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A glance at CEPC

* Higgs involvédmillion Higgs bosons)!
¥ Hff and HffO couplings

* Z involvedlO - 100 billion Z bosons)
¥ Zff and ZffO couplings

* Heavy hadron decé&ysSPC vs Belle I1)

b-hadron species Fraction Number Fraction Number
in decays of  of b-hadron in T(45)/(55) decays  of b-hadron
7% — bb at Z° peak at Y(45)/(59)
BY 0.404 £ 0.009 0.6 x 10"  0.486 =+ 0.006 (Y (45)) 4.9 x 10
BT 0.404 +0.009 0.6 x 10'°  0.514 £ 0.006 (Y(4S)) 5.1 x 1010
B 0.103 £ 0.009 0.02 x 101° 0.201 £ 0.030 (Y(5S)) 0.6 x 1010
0.080 £ 0.015 0.02 x 101° ~ ~

No chance for mesons, unless other advantages (tau recon
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A glance at CEPC

*( Higgs couplipgs

* heavy baryon production and decays

*au production and dezays
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Lepton [R3avor violation
(1st example)

* |Induced by SUSY, extra dimension E

* EXp. hints of lepton non-uni. in B decays

¥ R(D')! B[B" D'!"]/B[B" D'#"] 34
¥ R(D)! B[B" D!"]J/B[B" D#"] 23
¥R ! B[B" Kpul/B[B " Kee]p: 1 gicev? 2.6!

¥ R{gw! B[B " K'upl/B[B " K'edp-0oss1116ev2  2-1!
R T BIB ! K'ulfBB | Kledow i qeey? 2.4
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Lepton [R3avor violation
(1st example)

* Induced by SUSY, extra dimension E

* EXp. hints of lepton non-uni. in B decays
¥ R(D'), R(D), Rk, Rk", ...

* LFV Higgs decay appeared and disappe:
¥XH" Ip

CMS: BH # 7p] = (0.84:°32)% (1502.07400) ! ($ 0.76:°, 5 )% (CMS PAS HIG-16-005)

ATLAS: B[H # ru] = (0.53 + 0.51)% (1604.07730)
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Lepton [R3avor violation

(1st example)

* Induced by SUSY, extra dimension E

* EXp. hints of lepton non-uni. In
¥ R(D'), R(D), Rk, Rk", ...

B decays

* LFV Higgs decay appeared and disappe:

¥H" 'p

CMS: B[H # rp] = (0.847°-3%)9% (1502.07400) ! ($ 0.76° 81y (CMS PAS HIG-16-005
0.37 0.84

ATLAS: B[H # ru] = (0.53 + 0.51)% (1604.07730)

To probe LFV with cleaner chan

4/18



Lepton [3avor violation (Hig

* 3 channels

¥ e—u e—@ @
* Reconstruct b@lc@a

+missing energy

* R e C O n St r u Cl: by d |J e t The dominant production process at the

Higgs factory (240 -250 GeV)

Why such choices?

¥ B(Z! jj)# 70%:

¥ Ensure lepton Ravor changing vertices: if rebuilding! by e+ E+ in
H! e, ee] will cause large background.
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Lepton [3avor violation (Hig

* MadGraphgyenerator for signals

* Whizard:generator for backgroudaél kiiian’s talk
* Pythiahadronization

* Delpheg&ast simulation

Four-fermion background
Category 2|cross section [fb]{Event No. [10000]
szl 342 171 £ Szl ee Lot
Sz 452 226 ¥ SZql: e*e jj;
ZZ |l 18.8 9.4 ¥ ZZ -t p e e R
ZZ_q| 233 117 ¥ZZagl: i, Tt i
ZZ_q9 830 415 ¥ 77 qq: coer, ddd¥ d&B, b, uess, uebl ssif;
SW_ql 667 333 ¥ SW_gl: e "eos;
WW _gl 1792 896 ¥ WW gl ' " ad, g 9, C8, T g ud
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Lepton [3avor violation (Hig

* JO set cuts

. . 350} s :
H — u*t* at CEPC with Vs = 240 GeV = H — u*t* at CEPC with Vs = 240 GeV
300F
|| Background 250k ] Background
¢ Signal £ - ¢ Signal
% 200
= <
o I
100 0’
I ¢
S0[=
0: Py R PR S P i Akl )
40 0 20 80 00 120 140 160
M, [GeV] M,. [GeV]

