Top FB asymmetry vs. (semi)leptonic B decays
in the Multi-Higgs-Doublet Models
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| . Introduction

® mysterious structure of the Standard Model

3 generations

Large mass hierarchies

® Flavor symmetry exist!

discrete symmetry (S3,A4, D4, ....)
continuous symmetry (SU(3),U(1),...)

- Extra scalars and Iarge flavor-changlng coupllngs are predlcted_.
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® We built a phenomenological model with U(1) flavor symmetry
(PKo,Y.Omura,C.Yu,1108.0350, 1 108.4005, 1205.0407)

Flavor-dependent U(|) charges are assigned to especially right-handed up sector (u,c,t).
Extra Higgs SU(2)L doublets are added for realistic mass matrix.

Tree-level FCNCs of extra scalars and contribute to top production
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2. Flavor symmetric models

® Flavor symmetry assigned to fermions
(motivated by top AFB and the BaBar discrepancies.)

Froggatt-Nielsen-type model

U(1) flavor-dependent charge assighment

0. Ur D T T
Phldimisic il e aiid s liiape:

Yukawa couplings for mass matrices

Extra scalars are required to realize realistic mass matrices
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2. Flavor symmetric models

® Flavor symmetry assigned to fermions
(motivated by top AFB and the BaBar discrepancies.)

Froggatt-Nielsen-type model

U(1) flavor-dependent charge assignment

0. Ur D T T
Phldimisic il e aiid s liiape:

Yukawa couplings for mass matrices

Extra scalars are required to realize realistic mass matrices
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Our model instead of @ (PKo,YO,C.Yu,1212.4607)

Extra SU(2)L doublets are added for realistic mass matrices.

When the charge assignment is ¢; = 0, QU(l)[Hj] = u’

—~ . Mass hierarchy may be given by the vevs of Higgs,

y;; %Hj U}?% but | do not touch this possibility in this talk.
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Our model instead of @ (PKo,YO,C.Yu,1212.4607)

Extra SU(2)L doublets are added for realistic mass matrices.

When the charge assignment is @i = 0, QU(l)[Hj] =/

w T T Mass hierarchy may be given by the vevs of Higgs,
yz-j ,LLI{*7 UR' but | do not touch this possibility in this talk.
0 —u’ v/

— The (neutral) scalars in SU(2)L doublet have tree-level FCNCs after EW symmetry breaking.
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For simplicity, let me fix the charge assignment
and discuss complete models in phenomenology

(H]_) H2 H3 UE UE UR 3_2, ?L ,Li, E}_Z
(wr) O wz fur 0 ug 0

ngLiHjURj H ngLiHQDRj + ygL_z'HzERj-

® Depending on the charge, the num. of Higgs is different for the realistic mass matrix
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3. phenomenology

3-1. the top forward backward asymmetry (Arg) at Tevatron.

i B A ~ N(t;cos0 > 0) — N(t;cos <0)
p37"_Ep FB_N(t;cos<9>0)+N(t;COSH<O)

forward
L :

acwaré t
back d,/e'

0.158 + 0.074 (CDF, lepton+jets channel)
AL e 0.42 +0.158 (CDF, dilepton channel)
0.19 + 0.065 (DO, lepton+jets channel) 107.4995

At = 0.058 & 0.009 (NLO) i s




3. phenomenology

3-1. the top forward backward asymmetry (Arg) at Tevatron.

acwaré t
back d,/e'

i B A ~ N(t;cos0 > 0) — N(t;cos <0)
p37"_Ep FB_N(t;cos<9>0)+N(t;COSH<O)

forward
t :

A%B — 0162 Mz 0047 @ 87fb_1 ((j]:)]?7 lepton —I_ jetS) Conf.note 10807

Aln =0.164 4+ 0.045 @ 9.4fb~ ' (CDF, lepton+jets) 1211.1003

Al = 0.058 £ 0.009 (NLO) Kuhn, Rodrigo,etc.
A N 88(1)% (NLO + NNLL) Ahrens, Ferroglia, Neubert, Peciak, Yang, PRD84 (2011).

Al s = 0.087 £0.010 (NLO + EW correction)

Hollik, Pagani, PRD84(2011); Kuhn, Rodrigo, JHEP1201.
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Small deviations still remain

Our model |, . t
u E
‘h,H,a,Z°
“ T (W) —————F (1)
W’.Z’, h in t-channel , ,
uu->tt is predicted.

axigluon in s-channel etc..
New physics tested by other observables at LHC!




Small deviations still remain

U~

New mediators!?

e

—+

U

W’,Z’, h in t-channel
axigluon in s-channel etc..

uu->tt at LHC

u : t
. hHa,zZ
u : t

o(tt) < 0.3pb

CMS, 1212.6194,
PAS SUS-12-029

Our model u ¢

h,H,a,Z

u (u) t (1)

uu->tt is predicted.

New physics tested by other observables at LHC!

: :
only Z’ scenario only h scenario

~Jtop quark decay

CMS L, =35pb'\s=7TeVv 7

FB asymmetry

/ same sign top
b

otal cross section

- 1 consistent with AFE‘ Bergeret al.
I:l 2a consistent with AFB. Berger et al.

