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KEKB collider and Belle detector

Located at KEK in Tsukuba.

tedat € Resistive plate chamber + Fe
e'e >Y(4S)-BB

(detection of p and K|) Csl(TI) calorimeter
(detection of e* and y)

Four layers of double- =~
sided-silicon-strip
(vertexing)

-

(K/m separation)

Drift chamber Aerogel Cherenkov counter
(tracking and dE/dx) (K/rt separation)



Introduction for B—TVv

* Inthe SM, annihilation process mediated by W=.
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* Branching fraction proportional to fa%| Vb | 2.
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* fp: B meson decay constant. (190 £ 13) MeV from HPQCD.
PRD8O, 014503 (2009)

* Vub: CKM matrix element. (4.15 + 0.49) x 1073 from PDG.

From b—ulv transitions.

e Expected branching fraction = (1.10 £ 0.30) x 1074



Effect of charged Higgs for B—1v

* Branching fraction of B—1v could be affected by charged Higgs.
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* An example of the modifications is:

B(B — tv)=B(B — TV)sm X TH

2 2 :
B mys ., o Type Il of two Higgs doublet model,
= (1 ton” ) W. S. Hou, PRD48, 2342 (1993)



Methods for analyzing B—Tv

Exploit that a B meson pair is generated by e*e™—Y(4S)—BB.
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Tag , etfc. Signal

* Two independent tags are used.
* Hadronic tag: tag B in hadoronic decays B—D!"m, etc.
e Semileptonic tag: tag B in semileptonic decays B—D{"llv.

* Signal extraction using extra energy in electromagnetic calorimeter,
which corresponds to detected energy for neutrinos (~0 for signal).



First evidence for B— TV

* First evidence for B—TV signal

obtained by Belle using hadronic

tag for 449M BB data (3.50).

60% of full data
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Fitted by smooth PDFs.

PRL 97, 251802 (2006)



B—TVv by semileptonic tag

* Using 657 M BB (85% of full data). $ 350 T
e Evidence of signal (3.60). S 30 t
§250 signal
* Precision better than hadronic-tag result. |
it
B = [1.5410 37 (stat) g3 (syst)] x 107
Syst. from BG PDF, tag efficiency, etc. background

00 02 04 06 0.8 Eecg (Ge\))'z
Decay mode Signal yield g, 1074 B, 107 Fitted by histogram PDFs.
T — e v, B 5.9 1:907 250
T Py 24 3.7 0.501 373785
e 55224 4.7 1.80+0.02+0-20
Combined 14313 14.3 1.547 =80

—037-031  PRD 82, 071101 (R) (20]0)




Summary for B—Tv as of winter 2012

Belle, hadronic tag, 449M BB o B = [1.797530 (stat) 520 (syst)] x 1074
BaBar, hadronic tag, 468M BB B = [1.80102% (stat) £ 0.26(syst)] x 10~*

Belle, semileptonic tag, 657M BB~ ——e— B = [1.541)35 (stat) T 27 (syst)] x 107*
BaBar, semileptonic tag, 459M BB B = [1.7 £ 0.8(stat) £ 0.2(syst)] x 10~*

| | | | |
0 0.5 1 1.5 2 2.5 3

HFAG average: B = (1.67 4+0.30) x 10~*

* BaBar also obtained results for hadronic and semileptonic tags.

* The results are in good agreement while all results are slightly
higher than a SM expectation: (1.10 = 0.30) x 1074



Tension with CKM-fit prediction
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Using this |Vub|, we obtain a tension with a significance of 2.80.
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Data sizes used for B— TV
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Data sizes used for B— TV

Update on hadronic tag (full data), ICHEP2012
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From next page, will explain about recent update on hadronic-tag analysis.



Improvements for new hadronic-tag analysis at Belle

Data size x 1.7.
Improved hadronic tag: efficiency x ~2.

Improved signal extraction: sensitivity x ~25%.

Expected sensitivity: x ~2.
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Improved hadronic tag

More decay modes. NIMA 654, 432 (2011)

Event selection by using NeuroBayes (neural network).

s x103
&) =
> 300 fre £k

50 Classical

O’L | R R 3 i g g g Q¥ g .
524 525 526 527 5.28 Mec: mass of tagged B

: s
M, [GeV / ] obtained using e*e” energy.

Efficiency improved by a factor of ~2 (at ~same purity).
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Improvement for signal extraction

Previous analyses
(including BaBar) used
single variable Eec.
for signal extraction.

w
i
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 Belle, PRD82.
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o background
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EeeL (Ge\))

EecL: extra energy detected at ECL
after removing all detected particles
(“detected” energy of neutrinos).