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

Cuts SZIl | SZql | ZZ 1l | ZZ gl | ZZgqq | SW_gl | WW _gl | signal

Neu=1, Nj=2 5684 | 1248 | 1464 | 16504 | 1945 | 1063 1627 856

60<mj < 100 | 1578 | 428 | 606 | 13504| 412 320 518 736

Mg < 5 26 16 84 /06 30 5 0 583

120<my < 130| 0 0 0 0 0 522
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Lepton [3avor violation (Hig

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

Cuts SZISzqgl|izz Il |\zzZz_gl|ZZ_qq|SW_qgl (WW _gl|signal
Neu=1, Nj=2 |5684 1248|1464/16504 1945| 1063 | 1627 | 5617
7/0<mj < 100 [1099 267 | 408 (12274 321 | 221 | 461 | 4216
117<mg, < 127@ 0 0 0 0 0 0 4115
Signal and background events with cuts of Higgs->e,tau
Cuts SZIl | SZagl | zzIl | ZZqgl | ZZqq | SW_qgl | WW _gl | signal
Ne =1, N;=2 5684 | 1248 | 1464 | 16504 | 1945 | 1063 1627 868
66 < m;; <94 1119 290 | 448 | 11828| 412 320 518 693
MR @ 423 95 41 1892 30 ) o) 530
12)-<-1e—<-130+-9 1 0 0 0 0 0 479
#.| < 2 @ 0 0 0 0 0 0 456
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Lepton [3avor violation (Hig

LH$ phrs =" Yll! HLH!R" Y!u!_LHUR + h.c., Soat Wy

W #$%0#

i + mgy (|
R e e (G (15

-( # L

-( #) |

Current and expected CEPC bounds on the branching ratios

T T
Channels T e I+ e p*
ATLAS bound 1.43% 1.04% '
CMS bound 1.2% 069% |35x10 4 mry
CEPC bound | 1.4x10 * | 1.6 x10 * | 1.2x 10 ° )2l B e
Current and expected CEPC bounds on the couplings (& it |
Channels TN s e i e pt el
ATLAS bound | 3.5x 10 ° | 2.9 x 10 ° g
CMS bound |3.2x10°3|24x10"3|54x%x10 4 uEmiE | mmmmi )
CEPC bound | 3.4x10 4 [3.6x10 % | 1.0x 10 * Y& Ye
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Lepton [3avor violation (Hig

* Constraintsto EFT

¥ Y = #55C;, Cj # 1 =$ # ! 25 TeV

¥ Yj = #%Cij =$ #1 0.6 TeV
\ (Cheng-Sher Ansatz)

* Constraints to RS models with a proper
setup

¥ Y = #£Cji, Cj # max(mi,m)V =% Mg (") ! 2.5 TeV
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Lepton [3avor violation (Z)

In estimation of the CEPC bounds
(10 billion Z°, about 0.2 ab *, or
one year running with 10** cm' %s' 1),

LZ$|J! 7 - ot LZ!L+ R RZ!R"'h-C-
GurH Gur B ¥ the statistic uncertainties will be

my ! s 2 smaller than 2%,
A S, (0 = o (g AP0 :

¥ the systematic uncertainties are
assumed to be 5%.

L) EXE -

Channels o E e 1 e pt - my
current bound | 35! 10 3 [ 3.2! 10 3 | 0.9! 10 3 YD) b s
CEPC Hound | 1.81 10" [ 1.0} 10 * [ 1.61 10 * s skt
CEPC bound |4.9! 10 * | 40! 10 * | 09! 10 * ¥y
(only stat. unc.) e

) |
P
)

Current (PDG2016) vs CEPC (rough estimates) bounds
(95% CL) on the co€ cientsg# |g.|° + |gr][?
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Lepton [3avor violation (tat

* There might be chances for CEPC

¥ B factories: 1@ taus:
¥ CEPC: 10° " 10'° taus:

¥ Belle II: 101! taus.

T3 Topy Toprtr o uKK ropr - un®
O3y 4 - - - - -
Op v/ v/ v/ / —~ =
09 _ _ /(=)  /(1=0,1) — -
0 - _ /(=0)  /(1=0.1) - -
Oca — - 4 v N -
01 _ _ - /=) /=0
09 _ _ _ _ v (I=1) v (I=0)
Oca - - - - - v 12/18




¥ for photon induced ! ! u transitions

el

LP) = ZL[(Corm" "PL! + CoL @ Pr!) Fy + hicl,

¥ for gluon induced ! ! p transitions

m: Gg #
i 2F 431_3 [(CorEPL! + CoLPR!) G33GE?

