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




| . Introduction

® introduce BSM with extra Higgs Doublets (and Z’), originally
motivated by the top forward backward asymmetry (ArB) at

Tevatron.
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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
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Question:

Is the enhancement of Ars8 compatible with the
(semi)leptonic B decays in our models!?
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2. Setup and AFB

See also C.Yu’s poster

® Type-lll 2HDM
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—> neutral higgs h coupling

Hi{ =hcosa— Hsina, Hy = hsina + H cos«
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0. H, I
q1 0 g3

U, Uz U
q1 0 qs3

b QL%
0

ngLiHjURj + ngLiHZDRj + ?/gL_v;H2ERj-

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

(q1,93)=(0,1) »2HDM




® The only up sector has large FCNCs

YuULiUgjh — Y4~ DpiUgih™ — iY3"ULiUgja
The FCNCs involving top (b) are large
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3. Phenomenology

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

Small deviations still remain
Our model

u : t
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3-1. top forward-backward asymmetry (Arg) at Tevatron

Small deviations still remain
Our model " : +

t :
New mediators? - ‘h,H,a,Z’

U~
7 G v
4 s T (u) = F ()

However, simple new physics scenarios (only one mediator) are excluded by uu —tt

u : t

’ .
only Z’ scenario only h scenario
h,a,or Z
CMS L, =35pb'Ns=7TeV " top quark decay
u 1- same sign top

v FB asymmetry
/otal cross section

o(tt) < 0.3pb

C M S, ]. 2 ]. 2 . 6 ]. 94 . [l ‘o consistent with A, Berger et al.

I:l 20 consistent with A, Berger et al.

——— Combined Observed Limit tt + ttj

200 400 600 800 10001200 1400 1600 1800 2000
m,. (GeV)

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



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

i H only
————————————————————————————————————————— pseudo+H

u CMS bound

u u
survived scenario | ma=300GeV
1 : 3 Yatu=Ytu=‘I
couplings and masses of pseudo and heavy scalars |

U

250 300

are almost degenerate.
mH[GeV]

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

Ytu vs OAFB mH vs OAFB

Enhancement of Afr8 requires light ma and Yt,z




3-2. (Semi) leptonic B decays
discuss the bounds on such large couplings of pseudo scalar from (semi) leptonic B decays.

theoretical relation between pseudo and charged Higgs
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3-2. (Semi) leptonic B decays
discuss the bounds on such large couplings of pseudo scalar from (semi) leptonic B decays.

theoretical relation between pseudo and charged Higgs

coupling relation

(in 2HDM) YU~ = V2(Vorm)i Vi3

%  large (t,q) correspond to f;v

2
. e
2 2
mass relation i )\127
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Our scenario for Ars favors large new physics contribution
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O(l) (b,u) and

~ 200GeV Y| ~ > .
Y~ VB (Ve )oY, 200 GeV charged Higgs

aa

predict very large new physics contribution in B physics

can be compatible with

B_’TV7 b h+ T consistent with the SM.
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Our scenario for Ars favors large new physics contribution
O(I) (b,u) and

-~ YCLU
200GeV | Vo), Y““) ~200 GeV charged Higgs
b ~ tb :

v

predict very large new physics contribution in B physics

can be compatible with

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

not consistent with the SM.

mml requires large new physics contribution.

Type-ll 2HDM cannot explain.

BaBar, 1205.5442; 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

(pseudo scalar may be heavy.)



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).

G - - au| < |
—>  B->TV requires small (t,u) coupling, |Y;;,*| < 0.03. cannot achieve enhancement AFB.

If the deviation is relaxed, (t,u) can be large.
(pseudo scalar should be heavy for B->Tv in 2HDM.)



® To enhance AFB and be consistent with the semi-leptonic and leptonic B decays, 3HDM is
favored.

difference between 2HDM and 3HDM.

UL Uz U3 S Up Ui Uj
0 0 ¢ d —-q¢ 0 ¢
2HDM 3HDM
v QriH2Upt + y%QriHaUrs + y5QriH1Ugs yi Qi H1Upi + Y5 Qi HaUga + y%@ﬁvisUR?,
yi-:Q;HaDprj + y5;Q; Ho FR; ye:QiHaDRj + y5;QiH2 ER;
pseudoscalar and charged Higgs directions in 2HDM
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,YO,C.Yu,1212.4607

PKo

in 3HDM
parameter spaces are large, so we could expect some allowed region without the fine-tuning

is for other cases

® Concrete analys

but not so large, because of the bound from D, — Dy mixing.

ex) degenerate case
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4. Summary

® |introduced 2HDM and 3HDM, where gauged U(l) controls the FCNC.

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

® |arge (t,u) enhance AFB and can be consistent with LHC results according to destructive
interference between CP-even scalar and CP-odd scalar. One good point is CP-even (-odd)
mass ~200GeV and the Yukawa coupling ~1.

® We discussed whether the enhancement of AFB is compatible with the (semi)leptonic B
decay at the BaBar and Belle experiments.

=@ AFB and B- >D(*)TV requwes Iarge new |:>h_y5|ch gffects but B->TV requwes the smaII effect
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