This analysis uses two
variables Eect and Mpiss?
for the signal extraction.

T — vy

MC

Arbitrary

T — TV, PV 1
PRI I I I I

0 5 10 15 20 25 30
M. _ (GeV%/c?)

miss

Mumiss2: missing mass squared in an event
(mass squared for neutrinos).
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Improvement for signal extraction

Previous analyses This analysis uses two
(including BaBar) used variables Eect and Mpiss?
single variable Eecy for the signal extraction.

for signal extraction. _—
T — {UD

w
N
o

- Belle, PRD82 T
|Improvement on statistical sensitivity: ~20%.
. |[Method less sensitive to peaking BGs in Egci.
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EecL: extra energy detected at ECL
after removing all detected particles

(“detected” energy of neutrinos).

Mumiss2: missing mass squared in an event
(mass squared for neutrinos).



Another improvement: K| veto

* If a KL exists, we reject the events.

 Efficiency difference in data and MC calibrated by D°—®Ks, d—KsK;
(normalized by ®—K*K").

 Validity checked using B°-»D"1r*, D""=Dmr~, D—=K,n°.
Check done also for B—=T1v BG in Egct sideband data.

w/ K. veto, w/o K| veto efficiency correction w/ K. veto, w/ K| veto efficiency correction
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Another improvement: K| veto

* If a KL exists, we reject the events.

 Efficiency difference in data and MC calibrated by D°—®Ks, d—KsK;
(normalized by ®—K*K").

 Validity checked using B°-»D"1r*, D""=Dmr~, D—=K,n°.

Improvement on statistical sensitivity: ~5%.
Method less sensitive to peaking BGs including K.
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Efficiency and expected signal yield

 Efficiencies and expected signal yields are listed depending

on signal T decays following to B—T1v. o
Preliminary

Mode € Number of signal
T™ — € Velr 245 %10 = 31.2
TT — uULr 1.70 107 21.6
T —= T v, true 77 — Ty 1.76 x 1071 22.4
T~ — 7 vy, T~ — { v, 7 cross feed 1.95 x 10—4 24.8
T— — T vy, T~ — p v, and other cross feeds | 1.86 x 10~4 237
T — p Uy 1.51.x10°* 19.2
Total 1122 %107 142.9

Cross feeds taken as signal (ratios of efficiencies fixed in the fit).

e Expected signal yields obtained for BR(B—Tv) = 1.65 x 107,

e Corresponding expected statistical significance is 6.70!
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Box opened.

Preliminary

120" i
i :\ 25__
= 100} I
G | >
12 80 3
S L ~
~ h
g % P
& 40F €
> o
L >
20 w
0 02 04 06 08 1 1.2
Ecc (GeV) M. (GeV?/c?)
Eece in all Mpiss? region. Mmiss? in EecL < 0.2 GeV.

 Signal yield: 62.37231_9;7.
e BR(B—TV)=[0.72%0-27_5 5] x 1074

(Only statistical errors are shown.)

3.20 (stat only)
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Systematic uncertainties  Preliminary

B(B~ — 77 7,) = [0.7210:5% (stat) [+ 0.11(syst )] x 1074

Syst. for signal yield Syst. for branching fraction
source error source error (%)
PDF Histogram MC Statistics 129 Signal Yield 11.2
Signal Fgcy, Shape fg:g NBE 1.3
PHOTOS radiative correction 10 Reconstruction efficiency
Peaking BG, generic B +1.3 MC statistics 0.4
Peaking BG, rare B +1.9 Br. of T 0.6
Peaking BG, b — ulv +0.4 PID efficiency 1.0
Efficiency ratio, MC stat igé 70 efficiency 0.4
TOl,n(m(t.hmg fraction 700 Tracking 0.3
7 efficiency +0.3 0 e 73
PID efficiency o b —
B0 e - Tagging efficiency 8.5

bt ~2.2 te X
Tagging Efficiency in BG +0.1 dotal i
Total Lo T

Significance for signal yield: 3.0 (including syst)
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Comparison of the results for B—TVv

WA as of winter 2012

—— o Belle, hadronic tag, 449M BB
Be”e, hadronic tag, 772M BB BaBar, hadronic tag, 468M BB
0.27 —4
B =[0.727555 + 0.11] x 10 —— Belle, semileptonic tag, 657M BB
Pre“minary BaBar, semileptonic tag, 459M BB

L | | | | |
0 0.5 1 1.5 2 2.5 3

BR(B—Tv) [x1074]
New result lower than the previous results.

