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Outline of this talk

* Semileptonic B decays (with a light lepton)

— Determination of the Cabibbo-Kobayashi-Maskawa
matrix elements |V, | and |V, |

— Right-handed currents at loop level

* Semileptonic/leptonic B decays involving a
T lepton

— Scalar charged currents
* By —I'I
— Higgs-mediated flavor changing neutral currents
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e e / s e
1999 2010 Bfactory at KEK (Japap) e = T

* World largest B meson sample
~771 million BB events
* Over 300 Belle physics publications


http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg

LHCb analysis
1.0fb" (2011) + 1.1fb"" (2012)

i
l:;
[]

o e
s RO =

One of the best signal candidates in the 2012 dataset
BDT=0.826 and m , = 5353 MeV/c? 5/16



New Belle hadronic tag o

BELLE

. M2, = [p(Beam) — (p(Buag) + p(visible)

t
t .
g7
t ]
20000 - | * New hadronic tag
18000 F— . Signal: ~ 135 000,
% amE uimgkNeuroB-a_yﬁfs Purity: ~ 26% based on
3 o Neurobayes
{g 10000;— . . .
g wof e 2-3x statistical gain
a0~ oty e over previous
2000 — ;
e R e e e analyses

Mg [GeV / ¢]

Michael Feindt (2011)
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Semileptonic B decays
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|V, | from exclusive decays

2 2 2
_Pp-Ppey _ MBTMHe) —4

w f—
* dIr  G%2m3,. 9
B— D¥lv o ,fgﬁ? (mp —mp=)"Vw? — 1 x(w)F*(w)|Ves |
aIr  GZm?
B — Dlv o = e (mp + mp)*(w® — 126 (w) |V

* Theory input: Form factors F(1) and G(1) at zero recoil (w=1) from
lattice QCD calculations

* Experimental method: Measure the differential width dI" as a
function of w and extrapolate to zero recoil (typically assuming a
parameterization of the form factors)
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|V, | from inclusive decays

B Xlv I — Cl?épzmg Vi 2(1+ 65(;1);(;5)(&) _I_Ca(#)?;b 6) (1) +o(_b))

e Based on the Operator Product Expansion (OPE)

* <0.>: hadronic matrix elements (non-perturbative)
c;: coefficients (perturbative)

* Parton-hadron duality — the hadronic ME depend only on the
initial state

* We can determine the hadronic ME from other observables in
inclusive B decays (moments of E; and M?,) — global fit

Kinetic scheme 1S scheme
[JHEP 1109 (2011) 055] [PRD70, 094017 (2004)]
0O(1) m,, m, m,
O(1/m?) W MG Ay Ay
O(1/m?3,) P’o Ps P1 T13
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B — DU)XIv with hadronic tag Shown at ICHEP 2012
D
<O

BELLE

e 703/fb Belle Y(4S) data

* Second B meson fully D’ = K- nt(nFn7)
tructed (hadronic t D™ = K mnt x 2 B flavours
reconstructed (hadronictag) ;o poq0 _ 8 different modes
* Charmed meson /’ D** — D},
reconstructed

e Secondary and fake lepton
bkg. subtracted from a fit to

lepton momentum \
i fit

* Signals extracted from a 2d
to M. and My (D modes) and
M,.and Am (D* modes)

Total= 2B35- 62
! fit bkg= 361= 41
. Fit sig= 2474- 65
+ »*=0.9, prub_-ﬂ.z? —

n ST 4 ]
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Events / ( 0.002 )

