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Outline

* A glance at flavor measurements at CEPC

* Two examples
 Lepton flavor violating Higgs, Z and tav decays

e Anowmalous weak dipole moments of tau

* Summary
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A glance at CEPC

* Higgs involved (1 million Higgs bosons)
o Htfand Hff couplings

* Z involved (10 - 100 billion Z bosons)
o Zffand Zff couplings

* Heavy hadron decays (CEPC vs Belle II)

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 reconstruction).
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A glance at CEPC

*(Higgs couplings

* heavy baryon production and decays

*fav production and decays
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Lepton flavor violation
(1st example)

* |nduced by SUSY extra dimension ...

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

e R(D*)=B|B — D*rv|/B|B — D*{V] 3.40
e R(D)=B|B— Drv|/B|B — D/{v] 2 50
o RK == B[B = K,U,U]/B[B = K@@]q2€[176](;ev2 2.60

’ le%vf = B|B = K"up|/B|B — K"ee€|2c(0.045,1.1)cev2 210
RIS = BB — K*up)/B[B — K*eel pepy 1 goev: 2-40
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Lepton flavor violation
(1st example)

* |nduced by SUSY extra dimension ...

* Exp. hints of lepton non-uni. in B decays
e R(D*), R(D), R, Ri», ...

* LFV Higgs decay appeared and disappeared

o
CMS: B[H — 7u] = (0.847232)% (1502.07400) = (—0.7617227)% (CMS PAS HIC-16-005)

ATLAS: B[H — 7u] = (0.53 + 0.51)% (1604.07730)
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Lepton flavor violation
(1st example)

* |nduced by SUSY extra dimension ...

* Exp. hints of lepton non-uni. in B decays
e R(D*), R(D), R, Ri», ...

* LFV Higgs decay appeared and disappeared

o
CMS: B[H — 7u] = (0.847232)% (1502.07400) = (—0.7617227)% (CMS PAS HIC-16-005)

ATLAS: B[H — 7u] = (0.53 + 0.51)% (1604.07730)

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

* 9 channels <

o H%ei;ﬁ,ei@ i@
* Reconstruet by@or@

+ missing energy

%k KQOO“S‘rruc‘r bv diie‘l’ The dominant production process at the

Higgs factory (240 -250 GeV)

Why such choices?
o B(Z — jj) ~ T0%;

e Ensure lepton flavor changing vertices: if rebuilding 7 by e + Fp in
H — et, eejj will cause large background.
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Lepton flavor violation (Higgs)

* MadGraph: generator for signals

% Whizard: generator for backaround see xiians talk
% Pythia: hadronization

* Delphes: fast simulation

Four-fermion background
Category®|cross section [fb]|Event No. [10000]
Szl 342 171 o SZ I eerog
S7._ql 452 226 ¢ SZ.ql:{ete77;
77 11 18.8 0.4 o /77 1l: M+M_T+T_,T+T_T+T_;
77 _ql 233 117 o 77 ql:iut T g s ey
77._qq 830 415 o 77._qq: cccc, dddd, ddbb, bbbb, uuss, uubb, s5bb;
SW _ql 667 333 o SW_ql: etv,cs;
WW_ql 1792 896 e WW ql: 7Hv,ad, p~v,c8, p~ vud.
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Lepton flavor violation (Higgs)

* To 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 40 160
M, [GeV] M,. [GeV]

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

Cuts SZ1 | SZ.ql | ZZ 1 | ZZ gl | ZZ.qq | SW.ql | WW _ql | signal

Ne =1, N;=2 5684 | 1248 | 1464 | 16504 | 1945 1063 1627 856

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

Mep <O 26 16 84 706 30 5 0 583

120 < my,, < 130 0 0 0 0 0 522
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Lepton flavor violation (Higgs)

