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=~  Take Outline

* Introduction

* Purely leptonic decay B 2> tv

» Semileptonic decay B > DU tv
* Prospects

* Summary

T as a probe to New Physics in B decays.



=~ Charged Higgs in b->71

B Extensions of the SM, which require >2 Higgs doublets,
generate new flavor-changing interactions at tree-level
via exchange of a charged Higgs.

B The H* coupling is proportional to the fermion mass, and
it is natural to look at (semi-)leptonic B decays into at
in the final state.
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** B— 7 v (in SM)

b ) /a *% Helicity suppression
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Within SM, proceed via W annihilation.
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From CKM fit (w/o B->tv In the input)
= Br.., . (zv) = (0.7637272)x10™ CKM fitter @ ICHEP2010
Br.,,, « (rv) = (0.805+0.071)x10™ uTfit@ ICHEP2010 4



=~ Charged Higgs Effectin B>t v

Charged Higgs exchange interferes with the helicity
suppressed W-exchange.

The Br becomes larger or smaller;
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If uv is also measured, lepton universality can be tested.
- SUSY correction etc.



=" Analysis for B— v

/N Tagging side:

Hadronic tags
B,y DOnlp ete.

Semileptonic tags
B,y DOV ete.

Inclusive tags
Eff Used for Belle B>D*tv
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Signal side: B
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- Detect charged track(s)
- Missing energy due to v's
- No extra activities in EM calorimeter
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449M BB PRL 97, 251802 (2006)

B, reconstruction;
B" > D" +7x"/p"/a] /D"
L. 5°z0/B% L. by

M / beam (Z p ) AE = Z E Ebeam

Signal region : -0.08 < AE < 0.06 GeV,
Mpc > 5.27 GeV/c?

Br(tv) =[1.7952 (stat) s (syst)]x10™
N, =24.17°(stat) 22 (syst)

in all Egg_ region.
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Candidate Event
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m 657M BB
submitted to PRD-RC, arXiv:1006.4201

By reconstruction
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Constraint on Charged Higgs

K. Trabelsi @ TCHEP2010
Br(tv)=[1.68+0.31]x10™* » Bry,(tv)=[1.20£0.25]x10™*
- Belle Based on fB from HPQCD and |V,| from
- Hadronic tag (449MBB) : HFAG (BLNP, ICHEPO8)
+0.56+0.46 -4
Br(tv) =179 "0ar <10 Constralnt on charged nggs
- Semileptonic tag (657MBB): 1000
Br(tv) =[1.5475705; 1x10™ Type 1l 2HDM

* BaBar 800
- Hadronic tag: [
Br(tv)=[1.80:0% +0.26]x10™ ’Em
- Semileptonic tag: S
Br(tv)=[1.70+0.87 +0.20]x10™ &
= 400
- =
Effect of Charged Higgs (Type-IT 2HDM)
W. Hou, Phys. Rev. D48, 2342 (1993) 200
Br = Br, x (1- m tan /- j j
My % 20 4 e s 100

-

tan B 10



=" Comparison to CKM fit

Br(tv)=[1.68+0.31]x10™
CKM fitter

B, . (7v) = (0.763°23)x10*  Br,, ; (rv) = (0.805+0.071)x10™*

UT fit
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The measured Br is ~2.8 ¢ higher than the value
predicted by the CKM fit. 1



B->D t v is another process sensitive to the charged
Higgs, and complementary to B>t v.

Relatively large Br ~0.8% m/b}anﬂ
Different theory systematics: b 5\ c
- free from V, and f, ambiguity. HH/W+. mtanj
- depends on the B>D form factors, \‘i— z
which can be deduced from D | v data. Ve

B Three-body decay permits the study of decay distributions
which discriminate between W+ and H+ exchange. Also T
polarization in t>7 v mode.

B Universality between H-b-c, (Dtv), H-b-u (zv), H-b-t (LHC).
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- Belle B=>D® tv

* Inclusive By, reconstruction.

Calculate By, mass using 4 momentum vector of the tracks
other than D* and (e, p, © ).

Mg = \/Ebzeam - (Zr‘%sis ﬁ")z

U R
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A

* Background suppresion
- Visible energy

Ei. MC Xois MC| m signal

r'I.-F
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similar to M but M, indepndent=""" T



T Belle B=>D* tv (2007) 535MBE

PRL 99, 191807 (2007)

Br(B® D" t*v.)=(2.02:%% +0.37)x107

E O+12
“f combined data N =6
1] T 6.7c (5.2c w/ systematic)

M/ 5 MeVic®

First Observation
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0
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675MBB

+ Simultaneous extraction of signals in B* = D*¢*vand B* = D% ¢*v taking into
account D*? <-> DO cross-feeds.