———— Combined Observed Limit tt + ttj

200 400 600 800 1000 1200 1400 1600 1800 2000
m,. (GeV)

CMS, 1106.2142 P.Ko,YO,C.Yu, 1108.4005

uu->tt should be forbidden.



destructive interference relaxes the bound (PKo,YO,C.Yu,1108.0350,1108.4005)

u S —— 'I' u B —— ‘|' i T T T H onlly
pseudo+H

F CMS bound

ATLAS hound

Epseudo(a) =+ :Heavy Higgs(H)

u : t t

| m,=300GeV

survived scenario |
. 01 F Y3 =Y,=1
couplings and masses of pseudo and heavy scalars |
are almost degenerate. o w0 aw
mH[GeV]

the degenerate limit: V! =Y my =m, —» o4 — 0.

mH vs OAFB

(within 10 of tt at Tevatron)

Enhancement of Ars requires light ma (7200GeV)and Yt,i ~ 1.




3-2.B-physics

our FCNC.s: Y;";-ﬁ_L?;[A]RjH—I- }Q?ULZ'URJ'}L — n?_ﬁLf,;Uth_ — iY;?uULiURjCL

Large (t,q) elements

(a)u N M

T T

(mizing)

Our scenario for AFB
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3-2.B-physics

our FCNC:s: Y;?ﬁLzUR]H—I- Y ULZUth — n?_ﬁLzUth_ — ZYauULZURjCL

Large (t,q) elements Large (b,q) elements

Y(a)u M
AT

(mizing) bl(;_ ~ \/i(VCKM):b e

O(I) (b,u) element and
~200 GeV charged Higgs

Our scenario for AFB
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(b,u) coupling b h+
B—TV > <

the average

BR(B — tv) = (1.67£0.3) x 10™* HFAG, 1010.1589

New Belle result

BR(B — tv) = (0.727537 £ 0.11) x 10~* Belle, 1208.4678
. T
(b,c) coupling L
\Y;
B—D(*)TV o ht .-
R(D(*)) o B(B — DVt 1/7—) "’¢’
o B(B — DOI-m) b z c
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Our scenario for Ars

O(I) (b,u) element and
~200 GeV charged Higgs

~ 200GeV Y3 ~

can be compatible with

B—TV? b h+ T consistent with the SM.
> requires small new physics contribution.




Our scenario for ArB

O(l) (b,u) element and
~200 GeV charged Higgs

m, ~ 200GeV Y3 ~ 1.

can be compatible with

B—TV? b h+ T consistent with the SM.
> requires small new physics contribution.

B—-D(*)TV?

not consistent with the SM.

requires large new physics contribution.

Type-ll 2HDM cannot explain.

BABAR, 1205.5442,1303.0571;
Crivellin, Greub, Kokulu, 1206.2634;
Fajfer, Kamenik, Nisandzic, Zupan, 1206.1872;
M.Tanaka, R.Watanabe, 1212.1878




Constraint on B—=TV decay in our 2HDM

my,+/tan B[GeV]

0(100) < mpy/tanf ——>

can be

Yio | ~ 1.

~Y, “h~brur + Y *hTurbg

coupling relation
(¥ g * au
Yoo~ V2(Vorm)nYe':

mp tan 8

Y = V2(Vor )b

U

mass relation

m%ﬁ_ — )

where V(H) = ---+X12(HIH2)(H§H1).

mass difference at most weak scale



Constraints from B=D(*)TV and BTV in 2HDM

parameter region within | 0 of B->D(*)TV at BABAR and B->TV.

Ytc vs Ytu of pseudo scalar mH+ vs tan 3

The BABAR discrepancies require large charged Higgs contribution,

0.2 S [Y2], mny/tanB S O(10).

> ' [ '
—>  B->TV requires small (t,u) coupling, Yie¥] < 0.03.  cannot achieve enhancement AFe.

(If the deviation is relaxed, (t,u) can be large.)



® To enhance AFB and be consistent with the semi-leptonic and leptonic B decays, we need more

complex model such as 3HDM.

difference between 2HDM and 3HDM.

UL Uz U3 Up Ugr Ug
0 0 q —q 0 q
2HDM 3HDM

Y2 QriHaUr: + y5Qn:HoUrs + y5Q 0. HiUrs Y4 QiH \Ur1 + y%QiHyUgo + y4Qi; H3Ugs

ygj@}bDRg’ + y5;QiH2 ER; ygj@HQDRj + y5;QiH2 ER;
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® To enhance AFB and be consistent with the semi-leptonic and leptonic B decays, we need more
complex model such as 3HDM.

difference between 2HDM and 3HDM.

1 2 3
Up, Up Uj Y Ur Ugp Ug
0 0 q g —q 0 q
2HDM 3HDM
Y QriHaUr + y5QriHaUgs + y4QriH1Ugs vt QiH1Upi + y%QiHaUps + y4Q: H3Urs
ye:QiHaDRj + y5;QiHo ErR; Y QiH2Drj + y5;Q:Ha B,
pseudoscalars and charged Higgs directions in 3HDM
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1212.4607

YO,C. Y,

PKo

in 3HDM

many points consistent with (semi)leptonic B decays,

INTS

® Allowed po

but points with large (t,u) and light mass of pseudo are not so many,

because of the bound from Dy — Dy mixing.

ex) degenerate case
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4. Summary

® | introduced phenomenological models: 2HDM and 3HDM, where U(|)Flavor are assigned.

® There are tree-level FCNCs:especially (t,q) in neutral and (b,q) in charged Higgs are large
because of top mass.

® |large (t,u) enhance ArB and can be consistent with LHC results according to destructive
interference between CP-even scalar and CP-odd scalar. Favored scalars are CP-even (-
odd) mass ~200GeV and the Yukawa coupling ~|1.

® ArBand B->D(*)TV requires large new physics effects, but B->TV requires the small effect.
It is difficult to achieve all.

, ® Requirement for B->D(*)TV at BABAR and B->TV in 2HDM:
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