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Higgs like boson was discovered at LHC. So,

What can we do in B physics?

My viewpoint is ...

What is sensitive to Higgs sector in B physics ?

That is ...

Tauonic B decays in terms of Charged Higgs

Today’s topic |
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Y Short summary

Decay Processes we see

Tauonic Bdecay: B — DYri B — 10

Problem we focus on in this talk

BABAR result implies “charged Higgs is disfavored”

What we will show in this work is as follows;
“Usual” 2HDMs cannot explain the BABAR result
2HDMs allowing FCNC solves this problem

Super B factory, LHC and ILC are possible to confirm this scenario
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Tauonic B decay

Sensitivity to “Higgs sector”
Measuring B meson decays are suitable to investigate
the flavor changing current

S
i "l
S
;

u)c’d’...

b

Vekw, loop”

f a model contains charged Higgs (CH),
t contributes to flavor changing charged current

a0l

b : 0<:/\

U, C
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Sensitivity of "Higgs sector”

Furthermore,
CH interaction is enhanced as fermion mass is large

Example: 2ZHDM of type I

yukawa,

2V
L 1THDM \/_ d (muCOtﬁﬂRdLH_l_ +mdtan5ﬂLdRH+)
@ .l
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Tauonic B decay

Bottom quark decay including tau is sensitive to CH

For Bmesondecays: B — DYt B — i

(Standard Model)

Experimental results were improved last year

May : BABAR reported the results on B — D)7

July : Belle reported the results on B — 7

3/3



Status of tauonic B decays

Comparison between Experimental result and SM prediction

L s

B(B — 1) (074__007)><10 ; (1 14__023)><10 >

R(D) ()302__()015 ()43__()06

R(D™) O 254 = ().()()5 O 33 i O 04

*Measured quantities of B—D(*) T v

I'(B — Dti)

- I['(B — D)

{=e,oru 1/4



Status of tauonic B decays

Comparison between Experimental result and SM prediction

il e S i

B(B — 170 (0 74+ 0. ; " 1"'adev'| _ } 0.23) x 107

*Measured quantities of B—D(*) T v

I'(B — Dti)
['(B — D¢p)

i

{=e,oru 1/4



Status of tauonic B decays

Comparison between Experimental result and SM prediction

B — 7 : Belle latest result is quite consistent with SM prediction

B — DY 1 : As a view point of quark current,

the deviation from SM prediction reach 3.40 /4



In addition, BABAR analyzed the charged Higgs effect on R(D)&R(D*)

br CL
e g tan® 3
H \\<¢R X MMy, =
BABAR, PRL109,101802(2012) 7 i

B Prediction

BABAR result
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In addition, BABAR analyzed the charged Higgs effect on R(D)&R(D*)

br CL
AN tan? 3
H \\<7'R oC T +My 29
PRL109,101802(2012) 7 i
‘ ] p}rediiﬁon CH cannot explain both results

/ at the same time
| result
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In addition, BABAR analyzed the charged Higgs effect on R(D)&R(D*)

br CL

A e tan? 3
H \\<7'R XXMMy 2
BABAR, PRL109,101802(2012) vy i

0.85— | ] F;redi(!tion CH cannot explain both results

/ at the same time
‘ result

0 0.2 0.4 0.6 0.8 1

( Detalil )
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In addition, BABAR analyzed the charged Higgs effect on R(D)&R(D*)

br CL

e S tan? 3

}J—w\<i::773 X MMy, =
PRL109,101802(2012) vy i

Flredi(l CH cannot explain both results

: [ ] dtion
/ at the same time
| iR result

- ( Technical things)

Results depend on CH parameter

G | 4 because they include estimation of
g 03[ | the effect of CH on R(D)&R(D*) by
B | reweighting the simulated events

11111111111111

0 0.2 0.4 0.6 “0s | atthe matrix element level.

( Detail )
2/4




What happen if the result of B— T v is included ?

My ndive estimdtion

R(D) & R(D*) : ==-=-=--- +B—> TV
g 50_ 60: ------------------------
exclusion ) | 99.8%
5 exclusion

\_

)

)

J

* CL of exclusion within small parameter region reduces,
(because B— T v is consistent with SM)

while exclusion in the region tan 8/mg+ > 0.15(GeV)

almost reaches 5¢

I
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Summary of this section

(B — Tﬂ)

- Small deviation (1.7 c @WA)
(Belle result is quite consistent with SM)

(B — DY rp

- Large deviation (3.4 0c@WA)
+ CH boson in typell 2HDM is excluded (99.8%)
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Summary of this section

(B — Tﬂ)

- Small deviation (1.7 c @WA)
(Belle result is quite consistent with SM)

(B — DY rp

- Large deviation (3.4 0c@WA)
+ CH boson in typell 2HDM is excluded (99.8%)

And then? == Two Possibilities to extend this analysis

(1) Other type of 2HDM

(2) Allowing FCNC in Yukawa sector
4/4
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Analysis

1. 2HDMs and their constraints

Lyukawa = _QLYuI:—quR — QrYaHdp — Z_QLHMR + h.c.

