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Introduction

Mibe-San’s talk
MmMuaon 9-2 anomaly (See also Saito-san’s talk)

Difference between the experimental value
and the SM prediction

a,”P [10717] oa, = a,; P —ay" [10717]
26.1 £ 8.0 (3.30) HLMNTT |
31.6 £ 7.9 (4.00) THLMNTO
11659208.9 = 6.3 33.5 +8.2 (4.10) BDDJ12
28.3 £8.7 (3.30) JST11
28.7 £ 8.0 (3.60) DHMZ12

3-4 o deviation
possibly an evidence of new physics



If this anomaly Is due to new physics, .....

The size of anomaly

da, = (26.1 +8.0) x 10"

IS comparable to the electroweak contribution

a," = (15.4+0.1)

x 10~ 1V

we expect new particles with

=W scale mass

—> strong constraints from EW precision data
——— good target at near future experiments

We may be able to discover the hew physics before new experiment or/

and new (improved) calculation for

muon g-2 are done.

S0. we should study it NOW!



S. Kanemitsu and K. Tobe PRD86, 095025 (2012)

Effective operator for the muon g-2
y(H)

L = A2

wro" prFy, +h.c.

* muon chirality has to be flipped

It there is a large chirality flipping, the muon g-2 can
be enhanced and the new physics scale can be
larger and hence the EW constraints are avoided.




We find that the muon g-2 anomaly can be explained
by the u- T flavor-violating Higgs couplings
IN general two Higgs doublet mode

motivated by the CMS excess

h— ur —
i The u— T flavor-violating coupling
can enhance the muon g-2
muon g-2

General 2HDM can explain both anomalies.
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General two Higgs doublet model (ZHDM)

(both Higgs doublets couple to all fermions)



A basis where one Higgs doublet has vev ("Higgs basis”)

GT HT
Hy = vt +iG |, H2 = ¢2+iA |
V2 V2

G, G : Nambu-Goldstone bosons
H*, A :charged and CP-odd Higgs bosons

In fermion mass eigenbasis (lepton sector)

L= — Ly Hy.er — L Hap? e,

7 _ ( VMNsVL )
€L

pr (f =d, u, e): flavor violating Yukawa couplings

scalar mixing
¢1\ [ cosbp, sinfg, H SM Iimit
o ]\ —sinflg, cosbs, h |- Ca — 0

mass eigenstates Spa = 8N bga, Cga = CcOSbpq



neutral Higgs mass spectrum from tree level potential

For cga <1
As — A
miﬁ :mi | > 207

2
m3; ~ my + \sv”

A4.5; Higgs quartic couplings

Note: correction to Peskin-Takeuchi T parameter
When ma =~ mpg+,

the small cgo suppresses the correction

Here, we mainly consider a case with Ay, = A5 = 0.5



General 2HDM predicts

Flavor-changing phenomena mediated

by neutral Higgs bosons
Bjorken and Weinberg, PRL 38, 622 (1977)

his may be a problem If we do not observe
any flavor-changing phenomena beyond the
standard model.

Sut, now....



CMS collaboration has reported an excess in h — ur
CMS: arXiv: 15602.07400
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CMS best fit:
BR(h — pr) = (0.8479-39%

2.4 0 excess

Talk by P. Onyisi
@FPCP 2015
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ATLAS: arXiv: 1508.03372

ATLAS
BR(h — ut) =
ATLAS: arXiv: 1508.03372

(0.77 + 0.62)%

consistent with CMS

CMS best fit:
BR(h — ur) =

(0.8477:57) %

2.4 0 excess

Hint for new physics!



h —-u T and muon g-2 in general 2ZHDM




Sierra and Vicente, 1409.7690, Crivellin et al.,

1501.00993, Lima et al., 1501.06923, -

h % T Before the CMS excess, see Pilaftsis, PLB 285, 68 (1992);
lu‘ Assamagan et al, PRD 67, 035001 (2003); Brignole and
Rossi, PLB 566, 217 (2003); Kanemura et al, PLB 599, 83
(2004); Arganda et al, PRD 71, 035011 (2005); «----- ,
CMS result Blankenburg, Ellis, Isidori, PLB712, 386 (2012),-----

