10/(9.6! 109)/6.1% =
1.7! 10" 8.

For ! " 3µ, the background at Belle is 0.13 for 7.16! 108 tau pairs. If
CEPC has 9.6! 109 tau, and we suppose the background is 1, then the UL

5

Cuts SZ ll SZ ql ZZ ll ZZ ql ZZ qq SW ql WW ql signal

Ne,µ=1, Nj =2 5684 1248 1464 16504 1945 1063 1627 856

60 < m jj < 100 1578 428 606 13504 412 320 518 736

me/E < 5 26 16 84 2706 30 5 0 583

120< m µ! < 130 0 0 2 3 0 0 0 522

Table 2: H ! µ± ! ! signal and background event numbers with our choice
of cuts in di! erent categories.

Table 3:

Channels µ! ! ± e! ! ± e! µ±

ATLAS bound 1.43% 1.04%
CMS bound 1.2% 0.69% 3.5 " 10" 4

CEPC bound 1.4 " 10" 4 1.6 " 10" 4 1.2 " 10" 5

Table 4:

Channels µ! ! ± e! ! ± e! µ±

ATLAS bound 3.5 " 10" 3 2.9 " 10" 3

CMS bound 3.2 " 10" 3 2.4 " 10" 3 5.4 " 10" 4

CEPC bound 3.4 " 10" 4 3.6 " 10" 4 1.0 " 10" 4

2 Z 0

In estimation of the CEPC bounds (100 billion Z 0),

¥ the statistic uncertainty will be smaller than 2%,

¥ the systematic uncertainty is assumed to be 5%.

Current (PDG2016) vs CEPC (rough estimates) bounds
(95% CL) on the coe" cients g #

!
|gL |2 + |gR|2

For Z 0 ! e± µ! , with 4.0 " 106 Z 0, we suppose 104 times Z 0 at CEPC.
The expected background is 0.6 at OPAL, here we have 6000. The statistical

4

!"#

#$%#

#$%# !&'(' "

! ! �� ! ! �� ! ����
)*))))

)*)))+

)*)),)

)*)),+

)*))-)

)*))-+

)*)).)

)*)).+

Lepton ßavor violation (Z) 2 Z 0

a
In estimation of the CEPC bounds
(10 billion Z 0, about 0.2 ab! 1, or
one year running with 1034 cm! 2s! 1),

¥ the statistic uncertainties will be

smaller than 2%,

¥ the systematic uncertainties are

assumed to be 5%.

Table 5:

Channels µ" ! ± e" ! ± e" µ±

current bound 3.5 ! 10! 3 3.2 ! 10! 3 0.9 ! 10! 3

CEPC bound 1.8 ! 10! 3 1.0 ! 10! 3 1.6 ! 10! 4

CEPC bound 4.9 ! 10! 4 4.0 ! 10! 4 0.9 ! 10! 4

(only stat. unc.)

Current (PDG2016) vs CEPC (rough estimates) bounds
(95% CL) on the coe! cients g "

!
|gL |2 + |gR|2

For Z 0 # e± µ" , with 4.0 ! 106 Z 0, we suppose 104 times Z 0 at CEPC.
The expected background is 0.6 at OPAL, here we have 6000. The statistical
un. is 77.5 and at 95% is 155. Compared to upper limit 3, here the factor
should be155/10000/3 = 0.0052 . (uncertainty is 1.3%)

For Z 0 # e± ! " , the expected background is 4 at OPAL, here we have
40000. The statistical un. is 200 and at 95% is 400. Compared to upper
limit 5, here the factor should be 400/10000/5 = 0.008 . (uncertainty is
0.5%)

For Z 0 # µ± ! " , the expected background is 25 at OPAL, here we have
250000. The statistical un. is 500 and at 95% is 1000. Compared to upper
limit 10, here the factor should be 1000/10000/10 = 0.01 . (uncertainty
is 0.2%)

¥ Owing to di" erent backgrounds of LHC and CEPC, we
canÕt naively estimate CEPC bounds according to LHC.
Simulation at CEPC will be performed.

5
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Lepton ßavor violation (tau)
There might be chances for CEPC 

¥ For µ! channel, background at ILC has been studied
[1603.06681]. ILC: 1.35 ab! 1; CEPC: 5 ab! 1.

3 ! ! 3µ and ! ! µ"

¥ B factories: 109 taus;

¥ CEPC: 109 " 1010 taus;

¥ Belle II: 1011 taus.