A (S,
S

In order to forbid tree level FCNC, One of the Higgs doublets
should be coupled to the fermion doublet in each term

Typel : Hy=H, = Hy = H, )
Typell : Hy = H,, Hy=Hyg= Hy
TypeX:ngHu:Hd, H{ = Hy
TypeY:ngHu:Hg, leHd

named by Aoki, Kanewmura, Tsumura, Yaguu(2009)

> 1/10



Contribution to tauonic B decays

Parameter : tan 0 = % H, = (h%> (=12

\_ J

N O

—O
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Contribution to tauonic B decays

-

Parameter -

N O

(2

(P}

tan 0 =

—O

~N

Typel Typell TypeX TypeY

&d

cot¥ G tan- 3 il —1

Eu

—cot? 3 1 It —cot? 3

Ty~
u c
Csl T Csl T 2 gd
H=*
M0y, M . M1
2 2 2 2
M+ H*
\_
defined as

Lot = —2V2GrVy (CYLW“[?L TLYuvL + C& qrbr Trvr + C§ Grbr fRVL)
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Contribution to tauonic B decays

To begin with, let me show the study on Wilson coefficient itself
in terms of effective Lagrangian approach.

g )
RS I I-O'Csl C&?
e 1 O f
N L s e O wo
o .
SM prediction—@ 10! A

e —

. R(D) . . 153 %;(D)Oﬁ 03 10 20 j51{.56—16.010—0.5 0.0 -20 -15 -10 -0. . .
\_ J \_ X J
Correlation between R(D)&R(D*) Constraint on C
in the presence of S1 or S2 (Exclusion@99%CL : —)

*S1 is not favored at all

% S2 can explain data but needs large contribution
3/10



Is it possible to have a sizable effect of S2 in 2HDM ?

Remember the contribution of S2 to B—>D(*) T v

- N
0¢ — meins Typel Typell TypeX TypeY
Sa T 2 f“ 2 2
MY+ £, —cot“p 1 1 —cot“ 3
. J

+ Charm mass is not so large compared to bottom mass

- The requirement for the top Yukawa interaction to be
perturbative results in tan 8 = 0.4
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Is it possible to have a sizable effect of S2 in 2HDM ?

Remember the contribution of S2 to B—>D(*) T v

r N
0¢ — meins Typel Typell TypeX TypeY
Sa T 2 f“ 2 2
MY+ £, —cotep 1 1 — cot“ (3
. y

+ Charm mass is not so large compared to bottom mass

- The requirement for the top Yukawa interaction to be
perturbative results in tan 8 = 0.4

% In usual 2HDM of any type,
S2 cannot have a sizable effect on B—D(*) T v
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Is it possible to have a sizable effect of S2 in 2HDM ?

Remember the contribution of S2 to B—>D(*) T v

r N
0¢ — meins Typel Typell TypeX TypeY
Sa T 2 f“ 2 2
MY+ £, —cotep 1 1 — cot“ (3
. y

- Charm mass to bottom mass

- The requiren teraction to be

perturbative

%In usual 2+ ny
S2 cannot /M

/t on B>D(*) T v

4/10



2. 2HDMs allowing FCNC

A possible solution to have a large S2 contribution within 2HDMs

(CASE type Il + FCNC)

Loukawa = —QrYuHoug — QrYgHidr — LY, HifR + h.c.

5/10
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2. 2HDMs allowing FCNC

A possible solution to have a large S2 contribution within 2HDMs

(CASE type Il + FCNC)

Loukawa = —QrYuHoug — QrYgHidr — LY, HifR + h.c.
—QLe;ﬁlluR = QLG/CZHQCZR + h.c.

- ¢, 4 is parameter that control FCNC (in the weak basis)

- In terms of mass eigenstate, one of CH-g-g terms is written as

—sin Bup eLVCKM dr, (€44 is that in the mass eigenstate)
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2. 2HDMs allowing FCNC

A possible solution to have a large S2 contribution within 2HDMs

(CASE type Il + FCNC)

Loukawa = —QrYuHoug — QrYgHidr — LY, HifR + h.c.
—QLe;ﬁlluR = QLG/CZHQCZR + h.c.