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

Cuts SZ N\ SZ_ql|ZZ 1|27 _ql|ZZ_qq|SW _ql| WW _ql|signal

Ne =1, N;=2 5684|1248 |1464|16504| 1945 | 1063 | 1627 | 5617

70 <mj; <100 (1099 267 | 408 {12277 321 | 221 461 4216

HiE o @ S RN i ML SRR, 0 O-——1At15

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

Cuts SZ 1l | SZ_.ql | ZZ11 | ZZ_ql | ZZ_qq | SW_ql | WW_gl | signal
Nelg=1,V;=2 5684 | 1248 | 1464 | 16504 | 1945 | 1063 | 1627 868
66 < m;; < 94 1119 | 290 | 448 | 11828 | 412 320 518 693
mug,, <4 423 95 41 1892 30 5 0 530
12-<grr<130 9 1 0 0 0 0 0 479
7| < 2 @ 0 0 0 0 0 0 456
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Lepton flavor violation (Higas)

CH_W:FTi - — ,u,T,aLHTR — Yﬂﬂ_'LH,LLR + h.c., mEEt

0.001}

mmp
D(H = 557500 = S (Ve + Vo)

HmLHC
B CEPC

Blep)

| B(é T)

1074}
107}
Current and expected CEPC bounds on the branching ratios
Channels o eTr+ eT ™
ATLAS bound 1.43% 1.04%
CMS bound 1.20% 0.69% 3.5 x 104
CEPC bound || 1.4 X 10=% | 1.6 x 1071* | 1.2 x 107° 103
Current and expected CEPC bounds on the couplings 5.x107
Channels Ut eFrt eyt Rk set
ATLAS bound | 3.5 x 1073 | 2.9 x 1073 Haee
CMS bound | 3.2x1073 | 2.4x 1073 | 5.4 x 10~4 e
CEPG bound | [ 34 x10°* [ 36 x 10 F 10X 10*

HmLHC
ECEPC

Vi

Vs
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Lepton flavor violation (Higas)

* Constraints to EFT

e — A > 25 TeV

¢ Yij = EaCiyCy ~ JTGD=> A 2,06 Tev
\ (Cheng-Sher Ansatz)

* Constraints to RS models with a proper
setup

o Y,;j = %CM, Cz'j By max(mi,mj)/v — MKK(A) Z 2.5 TeV
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Lepton flavor violation (Z)

EZ—),u:FT:I:

P& a7, 20 = g—idgbf M)

= gL pr 2+ g irZTR + h.c.

Channels R eFr™ eFpu™
current bound 7B TECV 201 P 2 Y9 2 V200 1 e 0 O WAV ks
CEPC Hound  [[1.8 x 1072 | L.Ox 1072 [ 1.6 x 107
CEPC bound | 4.9 x107* | 4.0 x10~* | 0.9 x 10~*

(only stat. unc.)

Current (PDG2016) vs CEPC (rough estimates) bounds

(95% CL) on the coefficients g = \/‘gL‘Q e ‘QR‘Q

In estimation of the CEPC bounds

(10-billiont 2" -about 0:2t1ab— or
one year running with 103* em=2s71),

e the statistic uncertainties will be

smaller than 2%,

e the systematic uncertainties are

assumed to be 5%.

0.0035
. ELHC

0.0030F mCEPC

0.0025F MCEPC(stat)

0.0020F

0.0015L
0.0010F

0.0005 L

0.0000E

Jeu Jer 9ur



Lepton flavor violation (fau)
* There wmight be chances for CEPC

e B factories: 10” taus:
e CEPC: 10? ~ 10'° taus;

e Belle II: 10! taus.

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




for photon induced 7 — i transitions

D
££ﬁ") B

mr

_F [(CDR,L_LO"W/PLT S5 CDL,L_LO"U’VPRT) F,LW —+ h.C.] \

for gluon induced 7 — u transitions

~ m;Gp L,
A2 4o,

S (C@RﬁPLT T C@LﬁPRT) Ggaéga mm h.C.} ,

Lég) — [(CGRﬁPLT + CaritPRT) GZUGZU

for four-lepton operators with = — p transitions

1

= — — [(Csrr(RPLT)(¢PrL) + Csrr(EPrT)({PRL)