B[! ! 3µ] # 1.4 $ 10! 3 !
|CDR |2 + |CDL |2

"
(! = 1TeV) , (3)

Table 6:

Channels current b.d. on B on CD CEPC b.d. on B on CD

! ! µ" 4.4 $ 10! 8 2.7 $ 10! 4 1.7 $ 10! 8 1.6 $ 10! 4

! ! 3µ 2.1 $ 10! 8 3.9 $ 10! 3 3.9 $ 10! 9 1.7 $ 10! 3

Table 7:

Channels ! ! µ" ! ! 3µ
current b.d. on B 4.4 $ 10! 8 2.1 $ 10! 8

current b.d. on CD 2.7 $ 10! 4 3.9 $ 10! 3

CEPC b.d. on B 1.7 $ 10! 8 3.9 $ 10! 9

CEPC b.d. on CD 1.6 $ 10! 4 1.7 $ 10! 3

Current and CEPC bounds (90% CL) on the coe" cient CD %
#

|CDL |2 + |CDR |2

Compared to BaBar, which has 9.6$ 108 tau, background is 3.6, expected
UL is 4.8, e" ciency is 6.1%, CEPC has 9.6$ 109 tau. The background should
be 36, and then expected UL is 10, the upper limit is 10/(9.6$ 109)/6.1% =
1.7$ 10! 8.

For ! ! 3µ, the background at Belle is 0.13 for 7.16$ 108 tau pairs. If
CEPC has 9.6$ 109 tau, and we suppose the background is 1, then the UL

6

High speed, high reconstruction eff.
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¥ for photon induced ! ! µ transitions

L (D )
e! = "

m!

! 2 [(CDR øµ" µ" PL ! + CDL øµ" µ" PR! ) Fµ" + h.c.] ,

¥ for gluon induced ! ! µ transitions

L (G)
e! = "

m! GF

! 2

#L

4$s

⇥
(CGR øµPL ! + CGL øµPR! ) Ga

#$G#$
a

+
�
C ÷GR øµPL ! + C ÷GL øµPR!

�
Ga

#$
÷G#$

a + h.c.
i

,

¥ for four-lepton operators with ! ! µ transitions

L (4%)
e! = "

1
! 2

⇥
(CSLL (øµPL ! )( ø%PL %) + CSRR (øµPR! )( ø%PR%)

+ ( CSLR (øµPL ! )( ø%PR%) + CSRL (øµPR! )( ø%PL %)

+ ( CV LL (øµ&µPL ! )( ø%&µPL %) + CV RR (øµ&µPR! )( ø%&µPR%)

+ ( CV LR (øµ&µPL ! )( ø%&µPR%) + CV RL (øµ&µPR! )( ø%&µPL %) + h.c.
⇤

,

¥ for lepton-quark operators with ! ! µ transitions

L (%q)
e! = "

1
! 2

X

q= u,d,s

⇥
(Cq

V R øµ&#PR! + Cq
V L øµ&#PL ! )øq&#q

+ ( Cq
AR øµ&#PR! + Cq

AL øµ&#PL ! )øq&#&5q

+ m! mqGF (Cq
SR øµPL ! + Cq

SL øµPR! )øqq

+ m! mqGF (Cq
P R øµPL ! + Cq

P L øµPR! )øq&5q

+ m! mqGF (Cq
T R øµ" #" PL ! + Cq

T L øµ" #" PR! )øq" #" q + h.c.
⇤

.
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2

In the zero-lepton-mass limit, the result becomes

! (Z ! µ! ! ± )mµ, ! " 0 =
mZ

12"
(
!
!gL

µ!

!
!2

+
!
!gR

µ!

!
!2

). (6)

Similar results are obtained for eµ and e! Þnal states after substitution of the corresponding

coe" cients.

C. LHV ! decays

1. ! ! µ#, e#

The Lagrangian for ! # ! µ# # decay can be written as

L (D )
e! = "

m!

# 2 [(CDR øµ$µ" PL ! + CDL øµ$µ" PR! ) Fµ" + h.c.] , (7)

where $µ" = i
2[#µ , #" ]. The spin-averaged! # ! µ# # decay width is then calculated to be

! (! # ! µ# #) =
1

4" m! # 4 (m2
! " m2

µ)3
"

|CDR |2 + |CDL |2
#

. (8)

In the zero-muon-mass limit, the result becomes

! (! # ! µ# #)mµ " 0 =
m5

!

4" # 4

"
|CDR |2 + |CDL |2

#
. (9)

Similar results are obtained for thee# Þnal state after substitution of the corresponding coe" cients.