B — DU)XIv with hadronic tag Shown at ICHEP 2012

D
op

e o AR I e s RPN , N , BELLE
i E:Ieﬁmimry & Mo = 2304 = 84 T
800 600 o = =
L0 8 o= 499036
e S el | B%— DOvX
so- B — DX 5 1
E 40— .
e il
400 w J
280 B™: B(D°X)/B(X) = 0.922 % 0.0164, & 0.011pp) £ 0.0364
200 B™: B(D*X)/B(X) = 0.088 % 0.001y,, =+ 0.0025;, % 0.005,
% | | . BY: B(D°X)/B(X) = 0575+ 0.016mm. + 0.007sm) + 0.022,,
$24 525 526 521 528 P2 184 1ss 188 18 | B B(D¥X)/B(X) = 0452+ 0.007w. + 0.01050p) + 0.021,
My [GeV] M| B B(DOX)/B(X) = 0.597 £ 0.026,. & 0.0075p) £ 0.024,,
B B(D™X)/B(X) = 0.064 =+ 0.007u.. £ 0.008p) + 0.004.,
BY: B(DX)/B(X) = 0081+ 00204, +0.0095p) * 0.006.y,
| | | , T T . i 1 BY: B(D*TX)/B(X) = 0.615 £ 0.021g¢. & 0.0075n) £ 0.0244
Br 10 Belle preliminary - DX 1v E
0
DIy ]
8 ) 1 * Results
i -D v ]
6 - = MWD Iv - compared
*0 -
D Ilv
4 ©) — to current
D xlv ’
) " HFAG/PDG
=— —_e .
et expectation
X N N N i N N N
o™ P o™ P N ~ N o~
;\'? ?Q }Q ’?Q ,7‘0 7'0 ?Q ?O
i x (<] x [~ [~ x o *
April 15, 2013 é 3 é 3 3 é S é 11



B — D™'lv mystery

Charm state X, B(BT — X_.£T v)
D (2.31 £0.09) %
D* (5.63 + 0.18) %
5 p(*) (7.94 + 0.20) %
Dy — D= (0.41 4+ 0.08) % broad states
D¥ — D* x (0.45 + 0.09) % 0.86 £0.12)%
D; - D* = (0.43 +0.03) % narrow states
D — D(*) (0.41 + 0.03) % } 0.84£0.04)%
SXD** — D*x (1.70 £ 0.12) %
o (0-66 + 0.08) % * Inclusive-exclusive gap
. ==t of (1.45 +/- 0.29)%

o'
e 1/2 vs. 3/2 puzzle

SSD) 4 S D* (9.47 + 0.24) % . .
STCOESST YO (9.64 -+ 0.23) % * Belle Il might cIarlfy.the
faici G
B — DV'nrlv

Sascha Turczyk
CKM 2012 workshop
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B. — Xlv inclusive semileptonic To appear in PRD
D
DOp

BELLE

T(5S) % + 121/fb Belle Y(5S)
B(B? — D¥) @ — K * Tag B, decays with a
_ (53 n 2;)% T fully reconstructed D,
repc 20127 ° Measure same sign
our measurement external parameters Ds_l_ relative to the
—r A - number of D,

N(D;6~) N.(D70)+Nya(D7t~) ° Bu,q contamiqation
N(D;Y) N,(D3) + Nua(D5) estimated using PDG
parameters

N(D;07) « fo-B(BY = X0 v,)
Background from B,, ; decays

April 15, 2013 Christoph Schwanda 13



B. — Xlv inclusive semileptonic To appear in PRD

Events / 0.05

25F T

D, sample

x10°

T 1 LI
« Belle ]
-, Y(5S):121 fb"_:

R =N(D,T)/N(D,)

Mode Ratio R x 10~* x*/ndf

e 428 +20+13 64 /7

7 470+23+16 6.7/ 7

e, 444 + 16 &= 13 —
April 15, 2013

Events / 0.25 GeV

D
op

BELLE

D.e sample D, u sample
YT — P >1.z‘_‘1°3... T ———t
Belle | & | Belle ;
1.2 Y(5S): 121 tb™ o 1 Y(5S): 121 fb™
® Data 3 d [ ® Data ]
] Prompt e” ] -~ = [ Prompt 1.*]
LT Fakee® 1 £ Hd Fakeu' ]
Il sec.e” ] g B Sec.ut ]
[ MC error I.l}.l 1 MC errer

1 1.5 2 2.5 3 1 1.5 2 o 2.5 3
p(e*) [GeV] p(u*) [GeV]

Br(B, — Xlv)

¢=e [10.1 £ 0.6(stat) = 0.4(syst) £ 0.6(ext)]%
f=p [11.3 £ 0.7(stat) + 0.5(syst) + 0.7(ext)|%
£=e,u [10.6 & 0.5(stat) £ 0.4(syst) £ 0.6(ext)]%

Christoph Schwanda 14



Determination of |V, |

Exclusive dl'(B® - =~ ¢tv)  G%
B — mlv dg? - 2473

Vo *p2 | f+(g%)|?

