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I propose a hew model
“Muon Specific two-Higgs doublet model”

to solve the muon g-2 anomaly

1. Introduction
* muon g-2
*x why yet another model for muon g-2?

2. preliminary result

3. summary



Muon g-2
the property of muon as a magnet
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Status: more than 30 deviation
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BSM might be the origin of this large deviation



Muon g-2 and two-Higgs doublet model

two-Higgs doublet model is a good candidate for the muon g-2!
* simple extension from SM
* [arge coupling to leptons (type-II and type-X (lepton specific))
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Broggio et.al. ("14), Wang and Han (15), TA, Sato, Yagyu ('15), and so on

For the aligned THDM: Han, Kang, Sayre (‘16)
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type-X vs lepton flavor universality

H* changes T~uv v, T—~ev v,and u—ev v in a flavor dependent way
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Effective coupling of T—u v v becomes different from the other two processes

ms; = my: = 250 GeV (type-X)

m, [GeV]
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type-X vs lepton flavor universality

H* changes T~uv v, T—~ev v,and u—ev v in a flavor dependent way
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muon specific model

up down e, T u
Bs > uu

type-ll 1/tanB tan B tan B tanB and B — T v
exclude g-2 region
_ lepton universality

type X_ | 1/tanfB 1/tanfB tanB tanpB gives severe

(lepton specific) constraints

WPe-L | q/tanB  1/tanB | 1/tanB  tanpB new!

(muon specific)

e change tanf into 1/tanf in order to avoid constraints
 Yukawa terms in each model
type-11 : g, H> ugr + g, H; dpr + L*Hier+ LT Hy T+ L/H Hy MR

type-X :
type-H

g H>ur +q Hyydr + Li*Hyer+ LT Hy T+ L/H Hy LR

: quH>ur +q  Hodr + LiISFHyyer+ L " Hy TR+ LiH Hy g




Z4 symmetry
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* muon is successfully separate
* Ver = Yre = 0 without loose of generality

* no flavor changing Higgs couplings



g-2 in the type-J
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We can take very large tanB, because only the muon Yukawa is drastically modified.
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Summary

e We propose a muon specific two-Higgs doublet model
* muon coupling to new scalars are enhanced by tanf3
* other fermion couplings are suppressed by 1/tanf3

e g-2 vs two-Higgs doublet models

* type-II : cannot explain due to B — uu
* |lepton specific : deviation is within 20, but not within 10
* muon specific : deviation can be within 10

e under investigation---

* phenomenology at the LHC
* .
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exp. schedule

2016 2017 2018 2019 2020 2021
%
1512.07214
1512.07214

http://agenda.linearcollider.org/event/6772/contributions/33275/attachments/27394/41633/muon_g-2EDM_MS. pdf

NOW is the time for g-2
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nheutrino mass and mixing

Ly =(&,0.0)

dim.5 operators

%( LoYEL)(HT (LS)T) — z\cffl( Ly)Hi)(H3 (L))
o (CL)H)H] (L)) — - (Ly) Ha)(H (L))
+ (h.c.)

C11 =

0 0 0 0 0 (cro)H*

00 0 (622) (622) T 0\
c21=100 0 Co2 = (CQQ)T (CQQ)TT 0
\0 0 (cor) 0 0 0

dim.4 with a triplet scalar

we add an SU(2) triplet scalar with Y = —1 (A)

which transforms under the Z; symmetry as A — —wA.

—c{ Ly A(LS)
0 0 (ca)®
ca=1| 0 0 (ca)™
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Higgs potential

The Higgs potential is the same as in the Two-Higgs doublet models
with a softly broken Z, symmetry

H; and H> transform under Z4 as

Hy ——-Hy, Ho— Ho,

soft Z4 breaking term
Vrapm Zm%Hfﬁﬁ + mgHgHz — (mgHIHQ + (h.c.))

1 1
n §A1(HIH1)2 n 5AQ(H;ng)? + g (H{Hy)(HHy) + M(H{ Hp) (HY Hy)

+ (%A5(HIH2)2 + (h.c.)) ,

13



VS precision measurements!?

We cannot use the STU parameters fit
due to the large vertex correction
to the processes with muon
M Vi
tanB\ tanf

Z | 1% )

/

tan tanp

We have to fit by ourselves

Quantity Value SM
mw[GeV] | 80.385 + 0.015 | 80.361 + 0.006
Tw[GeV] | 2.085+0.042 | 2.089 + 0.001
Tz[GeV] | 2.4952 + 0.0023 | 2.4943 + 0.0008
I'(had)[GeV] | 1.7444 £ 0.0020 | 1.7420 £ 0.0008
(inv)[MeV] | 499.0 + 1.5 501.66 + 0.05
T(¢+6-)MeV]| 83.984 + 0.086 | 83.995 = 0.010
T(pp)[MeV] | 83.99 £ 0.18 | 83.995 =+ 0.010
R, 20.804 + 0.050 | 20.734 + 0.010
R, 20.785 + 0.033 | 20.734 + 0.010
R, 20.764 + 0.045 | 20.779 + 0.010
Ry 0.21629 + 0.000660.21579 + 0.00003
R, 0.1721 4 0.0030 |0.17221 + 0.00003
AL 0.0145 + 0.0025 |0.01622 + 0.00009
A 0.0169 £ 0.0013 [0.01622 = 0.00009
AP 0.0188 + 0.0017 [0.01622 = 0.00009
ALY 0.0992 + 0.0016 | 0.1031 + 0.0003
AL 0.0707 =+ 0.0035 | 0.0736 = 0.0002
A 0.0876 + 0.0114 | 0.1032 =+ 0.0003
A, 0.1515 + 0.0019 | 0.1470 + 0.0004
A, 0.142 + 0.015 | 0.1470 + 0.0004
A, 0.143 + 0.004 | 0.1470 + 0.0004
A, 0.923 + 0.020 0.9347
A, 0.670 + 0.027 | 0.6678 + 0.0002
A, 0.90 =+ 0.09 0.9356
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Fermi constant gives nontrivial corrections

definition of the Fermi constant

Vr

u e + vertex + vacuum polarization

Vp

1 Ogw  Uww (0)
\@GFUQ<1+ < h ii_zﬂ , where v* = v] + v3

* vertex correction ~ tanp?
* V2 appears in calculations of observables
* when we replace v? by Gk, tanB? enters to observables

(example)

AA; = 4s5Q(j3 — s5Q) [—ng o (5 2 QT) _ 50 50 09w . 39 I 09y
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through the Fermi constant  Z-vertex correction
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example in type-ll

type 1l 2HDM with m, = 600 GeV, m,,, = 600 GeV

g-2 favored regions 100

tanf

20

20 40 60 80 100 120 140
mp [GeV]

o type-II is excluded
o only type-X can satisfy all the considered theoretical and
experimental constraints.