2. ! ! µ! µ! µ+

The Lagrangian for ! ! µ# µ# µ+ decay can be written as

L (µ)
e! = "

1
# 2 [(CSLL (øµPL ! )(øµPL µ) + CSRR (øµPR! )(øµPRµ)

+( CV LL (øµ#µPL ! )(øµ#µPL µ) + CV RR (øµ#µPR! )(øµ#µPRµ)

+( CV LR (øµ#µPL ! )(øµ#µPRµ) + CV RL (øµ#µPR! )(øµ#µPL µ) + h.c.].

(10)

For Z 0 ! e± µ! , with 4.0 " 106 Z 0, we suppose 104 times Z 0 at CEPC.
The expected background is 0.6 at OPAL, here we have 6000. The statistical
un. is 77.5 and at 95% is 155. Compared to upper limit 3, here the factor
should be155/10000/3 = 0.0052. (uncertainty is 2.6%)

For Z 0 ! e± ⌧ ! , the expected background is 4 at OPAL, here we have
40000. The statistical un. is 200 and at 95% is 400. Compared to upper
limit 5, here the factor should be 400/10000/5 = 0.008. (uncertainty is
0.5%)

For Z 0 ! µ± ⌧ ! , the expected background is 25 at OPAL, here we have
250000. The statistical un. is 500 and at 95% is 1000. Compared to upper
limit 10, here the factor should be1000/10000/10 = 0.01. (uncertainty
is 0.2%)

Table 2:

Channels µ! ⌧± e! ⌧± e! µ±

ATLAS bound 3.5 " 10" 3 2.9 " 10" 3

CMS bound 3.2 " 10" 3 2.4 " 10" 3 5.4 " 10" 4

Current bounds (95% CL) on the coe! cient y #
!

Y 2
!! ! + Y 2

! ! !

¥ Owing to di" erent backgrounds of LHC and CEPC,
we canÕt naively estimate CEPC bounds. Simulation
at CEPC will be performed.

B[⌧ ! 3µ] $ 1.4 " 10" 3 "
|CDR |2 + |CDL |2

#
(# = 1TeV) , (3)

3

2

In the zero-lepton-mass limit, the result becomes

! (Z ! µ! ! ± )mµ, ! " 0 =
mZ

12"
(
!
!gL

µ!

!
!2

+
!
!gR

µ!

!
!2

). (6)

Similar results are obtained for eµ and e! Þnal states after substitution of the corresponding

coe" cients.

C. LHV ! decays

1. ! ! µ#, e#

The Lagrangian for ! # ! µ# # decay can be written as

L (D )
e! = "

m!

# 2 [(CDR øµ$µ" PL ! + CDL øµ$µ" PR! ) Fµ" + h.c.] , (7)

where $µ" = i
2[#µ , #" ]. The spin-averaged! # ! µ# # decay width is then calculated to be

! (! # ! µ# #) =
1

4" m! # 4 (m2
! " m2

µ)3
"

|CDR |2 + |CDL |2
#

. (8)

In the zero-muon-mass limit, the result becomes

! (! # ! µ# #)mµ " 0 =
m5

!

4" # 4

"
|CDR |2 + |CDL |2

#
. (9)

Similar results are obtained for thee# Þnal state after substitution of the corresponding coe" cients.

2. ! ! µ! µ! µ+

The Lagrangian for ! ! µ# µ# µ+ decay can be written as

L (µ)
e! = "

1
# 2 [(CSLL (øµPL ! )(øµPL µ) + CSRR (øµPR! )(øµPRµ)

+( CV LL (øµ#µPL ! )(øµ#µPL µ) + CV RR (øµ#µPR! )(øµ#µPRµ)

+( CV LR (øµ#µPL ! )(øµ#µPRµ) + CV RL (øµ#µPR! )(øµ#µPL µ) + h.c.].

(10)

For Z 0 ! e± µ! , with 4.0 " 106 Z 0, we suppose 104 times Z 0 at CEPC.
The expected background is 0.6 at OPAL, here we have 6000. The statistical
un. is 77.5 and at 95% is 155. Compared to upper limit 3, here the factor
should be155/10000/3 = 0.0052 . (uncertainty is 2.6%)

For Z 0 ! e± ! ! , the expected background is 4 at OPAL, here we have
40000. The statistical un. is 200 and at 95% is 400. Compared to upper
limit 5, here the factor should be 400/10000/5 = 0.008 . (uncertainty is
0.5%)

For Z 0 ! µ± ! ! , the expected background is 25 at OPAL, here we have
250000. The statistical un. is 500 and at 95% is 1000. Compared to upper
limit 10, here the factor should be 1000/10000/10 = 0.01 . (uncertainty
is 0.2%)

Table 2:

Channels µ! ! ± e! ! ± e! µ±

ATLAS bound 3.5 " 10" 3 2.9 " 10" 3

CMS bound 3.2 " 10" 3 2.4 " 10" 3 5.4 " 10" 4

Current bounds (95% CL) on the coe! cient y #
!