* Form factor f, from lattice QCD [PRD73, 074502;

PRD79, 054507] or from QCD sum rules [PRDS&3,
094031; PRD 71, 014015]

Inclusive * Also based on the OPE [NPB699, 335; JHEPO1, 097;
B — X, Iv JHEP10, 058]

* Experimental selections can comprise the
convergence of the OPE — shape function

April 15, 2013 Christoph Schwanda 15



B — mlv untagged

* 416/fb of BaBar Y(4S) data

* Reconstruct only me/mp,
infer neutrino momentum
from p,,... (loose neutrino
reconstruction technique)

 About 12,000 signal
events, S/N ~0.1

e Partial branching fractions
obtained in 12 g? bins

* This analysis also includes
a study of B> o/n/n’lv
(BF and FF shape) with the
same technique

April 15, 2013

Christoph Schwanda

0< g’ <16 GeV?

PRD 86, 092004 (2012)

16 < ¢° < 26.4 GeV?

F ] B—xlv signal

[ M cross feed
15002 b—ulv both B

- I b—ulv same B
[ C— other BE both B

| I other BB same B
FC—] continuum
* data

Events per 0.005 GeV
S
=]

a) b)

520 522 5.24 5.26 5.28
mgg (GeV)

P T I N i
5.20 5.22 5.24 526 5.28

Mg (GeV)

Events per 0.08 GeV
=
8

+

c) d)
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B — mlv untagged PRD 86, 092004 (2012)

* FF parameterization: Boyd-Grinstein-Lebed

2 2

.
1 S N \/Tﬂ. —(2—\/7”- _{'2
i) =5 ) a@p@R)) @@=V VH—D
P(q*)8(a* q5) ;, O = fmt -

e Combined fit with

FNAL/MILC lattice data <2

yields § s +

RE * Ok

(3.25 +/- 0.31) x 10’3 g::

* Alternative extractions  Z 1o

of |V,,| (using < g

LCSR/LQCD in regions o ° dam

of g?) consistent T o

with the combined fit 2__ BGL fit to data + FNAL/MILC |
April 15, 2013 Christ qjl - I5II - I1I0I - I1I5I - Izlﬂl - I2|5
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B—o TCIV with hadronic tag Shown at Lake Louise 2012
>
</ Om

BELLE

B — 7 tip,

4 T
E00; Belle

ot pelte S " Bmmay]  © 703/fb of Belle Y(4S) data
o] r@.»“mm&:r*g;«r 30_12+ 71067 1 .
vak 710 fb! 8 iy s:at.erq:sunly ° Hadron|c tag
oo £ * Yield extracted from M2
o Foodf L in 13 (7) bins of g2 for
a0k ‘%’0.02_— F= Data - Unfolded 5 BO _|_| B+ Ol
20} (B + — v (B* = ©°lv)

0 -0.02% L 1
-2 -1 0 1 2 0 (
M, GeVi/c ° 10 ¢ ooV Also B — P/ p /o/ n( )Iv
B+ — %07, measured
H F LB LB B B BN BNL BN LR I T mT El\'.l-\ : T T T T T T T Be“e T T : i 4
i Preliminary 3 25$ 71067 1 w  461+28  1.49 4+ 0.09 4 0.07
o Ton 5 Jr Saverorsonl 0 230422  0.80 4 0.08 + 0.04
60 - o . : 2 3
r ;E_ms 3 X, Theory  g°, GeV/c | Vis| x 10
a0t S ot | | LCSR1 <12 3.30+£0.22+0.09°03
i B 05t ‘ E I LCSR2 <16 3.6240.20 £0.10120
[ Ell:-ata Unfolded ] +0.58
20¢ I I ==y -+ HPQCD >16  3.45+0.3140.0975 5
[ F o kuow ; FNAL/MILC > 16  3.30 £ 0.30 £ 0.0913-3%
0 -0.05 - ' i
-2 -1 0 1 2 10.36
M2, , GeVirc? o 10 qgﬂaewci LCSR1 <12 3.38+0.14+ 0.09_8.25
) ) — - LCSR2 <16  3.57 £+ 0.13 £ 0.0979-3
kg pLlg cross feed BB HPQCD >16 3.86+0.23 +0.1010%