- (CSLR(/]PLT) (EPRE) N CSRL(/]PRT) (ZPLf)
+ (Cvio(By* Pr7)(byuPrl) + Cvrr(By" PrT7) ({yu PrE)
+ (Cvirr(@y" Prr)(byuPrE) + Cy R (B PRT)(8yuPrLl) + h.c.],

for lepton-quark operators with 7 — u transitions

L(EQ) i

eff

1 - - S
SEaEsTOL Z (CY gY" PrT + CY, iy* PLT) 37,9

q=u,d,s
i (C%RﬂVPPRT 5 CZ;L,L_WpPLT)CTYp”%q
+ m,myGp(CLpiPrT + Cd iPrT)qq
+ mymyGr(ChpiiPLT + Ch iPrT) V59
+m,mgGr(Chpiic?™ P + Cfr 1o PRT)q0pq + h.c.] :
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Lepton flavor violation (fau)

* (Constrain the tav-mu-gamma WCs by
e the tau to muon gamma decay
e the tau to 3 muon decay

mr

L =37 (

@oille” 457 DT Lo PR I, A I0e)|
5

m’T
gt (100RF" % 1Cpaf

Blr — 3u) =~ 1.4 x 1072 (|Cpr|* + |Cp|?) (A = 1TeV)

B~ N—V)mu—ﬂ) a

o N.t ~ 107 at B factories, ~ 101% at CEPC

Channels T — Wy T — 3l

current b.d. on B | 4.4x107% | 2.1 x107® | e assuming same tau reconstruction efficiency
current b.d. on Cp | 2.7 x 1074 | 3.9 x 1073
CEPUBd en B <l [30xT10 2 e statistic uncertainty dominant

CEPCbd. onCp | 1.6 x107% | 1.7 x 1073

e direct constraint is more stringent

Current and CEPC bounds (90% CL) on the coefficient Cp = /|Cpr|? + |Cpr|?
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Anomalous dipole mowments of tau
(2nd example)

* More sensitive to new physics
o Effects proportional fo fermion mass

= 9—e£0“” AN i 50" q,
* Weak mowments at Z factories 22 S g,

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

27; Re(dV) < 0.50 x 10~ 7ecm, 2:%

Re(a)V) < 1.1 x 1073, Im(a?) < 2.7 x 1073, (weak anomalous magnetic dipole moment)

Im(d”) < 1.1 x 10~ 7ecm, (weak dipole moment)

* EM mowments at Z and Higgs factories

e Anomalous magnetic moment
—0.052 < g, — 2 < 0.058 (LEP1) = —0.052 < g, — 2 < 0.013 (LEP2, PDG)

e Electric dipole moment (EDM, CP violation)

— 2.2 < Re(d;) < 4.5 (107 ecm), —2.5 < Im(d;) < 0.8 (10" "ecm), (Belle, PDG)
d-] <17.2 x 107 %%cm, (Super B, 75 ab~ 1)
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Anowmalous dipole moments of tau

* Pefinition of the weak mowments in currents

. S8l arie
F% 9 1€ /UT/ylu B3 a/'r,y’u},y5 I [/ a O-lul/qy I v - ’75O-ILLVQV

* Effects of the moments in observables

do

————(s1,52) = Roo+ ) Ruos{+ Y Rosi+ D, Ruslsy
e u=1-3 v=1-3 wr=1-—3

For example

13y o Liei® O 2\/5 sin 0, cos O, (|ae|® + \ve|2)1m(a
My
2
_2<\/§ s )sm@ Re(vea ) Im(v
2, & a5

Linear dependence.
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Anowmalous dipole moments of tau

* Naive estimation of the CEPC precision

) < 1.3 x 107 Pecm, —Im d'w < 2.8 x 107 Yecm,
- < (CEPCQZ with 0.2 ab™?)

ol = —(2.10+0.613) x 107° [hep-ph/9411289]

* Anomalous mowments in the effective theory

Dim-6_operators

/

pv We' w O 4
Op = QAQLLHOM vTrRB k. = —(Swcwa: + s; o)
1
OW WLL HO_,LL TRLL #e e \/i’ir/QiTDTOMVTRWiW_Fh'C')

Combine W decays to set bounds.
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Sumwary

* 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 significantly by CEPC, and also the LFV Z
decay rates and anomalous weak moments of tau

* (Cowmpetition on LFV tau decays and EVM of tau
with Belle Il
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