- ¢, 4 is parameter that control FCNC (in the weak basis)

- In terms of mass eigenstate, one of CH-g-g terms is written as

—sin Bup eLVCKM dr, (€44 is that in the mass eigenstate)

N J 5/10




How about the other types ?

(CASE - type | + FCNC) No “reasonable” sizable contribution

(CASE Ctype Y + FCNC) ( To explain data, G,Zt >> ]is needed )
(CASE : type Il + FCNC) Vie om
o ()" sin B tan 3

6/10



How about the other types ?

(CASE - type | + FC'\'C) No “reasonable” sizable contribution

(CASE Ctype Y + FCNC) ( To explain data, E,Zt >> ]is needed )
CASE : type Il + FCNC Vie vm
( ) o = NG 5 - (EZ)Ct sin B tan 3
(CASE : type X + FCNC) 2V, M+
1.0-
* tan 8 = 50
s mg+ = 500GeV
0 3 !
o
O'O,
p—{
05
- IR(D" ]
3 ‘ \/
_1.21.0 | —05 | 0.0 2 0.5 5 ‘1.0

Re Eff A.Crivellin, C.Greub & A.Kokulu (2012) 6/10



How about the other types ?

(CASE - type | + FC'\'C) No “reasonable” sizable contribution

(CASE Ctype Y + FCNC) ( To explain data, G,Zt >> ]is needed )
(CASE : type Il + FCNC) Vie om
o ()" sin B tan 3

1.0

tan 0 = 50
myg+ = 500GeV

0.5

0.0

% Results are explained at the same time
by FCNC parameter to be € ~ O(1)

+~
(S
\B)
e

_05!

R(D*

Croh o A
O g 00 0.5 1.0

Re fo A.Crivellin, C.Greub & A.Kokulu (2012) 6/10




Summary of this section

1. 2HDMs without FCNC

*Not favored at all

2. 2HDMs allowing FCNC

* Type Il and X are possible to explain data
at the cost of sizable FCNC in Yukawa term

s there no constraint from the other observables ?

Not yet.

For more detail — 3. Future prospects
7/10



3 . Future prospects : LHC&ILC

Of course, such models induce direct FCNC process

% FCNC induced by €4 is highly limited from B physics,

while constraints on €,, are rather weak.
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3 . Future prospects : LHC&ILC

Of course, such models induce direct FCNC process

% FCNC induced by €4 is highly limited from B physics,

while constraints on €,, are rather weak.

%In particular, eff is only constrained from t — ¢ (h, H, A).

For example, decay rate of t — ¢ h turns out to be

o costla ~ )

Bl — bW i sin® /3

3/10



3 . Future prospects : LHC&ILC

FCNC process @ LHC

%It might be challenging for LHC (I don’t know detail)

3 o discovery limits for top FCN interactions at LHC, for an integrated luminosity

of(100 fb~1) The limits are expressed in terms of top decay branching ratios.

Top decay Single top
t >uZ(y,) | 3.6x107° 8.0x107°
t >uZ(ouy) | 3.6 x107° 2.3x107°
t — uy 1256 1052 o ol 5 A0 52
t — ug = 2.5 x 107
t — uH v i F B s o8 e O [

Top decay Single top

t —cZ(v,) | 3.6x107° 3.9 x 1074

t—cZ(ouy) | 3.6 x107° 1.4 x 1074

t — ¢y 1251057 P 2B A0 =2

L = 1.6 X 10=°
t — cH 58 x 105 2.6x 1073 )

Acta Physica Polonica B (2004)
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3 . Future prospects : LHC&ILC

FCNC process @ LHC

%It might be challenging for LHC (I don’t know detail)

3 o discovery limits for top FCN interactions at LHC, for an integrated luminosity
of(100 fb~1) The limits are expressed in terms of top decay branching ratios.