FNAL/MILC > 16 3.69 +0.22 4-0.09*)%5:
April 15, 2013 Christoph Schwanda 18




AB/A 7 (GeV?)

—t

10

X

107

i
A
v
L]

Belle
BaBar (12 bins)
BaBar (6 bins)
BCL fit (3+1 par.)
FNAL/MILC

IVubl

Exclusive (BCL fit)

IV, | =(3.23 +/- 0.30) x 10°3

Inclusive (BLNP)

CLEO (E)

4.19+0.49 +0.26 - 0.34

BELLE sim. ann. (m_, g%)

446047 +025- 027

BELLE (E)

488 +045+024-027

BABAR (E)

448 £0.25+027-0.28

BABAR (E_, s:—“")

466 +0.31+031-0.36

BELLE multivariate (p*)

447+027+0.19-0.21

BABAR (mx-cl 55)

417+0.19+0.24

BABAR (mx-cl .7

397022020

BABAR (m,<1.7,¢*>8)

425+£023+0.23-0.25

BABAR (P*<0.66)

402+025+024-023

BABAR (m_, ¢’ fit, p*>1GeV)

428 +0.24+0.18-0.20

BABAR (p*=1.3GeV)

429+0.27+0.19-0.20

Average +/-exp + theory - theory

440+0.15+0.19-0.21

L5 LG 4

Pﬁ,ﬁ,ﬁcv%ci:ofﬁ'mszﬂf'ms oz (BLNF)
1 1 1

i LEnd Of 2011

2

IV, | = (4.40 +/-0.15_,_ +/- 0.20,,) x 10°3

exp

HFAG preprint [arXiv:1207.1158]

* Exclusive and inclusive agree at the
level of ~3 sigma

6 Christoph Schwanda 19
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Unitarity triangle

1.5IIII|IIII1 IIIII | IIIIIIIIIIII
& 0.85 & N

E o % 1 Average |V,,| used by
oz 8D CKM fitter (ICHEP 2012)
P & : amg |V, | =(3.75 +/- 0.29) x 10°3
i 0, _ UT fit result
5 IV, | = (3.49 +0.21/-0.09) x 10°3
1--x
1_5|...|....1...||....|.|..I....
| p

* Exclusive/inclusive average nicely fits SM

* However, given the exclusive/inclusive discrepancy,
there is clearly room for NP in the UT

April 15, 2013 Christoph Schwanda 20



Right-handed currents

* Add right-handed currents (|V ,|=1V,,'|)
— B — mlv goes as |V, "4V R |2
— B—>tvgoesas [V, -V,,"]?
— B —> X, lvgoesas |V,'|*+|V,R|?
Can fit the data with ~¥17% RHC contribution

Florian Bernlochner
CKM 2012 workshop

Proposed by
[hep-ph/0505166]

[arXiv:0007.2461]
[arXiv:1007.1993]

April 15, 2013

V! x 10°

| | I | I | T

EE B X,y
Um B-oTtv
B -~ -Bonly
6
5
4

3

- Standard Model —»
2 ] I | | | | |

U L
HFAG GGOU
HFAG + new Belle
HFAG Avg. with

-04 -03 -02 -0.1

Christoph Schwanda




(Semi)leptonic B decays with t

April 15, 2013 Christoph Schwanda
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Search for the charged Higgs in B —> tv