Y 2
!! ! + Y 2

! ! !

¥ Owing to di" erent backgrounds of LHC and CEPC,
we canÕt naively estimate CEPC bounds. Simulation
at CEPC will be performed.

B[! ! 3µ] $ 1.4 " 10" 3 "
|CDR |2 + |CDL |2

#
(# = 1TeV) , (3)

Table 3:

Channels current b.d. on B on CD CEPC b.d. on B on CD

! ! µ" 4.4 " 10" 8 2.7 " 10" 4 1.7 " 10" 8 1.6 " 10" 4

! ! 3µ 2.1 " 10" 8 3.9 " 10" 3 3.9 " 10" 9 1.7 " 10" 3

Current and CEPC bounds (90% CL) on the coe! cient CD #
$

|CDL |2 + |CDR |2

3

Table 3:

Channels current b.d. on B on CD CEPC b.d. on B on CD

! ! µ" 4.4 " 10! 8 2.7 " 10! 4 1.7 " 10! 8 1.6 " 10! 4

! ! 3µ 2.1 " 10! 8 3.9 " 10! 3 3.9 " 10! 9 1.7 " 10! 3

Table 4:

Channels ! ! µ" ! ! 3µ
current b.d. on B 4.4 " 10! 8 2.1 " 10! 8

current b.d. on CD 2.7 " 10! 4 3.9 " 10! 3

CEPC b.d. on B 1.7 " 10! 8 3.9 " 10! 9

CEPC b.d. on CD 1.6 " 10! 4 1.7 " 10! 3

Current and CEPC bounds (90% CL) on the coe! cient CD #
!

|CDL |2 + |CDR |2

Compared to BaBar, which has 9.6" 108 tau, background is 3.6, expected
UL is 4.8, e! ciency is 6.1%, CEPC has 9.6" 109 tau. The background should
be 36, and then expected UL is 10, the upper limit is 10/(9.6" 109)/6.1% =
1.7" 10! 8.

For ! ! 3µ, the background at Belle is 0.13 for 7.16" 108 tau pairs. If
CEPC has 9.6" 109 tau, and we suppose the background is 1, then the UL
goes from 2.3 to 2.9. At last, the UL should be (2.9/9.6)/(2.3/1.4)2.1" 10! 8

= 3.9" 10! 9.

" [! ! 3µ] =
m5

!

12288#3# 4

"
16|CV LL |2 + 8 |CV LR |2 + |CSLL |2 + ( L $ R)

#

(4)

Current and CEPC bounds (90% CL) on the coe! cient CD #
!

|CDL |2 + |CDR |2

¥ N! : % 109 at B factories, % 1010 at CEPC

¥ statistic uncertainty dominant

¥ direct constraint is more stringent

4

Lepton ßavor violation (tau)
Constrain the tau-mu-gamma WCs by

¥ the tau to muon gamma decay 
¥ the tau to 3 muon decay 

• N! : ⇠ 109 at B factories, ⇠ 1010 at CEPC

• assuming same tau reconstruction e! ciency

• statistic uncertainty dominant

• direct constraint is more stringent

4 ! ! µh

Compared to BaBar (0610067), which has 6⇥108 tau, CEPC has 9.6⇥109

tau. The background for ⌧ ! µ⇡0 is 1.33, for ⌘µ is 0.7, for ⌘0µ is 0.49, then
for CEPC should be 21, 11, 18. The ratio of �90 should be 8/3, 5.6/2.7,
7/2.5, so the UL should be divided by 16 further. Then 1.1⇥ 10�7(8/3)/16
= 1.8 ⇥ 10�8, 1.3 ⇥ 10�7(5.6/2.7)/16=1.7 ⇥ 10�8, 2.0 ⇥ 10�7(7/2.5)/16 =
3.5⇥ 10�8.

L("q)
e↵ =� 1

" 2

X

q= u,d,s

⇥
(Cq

V Rµ̄�#PR⌧ + Cq
V Lµ̄�#PL⌧)q̄�#q

+(Cq
ARµ̄�#

PR⌧ +C

q
ALµ̄�#

PL⌧)q̄�#�5q

+ m! mqGF (C
q
SRµ̄PL⌧ + Cq

SLµ̄PR⌧)q̄q

+m! mqGF(C
q
PRµ̄PL⌧ +C

q
PLµ̄PR⌧)q̄�5q

+m! mqGF (C
q
TRµ̄�#$PL⌧ + Cq

TLµ̄�#$PR⌧)q̄�#$q+ h.c.
⇤

.