Top decay Single top Top decay Single top
t >uZ(y,) | 3.6x107° 8.0x107° t —cZ(v,) | 3.6x107° 3.9 x 1074
t > uZ(op) | 3.6 x107° 2.3 x107° t—cZ(ouy) | 3.6 x107° 1.4 x 1074
t — uy 1256 1052 o ol 5 A0 52 ti—> e 1251057 P 2B A0 =2
t — ug - ath a0 L 3 1.6 X 10=°
t — uH v i F B s o8 e O [ t — cH 58507 775 226 X T

FCNC process @ |LC

* |f the excesses in R(D)&R(D*) will remain in future,

Acta Physica Polonica B (2004)

Please try to measure THIS

9/10



3 . Future prospects : super B factory

Tauonic B decays are good target for super B factory

% Super B factory will reduce statistical error in R(D)&R(D*)
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3 . Future prospects : super B factory

Tauonic B decays are good target for super B factory

% Super B factory will reduce statistical error in R(D)&R(D*)

* Furthermore, large number of signal events allow us
to measure tau polarization, which is useful to confirm
the NP interaction to be SCALAR or NOT

( )
1.0 | I ] | | | T B ‘

Q 'Vi VQ

0.0 02 04 06 0.8 00 01 02 03 04 05

M.Tandka and RwW (2012) 10/10
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Y Short summary

Decay Processes we see

Tauonic Bdecay: B — DYri B — 10

Problem we focus on in this talk

BABAR result implies “charged Higgs is disfavored”

What we have shown
Usual ZHDMs cannot explain the BABAR result
2HDM allowing FCNC (type Il & X) solves this problem

Super B factory, LHC and ILC are possible to confirm this scenario
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Prediction on polarization (Appendix)

03
= We can predict polarization
0.2 from the measured values
SIZASEER of R(D)&R(D*)
02 04 06 08 1.0
R(D) )
(R(D), R(D")) (0.37,0.28)
X So Vo 3
o —0.81+£:0.87 0.03+:0.40 0.16=+:0.14
P-(D) 0.44 0.33 0.22
P.(D") —0.35 —0.50 —0.26
= 0.51 0.45 0.32




Detailed representation (Appendix)

i — (T_LRZZLVCKMCZL 4= aLVCKMdeR) HT + h.c.

e Zq

Typel & X %Cotﬁ—eusinﬁ(l—kcoﬁﬁ) —% cot B + eqsin B(1 + cot” §)

Typell & Y %Cotﬁ—eucosﬁ(tanﬁ—kcotﬁ) %tamﬂ—edsinﬁ(tanﬁ—l—mtﬁ)




Is it consistent with B— 7 v ? (Appendix)

Component of FCNC matrix is different

-

c o Vie  vms
— 2

’ \/ivub mHi
So — 2

’ \/§Vcb mHi
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Effective Lagrangian : b—q7 v

Lo = CamdrY OLTL YL (Cgl\/l = —QﬂGFqu)

Input parameter :

B%Tﬂ

( Electroweak )

Vub

( Strong )

B meson decay constant :

/B

B DYy

( Electroweak )

Vcb

( Strong )

B—D(*) form factors :

Vi, 5 Al Bios

(B — D) (B — D*)

5/11



Input values to use here B 71

( EW ) |Vip| is determined by the fit to CKM unitarity triangle
0.5}
04 =
/ 8% Vup| = (3.38 £ 0.15) % lifjee
0.0.”

OO 02 04 0.6 0.8 10
P

( Strong ) f B is obtained from Lattice study

(0luy" ~°b|B) = fep* (HPQCD2012) fp = (191 + 9)MeV

2 2
(Summary) B(B — 1v) = g—iG \Vub\2meBm <1 — m;)
6/11



Input values to use here B —

b

(B— Dtv) =—(B— Dip)=

dw

D™ i

- Shape is parametrized as “slope parameter”

Caprini €+.al.(1996)

Shape : Vi(w) = Vi (1) [1 — 8piz + (51p7 — 10)2” — (252p7 — 84)2°]

Events / 0.05

Hight : Vi(1)|Ves|

7000

6000

5000

4000

3000

2000

1000
0

1 105 11 115 12 125 13 135 14 145 1.5
w

Vi(1)|Vep| = (4.26 -

(Z_

o — 1186 =0.055

= 0.07 =

Vw+1++/2

- 0.14) x 1072

r3( £ v w? — 122V (w) Ve |2

m—ﬂ)




e
N~
—_—

Input values to use here

( HQET )

B — D™ i

D 72 O T AR

B — D77 contains new form factor S (w)

S1 (w) is estimated by using HQET

Sl (w

V1 (w)

(Summary )

Input : V1(1)|Ves| and pi . Taking the ratio, Vi(1)| V.| is canceled

) ~ (0.981 + 0.041

(=1 001501

r

\_

R(D)

I'(B — D7v)

I'(B — Div)

R(D*) =

I'(B — D*7i)

I'(B — D*/v)

~N

J
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Meas.