BR(h — p1) = (0.84703)%
2HDM prediction
oo ([PET 17+ [pZH]F)m
;6ﬂrh 7

BR(h — ut) =

pr =[PP

01\ /B
~ 0.26 C—O ) ‘) \/ R(h = p7)
Cla 0.84 x 102

General 2ZHDM can explain it easily

result




muon g-2

Induced by the u-1 flavor violating coupling

Hr pém- TR / TL p'é',u UR
chirality flipping y
My
O <> enhancement
my,

The u— 1 flavor-violating coupling
can enhance the muon g-2




muon g-2

_ m, = 350 GeV
>

=3

I

-

as

aa

-0.01 -0. 006 -0.002
Cha

Soth anomalies in the muon g-2 and h — urt
can be accommodated in the general 2ZHDM



BR(h — pr) = 0.84%

2()() 300 400 500

| cgo | should be very small



Predictions (constraints)



T = py

1-loop contributions

s
/

/

T T T
»L o/ <R . >L . iL (LHR)

y¢7‘7‘ %l%
Z2-loop contributions !

Chang, Hou, Keung, PRD48, 217 (1993) Y
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For a case with pl™ = p;’ =0 = 08|
06
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cgo = —0.007
da, = 2.2 x 1079
BR(h— ut ) =0.84%

For a case with p.” # 0, pf # 0

0.2 g""l""l""|'"'|""|""|""|""E
Olg 01 BR(T—uy )[10 ] E
1 A :
Pu o
3 4.4
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C

The size of the rate can be within the reach of the
future B-factory



BR(h — ut ) [%]

Correction to 7 — uvv decay

Y

T pf{// oD — uw) =
>

-

> T I
\
Pe

ma =

H =

Vr
350 GeV

—0.006

—O 002

BR(r — uvv) =

(17.41 4

- 0.04)%

5”6Xp” ~ 2 X 10_3



Note: BABAR collaboration

lepton universality measurement
PRL 105, 051602 (2010)

(g_M)Z Bl = p v,v:) flme/my)

¢.): Bt —e v, fmd/md)

<g_“> = 1.0036 + 0.0020 (BaBar)
Je

1
=1+ 55 (our model)

The precise measurement may be important.
Belle's result will be very interesting.



+ Summary

* General 2ZHDM predicts the flavor-violating
phenomena, mediated by neutral Higgs bosons

* The CMS excess in h — ut decay can be

explained by the general 2ZHDM.
More data from LHC will be important.

* We have found that the flavor-violating interactions
relevant to the CMS excess enhance the neutral
Higgs contributions to the muon g-2 and It can
resolve the muon g-Z2 anomaly.

*x T — MY and 7 — prr are interesting
INn this scenario



Process typical value observability
muon g-2 da, = (2.6 +£0.8) x 107 (input)
T — WY BR < 107 0
T — ey small X
T—ultl™ (l=e, p) depends on pt" and pce (o)
T e T, e ute, uetu” small X
T — U7 depends on p3° (o)
T — UVU § < 1073, lepton non-universality JAN
T — evv small, lepton non-universality AN
L —> ey depends on po°”) and pret) (o)
[t — e conversion depends on pt %) and pilj;u (o)
1 — 3e BR < 10719 (o)
muon EDM 0d,| < 107*%¢ - cm (o)
electron g-2 small X




LEFV Higgs decay mode BR
h — ur BR = (0.84703)% (input)
h — et small X
h — eu small X

* Flavor physics in quark sector should be interesting

* Interplay between LHC and flavor physics is important



Backup slides






CMS collaboration has reported an excess in h — ur
CMS: arXiv: 1502.07400

Table 6: Event yields in the signal region, 100 < M. < 150GeV after fitting for signal
and background. The expected contributions are normalized to an integrated luminosity of
19.7fb~!. The LFV Higgs boson signal is the expected yield for B(H — ut) = 0.84% with the
SM Higgs boson cross section.

H— ung, H— ut

Sample 0-Jet 1-]Pét 2Jets 0-Jet 1-]e]f 2Jets
misidentified leptons 1770 £530 377+ 114 18+1.0 | 42+17 16+£7 1.1+07
ARG, 187410  59+4 04402| 65+3 3942 13402
77, WW 46 + 8 1543 02402 | 4147 2244 07402
Wey — — — 242 242 _