+ Signal extraction from fit to 2-dim distributions in M, and P,° (momentum of
DO in Y(4S) rest frame).
- Simultaneous fit to 13 decay chains with floating 2 signal BFs and 13 background
hormalizations
DOt+v DOt*y
| 2 | N(D"t'v )=446"7 810

= 1 =100, T — -
: . j\ BF(B' —D"t'v. )= (2427 £0.29)x 10

" I o Tl
A | | N@ev) 16t 350
! BF(B' —D"t'v) =(0.77)2 £0.12)x10
B3 525 £y B2 522 524 526 528 53 ¥ .22
M., [GeVic'] M, [GeWVic’)
%mu- i lrl/_\
2 N signal combinad
ﬁ -’f\\ E N X [ III.I\ O Oty
" 50 .'rl Lf AN Dty
L \ i/ | . background
%_,A %AI based on 675M BB
0.5 1 1.5 ] [ ] 1 1.5 2

Pos [GOVIC] Puiceve  hep-ex/1005.2302, submitted to PRL 5



+ 657M BB
» Hadronic tags.

D>

Lo

GRLLE

* Extract signals in (MM?, E¢,)

distribution.

. Simultaneous extraction of Dtv/D*ty. *.

Br(B — D"v)

/ ~ Br(B— DY)

Ns Signif.

R(%)

0 +18.9 +11.0 +26.3
D’tv 702 P 08.6 3.8(4.4)

-25.0

D*tv 476215 %03 17277 2.6(2.8)
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hep-ex/0910.4301
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Dtv signal D*tv cross talk
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B->D® t v Summary

—c-|-t-Be"e inclusive tag
U . | e e hadronic tag

E B+ ﬁ*ﬂ + .
: — T V | —==BaBar hadronic tag

C.-H. Chen and C.-Q. Geng
' SM JHEP 0610, 053 (2006)

! B’->D" "ty
e
—
B*'->D"t"v
T
| 0 —. . Belle inclusive tag
G = R B -Drt'v PRL99, 191807 (2007)
- ——— arXiv:1005.2302
OPRRTIUOITY FECTUUIL JUT TOT TOUL PRV VOO Belle hadronic tag
0 .‘I 2 . 3 arXiv:0910.4301
Branching fraction (%) BaBar hadronic tag

PRI.100, 021801 (2008)
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Constraint on Charged Higgs

measurements'® of R = BE=Prvr) _ 040 +0.08

experimental bounds on tan 3/my in type-ll 2HDM from averaged Belle and BaBar
— "B(B—Div;) }

08l theoretical
prediction

0.6}

e experimental bounds

0.0 0.1 02 03 0.4 05
tg/mpy+ (GeV™ 1)

M. Tanaka, R. Watanabe, arXiv:1005.4306 18



Prospect

+ Results using the full data set (~770MBB)

- Present results: w/ 449M BB for hadronic tag
w/ 657M BB for semileptonic tag

- Reprocessed with improved tracking efficiency

* Improvement for the hadronic tag
m) effective luminosity improved by factor x2

é F i 3 m:
8 Pl g ol
g mp_.--_m-m-ﬂ-m..' "-u—q_&%’ " m:—
faat Yield (B*) = 66237 « 1107 % bf A\
et Data (old had tag) wof. Yield(B7) = 141676 + 1713 ¥,
s wr Data (new had tag) \
e_-l gu: 5.245 5 5.26 5.265 S.JZT S.ZI?S 5.28 5 )IM
0.40 i B Purity- Fificiency
€(%) |e=0.34%
0.30 s, _
g *
E:D.ZE
;::-:;U.ID
u‘.015 . _
. € = U]_DL}/(:

0.035 20 0 )

Purity (%)
90

60 70 80




=" Prospect at Super-KEKB / Belle |

) Assume
* /GeVe X4GeVe Aexp ~ 1AL, AV, = Af=2.5%
L, =8 X10>cm s 1000
e L .=50ab? [ 50abt

" 5o discovery

8 8 g

H* Mass (GeV/c?)

§ 1 1

K\\ i | | LEP | |
U 20 0 &0 80 100

KEKB upgrade has been approved. tan p
e 5.8 oku yen( MUSD) for damping ring (FY2010)
e 100 oku yen for machine.

“Very Advanced Research Support Program” (FY2010-2012) _




B B decays to the t lepton final states, B>tvand B->Dzv,
are unique probe to New Physics.

B Belle has measured both B->tv and B>Dtv decays.
« B>1tvw/ hadronic and semileptonic tags.
« B>Dtv w/ inclusive and hadronic tags.

m=) Significant constraints on the charged Higgs.

B Results using the full data set and improved tagging
efficiency will come in the near future.

B Super-KEKB/Belle IT will provide results with a few
percent error, and will provide stringent test of NP.

Thank you ! .
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U. Nierste, S. Trine, S.Westhoff
PRD78, 015006 (2008).

1
TN N
(1 @n 3)(1 @n 3)’
5 SUSY Loop correction
0.3

(e9=€.=0 in Type-II 2HDM)
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0.25
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BR(B—1v) [1074]

| ‘2 (w? — 1) v ( )2 v(w) ( )2[1— T/m }2 (w)
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l P S 9 1 —my/my PS

2 2 2
EF.} o TH,” + ?H-;_} —q

dI'(B — Drv)/dw dlI'(B — Dvt[— 7v])/dErdcos0prdw YT mn T 2mpmp
100 |
= gl
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