(5)

#[⌧ ! µP ]mµ!0 =

�
m2

! � m2
P

�2

32⇡" 4m!

h��CP
L

��2 +
��CP

R

��2
i

, (6)

C%
L =

f %p
2


(Cu

AL � Cd
AL) +

GFm2
%

mu + md
(muCu

PL � mdCd
PL)

�
. (7)

C&(!)

L =�
f u

&(!)
p
2

Cu
AL �

f d
&(!)
p
2

Cd
AL � f s

&(!)Cs
AL

+ GF

✓
� 1

2
p
2

hu
&(!)Cu

PL � 1

2
p
2

hd
&(!)Cd

PL � 1

2
hs

&(!)Cs
PL + i

9

2
a&(!)C ÷GL

◆
,

(8)

Current and CEPC bounds (90% CL) on B[⌧ ! µP ] and CP ⌘
q
|CP

L |2 + |CP
R |2

8
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Anomalous dipole moments of tau 
(2nd example)

More sensitive to new physics 

Weak moments at Z factories 

EM moments at Z and Higgs factories

¥ Effects proportional to fermion mass

¥ PDG values are still given by LEP1 (Z pole)

¥ Anomalous magnetic moment 

¥ Electric dipole moment (EDM, CP violation)

6 Weak dipole moments of !

Re(dW
! ) < 0.50! 10! 17ecm, Im( dW

! ) < 1.1 ! 10! 17ecm, (weak dipole moment)

Re(! W
! ) < 1.1 ! 10! 3, Im( ! W

! ) < 2.7 ! 10! 3, (weak anomalous magnetic dipole moment)
(14)

! µ
Z " # e

! W
!

2m!
" µ" q" + idW

! #5" µ" q" (15)

# 0.052< g! # 2 < 0.058 (LEP1) $ # 0.052< g! # 2 < 0.013 (LEP2, PDG)
(16)

# 2.2 < Re(d! ) < 4.5 (10! 17ecm), # 2.5 < Im( d! ) < 0.8 (10! 17ecm), (Belle, PDG)

|d! | < 7.2 ! 10! 20ecm, (Super B, 75 ab! 1)
(17)

11

6 Weak dipole moments of !

Re(dW
! ) < 0.50! 10! 17ecm, Im( dW

! ) < 1.1 ! 10! 17ecm, (weak dipole moment)

Re(! W
! ) < 1.1 ! 10! 3, Im( ! W

! ) < 2.7 ! 10! 3, (weak anomalous magnetic dipole moment)
(14)

! µ
Z " # e

! W
!

2m!
" µ" q" + idW

! #5" µ" q" (15)

# 0.052< g! # 2 < 0.058 (LEP1) $ # 0.052< g! # 2 < 0.013 (LEP2, PDG)
(16)

# 2.2 < Re(d! ) < 4.5 (10! 17ecm), # 2.5 < Im( d! ) < 0.8 (10! 17ecm), (Belle, PDG)

|d! | < 7.2 ! 10! 20ecm, (Super B, 75 ab! 1)
(17)

11

6 Weak dipole moments of !

Re(dW
! ) < 0.50! 10! 17ecm, Im( dW

! ) < 1.1 ! 10! 17ecm, (weak dipole moment)

Re(! W
! ) < 1.1 ! 10! 3, Im( ! W

! ) < 2.7 ! 10! 3, (weak anomalous magnetic dipole moment)
(14)

! µ
Z " # e

! W
!

2m!
" µ" q" + ie

dW
!

2m!
#5" µ" q" (15)

# 0.052< g! # 2 < 0.058 (LEP1) $ # 0.052< g! # 2 < 0.013 (LEP2, PDG)
(16)

# 2.2 < Re(d! ) < 4.5 (10! 17ecm), # 2.5 < Im( d! ) < 0.8 (10! 17ecm), (Belle, PDG)

|d! | < 7.2 ! 10! 20ecm, (Super B, 75 ab! 1)
(17)

! µ
Z " ie

!
v! #µ # a! #µ#5 + i

! W
!

2m!
" µ" q" + i

dW
!