+ (CgrMPL! + Cy BPR!) GisGR° + h-C-} ,

G 1]
Lé! ) =

¥ for four-lepton operators with ! ! p transitions

LS% = Iiz (CsiL (BPL! )(%L %+ Csrr(BPR! )(PR%
+ (Csir (BPL! )(PRr%+ Csre (BPR! )(%L %
+ (Cv L (B&'PL! )(%&PL %+ Cyrr(B& Pr! )(%&PRr%
+ (Cvir (B&'PL! )(%gPRr%+ CvrL (A& PR! )(%&PL %+ h.c],

¥ for lepton-quark operators with ! | p transitions
(00 - (CyrB&'PR! + CJ @&PL!)
el 2 Z [ VRH R: VLH L - q&#q
g ds

+(CAr B&'PR! + CJ| B&PL!)88%8s0

+ mymGr (CdgPL! + CJ, BPR! )4Q

+ My maGr (CRp@PL! + CJ, BPR! )28

+m mqGe (CHr@" " P! + CJ @' " Pr!)g'# g+ h.c]. 13/18



Lepton [3avor violation (tat

* Constrain the tau-mu-gamma WCs by
¥ the tau to muon gamma decay
¥ the tau to 3 muon decay

m " "
Ly = " 27 [(Cor@$* PL! + Co @8 Pr!) Fyr + hicl
4 #

5
m; 2 2
|ICor |+ [CpL |

4 #4
Bl Su]$ 4510 2 |Cor |2+ |Cpid? = (# =1TeV)

(1 F 1 g ), 0=

e Ni: ~ 102 at B factories, ~ 1010 at CEPC
Channels 0 B Y | 11 3u

current b.d. on B | 44" 10 ° | 21" 10 ® | e assuming same tau reconstruction e! ciency
current b.d. onCp | 27" 1004 | 3.9" 10 8
CEPCbd. onB | 1.7" 108 39" 10 9 e statistic uncertainty dominant

CEPC b.d. onCp | 1.6" 10 %4 | 1.7" 10 °

e direct constraint is more stringent

N))
Current and CEPC bounds (90% CL) on the coé cientCp # |CpL |2+ |Cpr |?
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Anomalous dipole moments
(2nd example)

* More sensitive to new physics
¥ Effects proportional to fermion mass

|W dW

* \Weak moments at Z factories | © om TS
¥ PDG values are still glveLrEIBM (Z pole)

S (d¥) < 0.50 x 10~ ecm, 5 Im(dW) < 1.1 x 10~ 7ecm, (weak dipole moment)

Refort < 1100107 Lala)

WY < 2.7 x 1073, (weak anomalous magnetic dipole moment)

* EM moments at Z and Higgs factories
¥ Anomalous magnetic moment
#0.052< g, # 2< 0.058(LEP1) $# 0.052< g, # 2< 0.013(LEP2, PDG)

¥ Electric dipole moment (EDM, CP violation)

#22< Re(d) < 45 (10 YYecm),#2.5< Im(di) < 0.8 (10 ’ecm), (Belle, PDG)
ld/ | < 7.2! 10 %°ecm, (Super B, 75 ab 1)
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Anomalous dipole moments c

* Debnition of the weak moments in current
! | W gw

Il.lll' l_l p, _I_"!lll,l"l_l_' :
Lo e Vi HE s I—Zm! o I2m#$

#5|| p" q'

* Effects of the moments in obgervables
d" # #

i u . — L
Teoet (S1,S2) = Roo + Ruosy + Ro'S, + Ry SiS,

u=1! 3 "=113 MU=1! 3

For example

&
Sk - 4 "
Ris+ Rap % # u Sin% cos% (|ae|? + |Ve|2)|m(a!

' X %

S : y y
2 —# @ sm%Re(veae)lm(V.
2m; S |

Linear dependen|
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Anomalous dipole moments c

* Nalve estimation of the CEPC precision

_——Re(d") < 13! 10 ecm, __—Im(d") < 2.8! 10 “ecm,
!

2m
Re(! ") <Im(! ') <6.8! 10 >)(CEPC@Z with 0.2 ab *)

| W = #(2.10+0.61)! 10 ® [hep-ph/9411289]

* Anomalous moments in the effective theo

Dim-6 operators

Op = S5 H" w #BY RS (s o A sl
o iy, | 1 2 7
OW - F@L EH ! #RWiu (ﬁB \/ﬁliniTVTJMVTRVIG_ -I—h.c.)

Combine W decays to set bg
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Summary

* CEPC is anideal machine for measurements of |
and Z couplings (and tau relevant observables)

* Precision of the LFV Higgs decay rates will be
Improved signibcantly by CEPC, and also the LF
decay rates and anomalous weak moments of ta

* Competition on LFV tau decays and EDM of tau
with Belle I
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