_ w- ) H- 2HDM
Sm B B Type I

&
<
<

SRS B(B~ —- 7 v)=Bsy Xy
Belle, hadronic tag: 0.72 ‘_::jz +0.11
—il . 2 2 W.S.Hou,
R 2 2 Mp-
Belle, semileptonic tag: 1.54 ::f ::‘” Ty = 1 — tan ﬁ 2 PRD 48, 2342 (1993)
- mH_
Belle, combined: 0.96 + 0.26
—_—— .
* SM expectation
Bal | e lage: 1.83 +{).24
—— — Br(B—> 1tv) =(1.20 +/- 0.25) x 104
Bal wieptonic tag: 1.7 0.8+ 0.2
- o UT fit result
Bal ombmed: 1.79 = 0.45
. — Br(B— tv) =(0.72 +0.12/-0.08) x 10*
World average: 1.15+ 0.23
.. ) 1

- : Christoph Schwanda 23
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Measurement of B — tv PRL 110, 131801 (2013)
>
</ Om

BELLE

e 703/fb of Y(4S) data
* 4 signal tau modes: Tt — evv, uvv, v, pv
* New hadronic tag (sample x3 compared to 2006 analysis)
« 2dfit to E and M?_... (2006: E., only)

— Improve sensitivity by 20%

— More robust against peaking backgrounds

previous analyses
(EecL only) m The fitting variables

Signal combined ;
t ; MC MC
All Background

8350 | Belle, PRD82.

gz50| signal
+

The most powerful
separation variable!

+
Arbitrary

Arpitrary

> T, oI
0 background f I

L L " L | M | L vl b b Lol
'30'"""[{é""‘Ef_li"""ﬁ‘ﬁ""*rifh‘g”'i;;;j’_lz 0 02 040608 1 12 0 5 10 15 20 25 30
April 15, e Ecc, (GeV) M. (GeVZich) 24




Measurement of B — tv

PRL 110, 131801 (2013)

 Simultaneous fit to all four tau modes

Events / 0.05 GeV
S 8 8 8

N
=]
[

£
(=]
|

signal

background

P ey -7 TSP RURPORPURU TSPOFRURPIU N
0.2 0.4 0.6 0.8 1

1.2

(=]

EecL [GeV]

(Projection for all Mmiss? region.)

Events / 1 (GeV?/c?)

S s s m mk
Mmiss? [GeVZ/c4]
(Projection for EecL < 0.2 GeV)

* Signal yield: 62 +23/-22 +/- 6 (35 including systematics)
 Br(B—1tv)=(0.72 +0.27/-0.25 +/- 0.11) x 104

April 15, 2013

Christoph Schwanda




Measurement of B — tv PRL 110, 131801 (2013)
>
</ Om

BELLE

* Consistency between tau modes

Sub-mode Nsg (107%) B (107°)

T 1 T T T T ] T T T 1 L I T - e_ﬁe\?r 16iél 30 068t32?
T - P Vv 2672 31 106728
Belle Preliminary (stat. errors only) C T H Wb Ly > 3-28
. T on v 14752 34 052'073
. i 525’0_.,2 Combined 62723 112 0.72'32
< 062
T —= v 030 00 ,,,‘[,,,,[,,,,p"’a'”':‘,_o
[ ] ! 0.70 - ]
0.57" - 1 Ho.o
0.25 L -
T — uvv - ] 0.8
& 0.63 L ]
1-06*:0.53 E 020 o El e 0.7
T—=>evy ] 08
—— U_Bgfg::? E.- 015 [ —; 0.5
. . o 0.4
—e— 0.27 r ] .
0.72:}.25 ]
0.05 — —: 0.2
1 1 | 1 1 | 1 I | 1 1 1 | | 1 1 I 1 1 r Ll 1 0.1
O 1 2 3 4 0~'U|Jﬁ.5' - IIJ.lﬁl - I'D.|7I - IIJ.IEI - ID|.9I . I1.0 oo
B(B— tv)x 10 sin 2¢