Preliminary

Combining the results for hadronic and semileptonic tags of Belle,
we obtain B(B—T1v) = (0.96+0.26)x104.
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Comparison of the result with CKM-fit prediction

NeZ’m [ CKM fit w/o BR(B — T v)
T e Measurements (WA)

1.0 N L B B B LN LR B
o o Discrepancy by 2.80 E
T o up to winter 2012. ]
; 0.4 [ -

. I?/Llle, ICHEP12 preliminary -

0.0 L A RN RN RRAN BRI AR A

| |
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

BR(B — tv) x 10*
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up to winter 2012

CKM fit -
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New result is in good agreement with CKM-fit prediction.



Constraint on Type || 2HDM

4 I I I I | I I I I

From B(B—Tv) = (0.96+0.26)x10%4, - Preliminary _
we constrain ry for Type Il of 2HDM. I Excluded (95% C.L.) /-
B(B — tv) =B(B — TV)sm X TH = 2:_ -
m2 2 i / I
ryg = (1 — —2B tan? B) = .
miy - preferred preferred -
A ?‘e\\ /7/* |
’ tan B/m . (GeVle2) o
Do not agree with recent results on g:
B—DU)rv from BaBar... y

¥

preferred

arXiv:1205.5442

Type Il distavored...? freferred
Would need more statistics. SEEEOTIISEIE 799

tan3/my+ (GeV™')
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Summary

* Recent update on B—Tv at Belle.

e Sensitivity x ~2 by data increase, improved hadronic tag,
improved signal extraction, etc.

* Result consistent with SM expectations.

* Relation between B—Tv and B—D!")1v: interesting
topic at super B factories.

* Note: error still dominated by the statistical error.
(Also most of the systematics related to data size.)
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Event selection

Tag side

Hadronic tag:

« -0.08 GeV < AE < 0.06 GeV |
+ 5.27 GeV/c? < Mie < 5.29 GeV/c? | |

e Tag quality (neural net) > 0.03

Signal side

V's u, e, M, T

/ (4 signal modes)

T

>

Q.

vV ¢

e Charged particle:
e *, p*, or * with |Ar| < 0.5 cm and |Az]| < 3 cm.
o T°:
*0.1178 GeV/c? < My < 0.1502 GeV/c?
* Ey, forward > 0.05-0.15 GeV depending on angle.
* No extra tracks in |Ar| < 15 cm and |Az| <75 cm.
* No extra m%s.

* No K;.

*—0.86 < cosine of missing 3-momentum in e*e” frame < 0.95.

Signal extraction by extra energy EecL and Muiss®. ',

" ni® mode in p mass region (£0.15 GeV) '_
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Tag efficiency correction

Efficiency correction by fitting Mp.

for EecL sideband data.

250
o
\ —
o 200: correct tag | .
o - a
o 150~
o i
S
< 100
12 i wrong tag : ‘
c i ! i
$ 500 4 bttt i
I.IJ i‘ " “w
i | ] e |

0 . AR
524 525 5.26 5.27 5.28 5.29
M, (GeV/c?)

After applying selection
for the signal side.

Validity of tag efficiency correction
using B=DUlv control sample.

200
+
£ 1s0f
§ 150_ MC
@ I
S 100:—:F
g [+ data
= ks +
- 50 :I:+
< : 4+,
0_ T T S I. e
0 0.5 1
E.. (GeV)

B(B~ — D*l~1;) = [5.60 & 0.22(stat) % 0.28(syst)] %

PDG: B(B~ — D*l 7)) = (5.68 £0.19) %
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K. veto

* Background rejection
using K| is introduced.

e Effective to reduce

peaking backgrounds.

* Improves the statistical

significance about

5%.

Events/0.05GeV

90

0.4

0.6
Ec, (GeV)

0.8 1

BY%tagged total
without reconstructed K;
with reconstructed K|
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Signal PDF for Egct is calibrated

Signal PDFs for EecL and Mmiss?

using D'Iv control sample.

Number of events

160
140
120
100
80
60
40
20

D’lv data
Dlv MC

ity

L -I-":+='==L_'I:=--|—=|;=h--

0.5 1

EecL (GeV)

Signal PDF for Mnmiss? is affected

by momentum resolutions.

Since Mpiss? for B=Tv has wide
distribution, do not apply correction.

80F
70£D’Iv data t

3 50 I'Jr

o 40 +* H

R
101 A i
OE-M#nﬂ. A

04 02 0 02 04

Mnmiss2 (GeV?2/c4)
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Peaking backgrounds

At least one of Eeci and Mnmiss? distributions have difference from
signal. Result is less sensitive to peaking backgrounds.

If BR is known, error of BR and MC statistics in Syst.