0.440 -10
% —3
0.305 <% 30%
0.352 -10

i 24%




(Appendix)

* 471 x 10°BB pairs

- After “full reconstruction” and “Tau tagging” :

Decay Niig N i R(D™) BUB 2 D mn (%ol D s g

B~ — D%~ ©w, 3144+60 1995 + 55 0:367 20011 2 04290 082500527 20,002 (119 E 0155555 47
B~ — D*°r v, 639 +62 8766 + 104 0.227 4+ 0.004 0.322 + 0.032 £ 0.022 1.71 +£0.17 +0.13 11.3 94
B ey a2 ey 3] 986 + 35 0.384 + 0.014 0.469 + 0.084 £+ 0.053 1.01 +£0.18 £ 0.12 6.1 5.2
B - D*'t 7, 245+ 27 3186 &+ 61 0.217 4+ 0.005 0.355 + 0.039 + 0.021 1.74 £ 0.19 £ 0.12 116 104

B— D7 . f 489 £:63 ) 2981 =+ 65 0.372 £ 0.010 0.440 &+ 0.058 £ 0.042 1.02 &£ 0.13 £+ 0.11 8.4 6.8
B

— D*17 v, L 888 £ 63 §11953 £ 122 .- 0.224 .+ 0.004"- -0.332 £+ 0.024 = 0.018: “1.76. 1+ 0.13:2= 0127 -16:4-713.2

4

BaBar, arXiv:1205.5442

B — D1 0.302 = 0.015 0.43 = 0.06

B — D*1i 0.254 + 0.005

0.33 =0.04




MSSM : DXV KEF

- Tree’2 & Ttype I}
- LoopZzZERIDE type Il + FCNCy

=i ‘ZIKH/\J ‘:\

4 N\
. Vie vme 4 .
>xb. | C§, ~ v m (e)" sin Btan B | NEHBEBICE S

el (FSUSYRIFDIL—THSHETET, 7Lzl

A f(MSSM parameter)

= A

i 5, GO




e My, tan? 3
P QA A D)
o M1+ 1
Soi= m% TN Gh Itolh, Komine, Okada (2010)
my — miy
Ae: 4?)27_‘_2 /’LMé f(Mé7MEL7MER)
2ea
Ag = o— u My f(Mg, Mp, ,Mp )

37

2 2 2
a?b? In 2—2 + b%c? In g—2 + c%a? In 2—2

Asibe) - (a? — b2%)(b? — c?)(c? — a?)




Vector operators Ov, = eLy"br TL VL Ov, = crRY"br TLYuVL

B — DT

(D|ey*~°b|B) = 0

_

— Dtv | OVl |B

DTﬂ|OV2 |B

B — D*ri

(D*|ey*~°b|B) > (D*|cy"b| B)




Scalar operators Os, = CLbr TRYL Os, = ¢rbr TrRVL

B — DT

(D|éyb| B) = 0

)\ = (D10|Og, |B) |

DTﬂ‘Osl ‘B

B — D*ri

(D*|b|B) = 0

> | (D*77|05,|B) = —(D*17|0s,|B




Tau polarization is useful but,

{ * How is it measured ? .,
{ + Capability of new physics search ? !

Identification of tau

! Tin B — D7, 1s identified by 7 — v or 7 — lvw ;

T —= 7V . N ~ 70

@ B factory
T — vy : N ~ 100

BABAR(2008), Belle (2009)




How to measure tau polarization

gl :
R e =




» In rest frame of ¢"
- p5, P —> ¢, B
L Ew(l) =20

Tau polarlzatlon can be determmed by plon (or lepton)
{ energy dlstrlbutlon of the decay rate of thls cham \




Estimation of statistical error of tau polarization

P, = P, =P.g+L4P,

N : #ofeventforB—>DTy—>...

»‘ N(w) <70 N( y ~ 100 B factory :-

super B factory '

| Niwy ~ 2000, Ny ~ 3000 4=

S : “sensitivity”




Estimation of statistical error of tau polarization

| 0P ~0.04, 5PT( y~008 | We may see 1 effect ||

I : Error @ B factory

I : Error @ super B factory

0.0 0.1 02 03 04 0.5
tﬁ/mH:I: (GeV )




Form Factors (Tensor)

B — Dt
(D(pp)|ca*b|B(ps)) = iT(q°)(p'srD — PEPD)

(D(pp)|ea™~°b|B(pp)) = T(q*)e"**’ppapss

B — D*rp
(D*(pp)|ca**b|B(p)) = e*°[Tie4pps

+ 15’ pps + 15(e" - pB)PBaPDS]

<D*(pD)|EO“V”y5b\B(p)> &