Z — ee or up 110423 2047 0140116407 18+08  —
tt 22406 24+3 094+05[48+07 3043 18404
tt 224+11 1343 05405|19402 68+08 02+0.1
SM H background 71413 53408 16405|19403 1.6+£02 06+0.1
sum of backgrounds 2125+530 513+114 54+14 | 160+£19 11849 56409
LFV Higgs boson signal 66 £ 18 308 29411 | 23xL6 133 12=03
data 2147 511 10 180 128 6

a best fit: BR(h — p7) = (0.84793)%

2.4 0 excess



neutral Higgs mass spectrum from tree level potential

potential

V =M} H{H, + M}H}H, — (M122HIH2 T h-C->

A A

+ S (HIH))? + SH(HJHy)? + No(HIHy) (H Hy) + \a(H] Hy)(HJH,)
A

+ 25(HTH2) {A6(HIH1)+A7(H§Hz)}(HIHz)+h-C--

relations among Higgs masses

2
m? — m; —U—z()\ — A\g)
A H+ — 9 5 4),
(m3 —my;)” = {m5 + (A5 — )\1)2)2}2 + 4N,
2)\602




Now, ¢g, <1 - g < 1

mi ~ )\11}2,

2 .2 2

Mg — A
A3+ A — A
m?% = M2 1 3 T 24 502

Note: correction to Peskin-Takeuchi T parameter

When ma = mpg-+,
the small csa sSuppresses the correction

Here, we mainly consider a case with Ay = A5 = 0.5



2
2 my 3

S mumeptTppt | e 108 T — 5)
Uy = 2 5
167 ms

2 1 m?{ 3 1 m?q 3_
| Sﬁa( Og m% 5) 08 m% 2
| 2 2 )
Ly Uy

It all neutral Higgs bosons are degenerate,
the new contributions are suppressed






L4

T(Tw)
_ Pg/ L
>

N
Youp

o=~h, H, A ~

1

“ven if other ps (other than pgT(T“)) are negligible,

non-zero rate of  — 3u Is predicted
BR(T = 31)exp. < 2.1 x 10~°

but it is very small O(10~"° — 10~ '%)
(since muon Yukawa is very small)

_ ﬂmu

U

Yy ~ 6 x 10"
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BR(t — 3w )/10

pr(Tw) y
(&
T
>
N
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7
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C o= —0.007
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L L

BR(T — 31)exp. < 2.1 x 107°



0. 2
p5°| < 0.007 (—3 ( ma )
PHT 350 GeV

Note: vy, = * ~5x107%




Other lepton flavor violating Yukawa couplings
(e- T, e-u couplings) are strongly constrained
from u—ey process

e- T flavor violation

large enhancement



BR(u— €Y )[10
15 T RARRRRRRE BERRRRERS (. ........ I,,,,”)”[H”m”]:

1O ¢ 57
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/10

strongly constrained



e- 4 flavor violation

similar to T —u r, 2-loop contributions are important

BR(u—eY)[10

4 T T

3 5.7 3

2 F E

cu —4 3 1.0 :
—451 | | I | |

-4 =2 0 2 1



Muon electric dipole moment
(muon EDM)




pET pTH = | phT pTH |e*?

Imaginary parts of the Yukawas induce the muon EDM

€

L = ot ( 0a,, ;5%%) wk,,

4m,

A relation between da, and od,

od,, e tan ¢

5% 2m,,




od,  etang

@ 2m,

Prediction

5du — —3x107% ¢e¢-cm X tan ¢ 5%
1.0 3x 1079

Current limit

d,) <1.9%x 107" e-cm (95% C.L.)
Future (J-PARC)

d, ~ 107%* ¢ - cm

future J-PARC experiment may have a sensitivity



FIG. 12: BR(x — 3e) as a function of p¢¢ and pt°. Here we have assumed that pt° = pe”,
cga = —0.007 and m4 = 350 GeV with Ay = A5 = 0.5.

Future Mu3e experiment (BR ~ 107%) may have
a sensitivity



Productions via gauge interaction are more predictive
qq/ N W::* N AH::*

Q.-H. Cao, S. Kanemura, C.-P. Yuan, PRD 69, 0/5008 (2004)

ob) .
100 -~ NLO
. LHC 14 TeV
10’
10" R
AH
0" Tevatron
100 200 300 400

M, (GeV)

FIG. 1: The LO (dotted lines) and NLO QCD (solid lines) cross sections of the AH' and AH™
pairs as a function of M, at the Tevatron (a 1.96 TeV pp collider), and the LHC (a 14 TeV pp

collider). The cross sections for AH™ and AH~ pair productions coincide at the Tevatron for

being a pp collider.
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Spa should be close to 1 ( €ga is very small)

- non-degeneracy among neutral Higgs bosons increases
the muon g-2