2m # $
#5" µ" q"

"
(18)

11

6 Weak dipole moments of !
e

2m⌧
Re(dW⌧ ) < 0.50⇥ 10�17ecm,

e
2m⌧

Im(dW⌧ ) < 1.1⇥ 10�17ecm, (weak dipole moment)

Re(↵W
⌧ ) < 1.1⇥ 10�3, Im(↵W

⌧ ) < 2.7⇥ 10�3, (weak anomalous magnetic dipole moment)

(14)

�µ
Z 3 �e

↵W
⌧

2m⌧
�µ⌫q⌫ + ie

dW⌧
2m⌧

�
5

�µ⌫q⌫ (15)

�0.052 < g ⌧ � 2 < 0.058 (LEP1) ) �0.052 < g ⌧ � 2 < 0.013 (LEP2, PDG)
(16)

� 2.2 < Re(d⌧ ) < 4.5 (10�17ecm),�2.5 < Im(d⌧ ) < 0.8 (10�17ecm), (Belle, PDG)

|d⌧ | < 7.2⇥ 10�20ecm, (Super B, 75 ab�1)

(17)

�µ
Z 3 ie


v⌧�µ � a⌧�

µ�
5

+ i
↵W
⌧

2m⌧
�µ⌫q⌫ + i

dW⌧
2m � ⌧

�
5

�µ⌫q⌫

�
(18)

11
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Anomalous dipole moments of tau
DeÞnition of the weak moments in currents 

Effects of the moments in observables

6 Weak dipole moments of !
e

2m!
Re(dW

! ) < 0.50! 10! 17ecm,
e

2m!
Im( dW

! ) < 1.1 ! 10! 17ecm, (weak dipole moment)

Re(! W
! ) < 1.1 ! 10! 3, Im( ! W

! ) < 2.7 ! 10! 3, (weak anomalous magnetic dipole moment)
(14)

! µ
Z " # e

! W
!

2m!
" µ" q" + ie

dW
!

2m!
#5" µ" q" (15)

# 0.052< g! # 2 < 0.058 (LEP1) $ # 0.052< g! # 2 < 0.013 (LEP2, PDG)
(16)

# 2.2 < Re(d! ) < 4.5 (10! 17ecm), # 2.5 < Im( d! ) < 0.8 (10! 17ecm), (Belle, PDG)

|d! | < 7.2 ! 10! 20ecm, (Super B, 75 ab! 1)
(17)

! µ
Z " ie

!
v! #µ # a! #µ#5 + i

! W
!

2m!
" µ" q" + i

dW
!

2m # $
#5" µ" q"

"
(18)

d"
dcos%!

(s1, s2) = R00 +
#

µ=1 ! 3

Rµ0sµ
1 +

#

" =1 ! 3

R0" s"
2 +

#

µ," =1 ! 3

Rµ" sµ
1s"

2 (19)

11

For example

Linear dependence.

6 Weak dipole moments of !
e

2m!
Re(dW

! ) < 0.50! 10! 17ecm,
e

2m!
Im( dW

! ) < 1.1 ! 10! 17ecm, (weak dipole moment)

Re(! W
! ) < 1.1 ! 10! 3, Im( ! W

! ) < 2.7 ! 10! 3, (weak anomalous magnetic dipole moment)
(14)

�µ
Z " # e

! W
!

2m!
" µ" q" + ie

dW
!

2m!
#5" µ" q" (15)

# 0.052< g! # 2 < 0.058 (LEP1) $ # 0.052< g! # 2 < 0.013 (LEP2, PDG)
(16)

# 2.2 < Re(d! ) < 4.5 (10! 17ecm), # 2.5 < Im( d! ) < 0.8 (10! 17ecm), (Belle, PDG)

|d! | < 7.2 ! 10! 20ecm, (Super B, 75 ab! 1)
(17)

�µ
Z " ie

!
v! #µ # a! #µ#5 + i

! W
!

2m!
" µ" q" + i

dW
!

2m # $
#5" µ" q"

"
(18)

d"
dcos%!

(s1, s2) = R00 +
#

µ=1 ! 3

Rµ0sµ
1 +

#

" =1 ! 3

R0" s"
2 +

#

µ," =1 ! 3

Rµ" sµ
1s"

2 (19)

R13 + R31 % #
&

s
2m!

sin%! cos%! (|ae|2 + |ve|2)Im( a"
! ! w

! )

# 2
$ &

s
2m!

#
2m!&

s

%
sin%! Re(vea"

e)Im( v"
! ! w

! )
(20)

ALEPH (155 pb! 1) to CEPC@Z (0.2 ab! 1), (assuming similar syst. un-
certainty)

e
2m!

Re(dw
! ) < 1.3 ! 10! 19ecm,

e
2m!