April 15, 2013 Christoph Schwanda 26



(*) PRL 109, 101802 (2012)
B— D'ty arXiv:1303.0571 [hep-ex], submitted to PRD
* 426/fb of BaBar Y(4S) data B — D*fv

* Hadronically tagged events 400- I
. . - D#¥lv (3%)
e Simultaneous unbinned ._gm; — Comb. + Cont. (6%)
ML fit 3300:— B — D*v,
— 4 signal samples: o
DO|’ D*Ol, D*l, D™ 0—=— 5 10
mZ. (Gev?)
— 2 observables:
E RS P™ B 2Dty
Elsoj
[ mmissz= (pe+e- - ptag - pD(*) - pi?)2 } %100?
* g C
P, in the By, rest-frame of
%

April 15, 2013 Christoph Schwanda 27



Events/(0.25 GeV?)

Events/(0.25 GeV?)

Fit results B — D*tv

D7y D*trv D*rv
Nsig 639 £ 62 245 £ 27 888 £ 63
Significance (o) 11.3 11.6 16.4

0.322x0.032 0.355%0.039 | 0.332 = 0.024

[ d)

E
7 %}

501

Events/(100 MeV)

April 15, 2013

10Sm2, <120 GeV?

t 1 B—DOrv,

Events/(100 MeV)
o
o

<120 GeV?

'H'+ B —>D*+1:vT
1
++ + mﬂ

10<m

R
p*, (Gev)

Christoph Schwanda

|

Statistical errors
only

|

7 ™
®mDtv )
“D¥*tv

EDlv . F.ree
mD*1v yields
W D**]y
--Bkg.” Fixed
o 4

28



Fit results B — Dtv

Drv

Drv D7 rv
Nsig 314 £ 60 177+ 31 489 + 63
Significance (o) 5.5 @

R(D)

0.429 + 0.082  0.469 £+ 0.084

0.440 + 0.058 |

Events/(0.25 GeV?)

Events/(100 MeV)

Events/(0.25 GeV?)

- —
.-
-

L

D*—D
fe*ed down

Events/(100 MeV)

April 15, 2013

200

100

(0

[ b)

10<m2, <120 GeV?

B—-D%v,

Sl
-
-

100

50

10<m?, <120 GeV?
{ B—=D™v,

Christoph Schwanda

Statistical errors
only

|

' ™
BmDtv )
“D#*tv

mDly  Free
mD*1v yields
W D**]y
--Bkg.™ Fixed
. )
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Results and systematic uncertainties

Decay Nsig Nporm R(D™) B(B = D™1v) (%)  Liot(o)

Dr~v, 489x63 298165 0.440 £0.058 £0.042 1.02+£0.13 £0.11 (6.8)
D*t77, 88863 11953+ 122 0.332+£0.024 £0.018 1.76 £ 0.13 £ 0.12 13.2

R(D)  R(D*) Peoyy
R(D) = B(B — D1~ 7,) D** ¢/l v 58 3.7 0.62
- B(B - Dtv)’ MC statistics 50 25  -0.48
Continuum and BB bkg| 4.9 2.7  -0.30
€4io/€ o 26 1.6 0.22
B(B — D*t~v,) :

D*) = —~_ Syst. Uncertain 95 53 0.05

RIDY) B(B — D*{~vy) Y ty
. Stat. Uncertainty 131 7.1 -045
Total Uncertainty 162 9.0  -0.27

April 15, 2013 Christoph Schwanda 30



SM and 2HDM predictions of R(D"))

SM  Average SM Average
I i - 535M BB
BaBar 2008 BaBar 2008 37
Belle 2009 Belle 2009 5
059+ 0.16 047+ 0.10 | ® 657"M BB
Belle 2010 Belle 2010 —
034+ 011 043+ 0.09 g 66T BB
BaBar 2012 BaBar 2012 —
0.440 + 0.071 e @711\/1 BB)
al PRIY I MERTERER e PR Y
08 .
R(D)
2
a)
& B 2HDM