Im( dw
! ) < 2.8 ! 10! 19ecm,

Re(! w
! ) < 2.8 ! 10! 5, Im( ! w

! ) < 6.8 ! 10! 5, (CEPC@Z with 0.2 ab! 1)
(21)

! W
! = # (2.10 + 0.61i ) ! 10! 6 (22)

11

6 Weak dipole moments of !
e

2m!
Re(dW

! ) < 0.50! 10! 17ecm,
e

2m!
Im( dW

! ) < 1.1 ! 10! 17ecm, (weak dipole moment)

Re(! W
! ) < 1.1 ! 10! 3, Im( ! W

! ) < 2.7 ! 10! 3, (weak anomalous magnetic dipole moment)
(14)

! µ
Z " # e

! W
!

2m!
" µ" q" + ie

dW
!

2m!
#5" µ" q" (15)

# 0.052< g! # 2 < 0.058 (LEP1) $ # 0.052< g! # 2 < 0.013 (LEP2, PDG)
(16)

# 2.2 < Re(d! ) < 4.5 (10! 17ecm), # 2.5 < Im( d! ) < 0.8 (10! 17ecm), (Belle, PDG)

|d! | < 7.2 ! 10! 20ecm, (Super B, 75 ab! 1)
(17)

! µ
Z " ie

!
v! #µ # a! #µ#5 + i

! w
!

2m!
" µ" q" + i

dw
!

2m # $
#5" µ" q"

"
(18)

d"
dcos%!

(s1, s2) = R00 +
#

µ=1 ! 3

Rµ0sµ
1 +

#

" =1 ! 3

R0" s"
2 +

#

µ," =1 ! 3

Rµ" sµ
1s"

2 (19)

R13 + R31 % #
&

s
2m!

sin%! cos%! (|ae|2 + |ve|2)Im( a"
! ! w

! )

# 2
$ &

s
2m!

#
2m!&

s

%
sin%! Re(vea"

e)Im( v"
! ! w

! )
(20)

ALEPH (155 pb! 1) to CEPC@Z (0.2 ab! 1), (assuming similar syst. un-
certainty)

e
2m!

Re(dw
! ) < 1.3 ! 10! 19ecm,

e
2m!

Im( dw
! ) < 2.8 ! 10! 19ecm,

Re(! w
! ) < 2.8 ! 10! 5, Im( ! w

! ) < 6.8 ! 10! 5, (CEPC@Z with 0.2 ab! 1)
(21)

! W
! = # (2.10 + 0.61i ) ! 10! 6 (22)

11
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Anomalous dipole moments of tau
Naive estimation of the CEPC precision 

Anomalous moments in the effective theory

[hep-ph/9411289]

6 Weak dipole moments of !
e

2m⌧
Re(dW⌧ ) < 0.50! 10! 17ecm,

e
2m⌧

Im( dW⌧ ) < 1.1 ! 10! 17ecm, (weak dipole moment)

Re(! W
⌧ ) < 1.1 ! 10! 3, Im( ! W

⌧ ) < 2.7 ! 10! 3, (weak anomalous magnetic dipole moment)
(14)

! µ
Z " # e

! W
⌧

2m⌧
" µ⌫q⌫ + ie

dW⌧
2m⌧

#5" µ⌫q⌫ (15)

# 0.052< g ⌧ # 2 < 0.058 (LEP1) $ # 0.052< g ⌧ # 2 < 0.013 (LEP2, PDG)
(16)

# 2.2 < Re(d⌧ ) < 4.5 (10! 17ecm), # 2.5 < Im( d⌧ ) < 0.8 (10! 17ecm), (Belle, PDG)

|d⌧ | < 7.2 ! 10! 20ecm, (Super B, 75 ab! 1)
(17)

! µ
Z " ie

!
v⌧#µ # a⌧#µ#5 + i

! W
⌧

2m⌧
" µ⌫q⌫ + i

dW⌧
2m # $

#5" µ⌫q⌫

"
(18)

d"
dcos%⌧

(s1, s2) = R00 +
#

µ=1 ! 3

Rµ0sµ1 +
#

⌫=1 ! 3

R0⌫s⌫2 +
#

µ,⌫=1 ! 3

Rµ⌫sµ1s⌫2 (19)

R13 + R31 % #
&

s
2m⌧

sin%⌧ cos%⌧ (|ae|2 + |ve|2)Im( a"
⌧ ! W

⌧ )

# 2
$ &

s
2m⌧

#
2m⌧&

s

%
sin%⌧Re(vea"

e)Im( v"
⌧ ! W

⌧ )
(20)