0.2 04 0.6

(SM prediction is excluded at3.4o) ChristophSchwa 007 0% 0503 1
tanf/my+ (GeV ™)




B, — Il

April 15, 2013

Christoph Schwanda
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Bs,d - M+“ Eséﬁg

* Double suppression: FCNC process and helicity suppression

* Sensitive to contributions in the scalar/pseudo-scalar sector,
extended Higgs models

B,— u*w, time averaged (3.54 £ 0.30) x 10°

Bo— ptu (0.107 £0.01) x 10-°

Buras, Isidori: arXiv:1208.0934
De Bruyn, et al [1204.1737] uses LHCb-CONF-2012-002

BR expressed in Wilson coefficients:

4m? 2
BR(BS—>ﬂ+ﬂ_)OC|CS—C'S|2 1- n;# +(CP_C'P)+ﬂ(C10_C'10)
mBs mBS

April 15, 2013 Christoph Schwanda 33



PRL 110, 021801 (2013) B.— ptu emerging

Bs,d - “+“ ﬁgﬁﬁ

* Combined analysis of
2011 and 2012 data

* BDT for signal

LHCbh =
Lo (TTevy +1.0 b (ETevy
BOT =03
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Summary

* | have reviewed results on semileptonic and leptonic B decays
which are sensitive to a range of extensions to the SM

* The Belle Il leptonic super flavor factory will allow to improve

these results and to access new modes, e.g., B, = t*1

From the 2013 briefing book of the European Strategy Group:

Table 3.2: List of key flavour-changing processes in the quark sector.

—3

Observables Comments Physics issues

CKM angle ~ tree-level SM input for AF=2 tests
|Vis| tree-level SM input for AF=2 tests
Bsagy — 10 A(fe) <5 % Higgs-mediated FCNC
CPV in B, o ~ 0.01 new CPV

B K&ty KMuw | 0 <5 % non-standard FCNC

— B — v, pv

K — oo

CPV in charm

A(fB) <5 %
A(BR) < 5%
uncertainty needs work

scalar charged currents
non MFV
new physics up-type quarks
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B—o p|V with hadronic tag Shown at Lake Louise 2012
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B* — wlv and B* - nlv
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Shown at Lake Louise 2012

D
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BELLE

X, Yield B x 10*

w 00+15  1.09 + 0.16 + 0.08
n 304+11  0.42 + 0.12 4+ 0.05
n'  6.1+47 < 0.57 @ 90% CL

703/fb of Belle Y(4S) data

Soon to be submitted to
Phys. Rev. D
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Events/0.20GeV-/c"

Evidence for B — pplv

Shown at Moriond EW 2013

e 703/fb Y(4S) data
* Hadronic tag

e Detailed study of proton id
 Signal extracted from M?

miss

(@B —ppev, ‘{h)B_—)PI;M_{’u

B sy
W wm W o
T

Events/0.20GeV/c’

=1 0.5 1] 0.5 1 1.5 2 2‘52 jl
Missing mass squared, GeV'/c

4 @5 0 05 1 15 2 2:5243
Missing mass squared, GeV*/c

signal significance: 3.190

Mode B(1079) U.L. (1075)
B~ — ppe v, 8.22731540.55 13.8
B~ — ppu~p, 3.13%510+£0.71 8.5
Combined Fit  5.787212 4 0.86 9.6
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Leptonic B decays

I + + + Gympm; mg : 2
b. /é [(BT = {£Tyy) = . ( —m—) 15|Vl
\ V B B
2t B(B — ev)gy ~ 1071
W \ (B—>/_U/) N 30)(10_{
M

Vi B(B —> TV)bﬂ[ ~ 1074

* Helicity suppression I'(ev) << I'(uv) << I'(tv)

* Very clean theoretically,
might be affected by NP (2HDM, lepto-quark)

* B—> evandB — uv are also experimentally clean but beyond
the reach of Belle

* B — 1v has 2-3 neutrinos in the final state and kinematics
cannot be fully reconstructed even with hadronic tagging
(high background measurement)
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Search for B — |v Shown at ICHEP 2012
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