ALEPH (155 pb! 1) to CEPC@Z (0.2 ab! 1), (assuming similar syst. un-
certainty)

e
2m⌧

Re(dW⌧ ) < 1.3 ! 10! 19ecm,
e

2m⌧
Im( dW⌧ ) < 2.8 ! 10! 19ecm,

Re(! W
⌧ ) < 2.8 ! 10! 5, Im( ! W

⌧ ) < 6.8 ! 10! 5, (CEPC@Z with 0.2 ab! 1)
(21)

! W
⌧ = # (2.10 + 0.61i ) ! 10! 6 (22)

11

An optimised version might come close to the SM 
prediction

Dim-6 operators

6 Weak dipole moments of !
e

2m!
Re(dW

! ) < 0.50! 10! 17ecm,
e

2m!
Im( dW

! ) < 1.1 ! 10! 17ecm, (weak dipole moment)

Re(! W
! ) < 1.1 ! 10! 3, Im( ! W

! ) < 2.7 ! 10! 3, (weak anomalous magnetic dipole moment)
(14)

! µ
Z " # e

! W
!

2m!
" µ" q" + ie

dW
!

2m!
#5" µ" q" (15)

# 0.052< g! # 2 < 0.058 (LEP1) $ # 0.052< g! # 2 < 0.013 (LEP2, PDG)
(16)

# 2.2 < Re(d! ) < 4.5 (10! 17ecm), # 2.5 < Im( d! ) < 0.8 (10! 17ecm), (Belle, PDG)

|d! | < 7.2 ! 10! 20ecm, (Super B, 75 ab! 1)
(17)

! µ
Z " ie

!
v! #µ # a! #µ#5 + i

! W
!

2m!
" µ" q" + i

dW
!

2m # $
#5" µ" q"

"
(18)

d"
dcos%!

(s1, s2) = R00 +
#

µ=1 ! 3

Rµ0sµ
1 +

#

" =1 ! 3

R0" s"
2 +

#

µ," =1 ! 3

Rµ" sµ
1s"

2 (19)

R13 + R31 % #
&

s
2m!

sin%! cos%! (|ae|2 + |ve|2)Im( a"
! ! W

! )

# 2
$ &

s
2m!

#
2m!&

s

%
sin%! Re(vea"

e)Im( v"
! ! W

! )
(20)

ALEPH (155 pb! 1) to CEPC@Z (0.2 ab! 1), (assuming similar syst. un-
certainty)

e
2m!

Re(dw
! ) < 1.3 ! 10! 19ecm,

e
2m!

Im( dw
! ) < 2.8 ! 10! 19ecm,

Re(! w
! ) < 2.8 ! 10! 5, Im( ! w

! ) < 6.8 ! 10! 5, (CEPC@Z with 0.2 ab! 1)
(21)

! W
! = # (2.10 + 0.61i ) ! 10! 6 (22)

11

OB =
! !

2! 2
øL L H " µ! #RB µ! ,

OW =
!

2! 2
øL L

" i

2
H " µ! #RW µ!

i

(23)

12

OB =
↵0

2⇤2

L̄LH�µ⌫⌧RB
µ⌫ ,

OW =
↵

2⇤2

L̄L
�i
2
H�µ⌫⌧RW

µ⌫
i

(23)

W⌧ = ! (swcw↵
w
⌧ + s2w↵

�
⌧ )✓

L "
1

#
2
W⌧

g

2m⌧
⌫̄⌧�µ⌫⌧RW

µ⌫
+

+ h.c.

◆
(24)

12

OB =
↵!

2⇤2

L̄LH�µ⌫⌧RB
µ⌫ ,

OW =
↵

2⇤2

L̄L
�i
2
H�µ⌫⌧RW

µ⌫
i

(23)

W⌧ = �(swcw↵
w
⌧ + s2w↵

�
⌧ )✓

L 3 1p
2
W⌧

g

2m⌧
⌫̄⌧�µ⌫⌧RW

µ⌫
+

+ h.c.

◆
(24)

12

Combine W decays to set bounds.
17/18



Summary

CEPC is an ideal machine for measurements of Higgs 
and Z couplings (and tau relevant observables) 

Precision of the LFV Higgs decay rates will be 
improved signiÞcantly by CEPC, and also the LFV Z 
decay rates and anomalous weak moments of tau 

Competition on LFV tau decays and EDM of tau 
with Belle II
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Thank you for the attention!

Summary

CEPC is an ideal machine for measurements of Higgs 
and Z couplings (and tau relevant observables) 

Precision of the LFV Higgs decay rates will be 
improved signiÞcantly by CEPC, and also the LFV Z 
decay rates and anomalous weak moments of tau 

Competition on LFV tau decays and EDM of tau 
with Belle II