- - - 200
300 | o +++++++++ 1000 E e 50 $ E T
200 b ++++++ + 750 [ N +++ N __ 150 | 11 ++Jr++
-+ IC: datax 10 | =0 F * ", ‘0 C: data x 0 EE oy
100 C + + ++—|— + + :+ Lo+
" forbc | ®E - - 0 | fbrbé 0E R,
0 - 1 1 1 | ) 0 y —1 1 1 | 1+._ 0 C 0 i L . : +|++++_'J*
0 1 0 20 0 0 20
* 2 0 2
DUV Egq Miiss v EECL Miiss

If BR is not known, assume SM value in the nominal fit. SM value
+50% and MC statistics in Syst.

30 MC data X5 150 —Jrjr 60 %MC data x 50 X _ WUHU[J(
2 Jfr mrf m d . w0 | " " fr rare modes. * [ Hﬁw *
) i # S,

.H +H+ 50 ?—' H ++++++ 20 Jer Jr ‘|:H_'|' _*_|_‘H’H‘ E-|-+ } 'H._I_'I'JrJr JF

IVV EECL I\/Imissz XSVV EECL M_. 2



* In the nominal fit, ratios for different T modes are fixed.

* Here we test a fit by floating yields for the four T modes.

Mode

Number of signal

Efficiency

e Vel/r 15.57 447 2.98 x 1074
T 77 25.61154 3.12 x 1074
Uy 7.872% 1.76 x 104
Py 13.6175°7 3.37 x 1074

% 02040608 1 12

>
o
(O]
0
]
S
~
)
2
c
o
>
[T}

Egc. (GeV)

Events / 0.05 GeV

o = S
0 02 04 06 08 1 1.2
Ecc, (GeV) Egc, (GeV)

Events /1 (GeV%/c?)

Events /1 (GeV%/c?)

i e e

"5 10 15 20 25 30

10

M, (GeV/c®) M., (GeVZ/c?)

M s (GeVZ/c?)

Events /1 (GeV%/c?)

5 10 154 25 30
M. (GeVZ/c*)

Belle Preliminary (stat. errors only)
ICHEP 2012

T — PV

+0.72
0.527 .,

T— TV

T 05735

T — UV
1 06+063

-0.58

T — evv
0.68+0.49

-0.41

Combined Fit

0.27
0.72+_0_25

0 1 2 3

B(B — t v)x 10*

Consistent results obtained.
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Comparison with the previous hadronictag result

PRL 97 (2006)

This analysis

Tag Hadronic tag Hadronic tag (new)
Number of BB events (x10%) 4.49 4.49 3.22
Efficiency (x10~%) 3.0 11.2 11.2
Signal yield 24.1fg:g 54.17:%?:‘81 8.67:%‘21:2
B(B~ — 77 7;) (x107%) 1791058 1087031 0.241531
-3
New analysis based on improved tag, loose 0-25;‘10
event selection, and reprocessed data. 0
Most of the data after the selection are ' ¢
independent from old analysis. T 0.15F
. . : !
Assuming that all the events in old analysis ) .
are included in new analysis, the remaining o %1
data sample in Ng; = 4.49 x 108 provides 005
BR ~ (0.6+0.4) x 10 (1.90 from old result). I ‘L
0_ I I l
4.49 (old) 4.49 (new)  3.32 [x 10° BB]

*conservative.
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Combining results of
hadronic and semileptonic tags

Simultaneously fit the events of
hadronic and semileptonic tags
using single floated BR(B—TV).

Correlated and uncorrelated Syst.
taken into account.

source error (%)
Hadronic tag
PDF MC statistics fg:g
FE'rcr, shape correction “_Lg:g
Eff. MC stat +0.3
Eff. «° fg:i
K?} efficiency correction “_Lg:g
BG, B tag efficiency fg:g’.
Signal, B tag efficiency fg:g
Semileptonic tag
PDF MC statistics f‘gg
Continuum scaling factor +1.5
FErcrL shape correction fg:g
Eff. MC stat +0.2
Signal, B tag efficiency ’_ng
Peaking BG, 7 pair +0.5
Correlated
Peaking BQG, generic B i
Peaking BG, rare B fg:g
Peaking BG, ulnu B fg:?
Br. of 7 fg:i
PID efficiency +0.9
Tracking +0.5
PHOTOS radiative correction “_Lg:g
Number of BB +1.4

Total

+13
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B—T1v by hadronic tag from BaBar

e Using 468 M BB. &' (@
-
. . g120__ relimina
e Evidence of signal (3.30). 3
°°;— s|gna| J| ‘+”
B = [1.8070 21 (stat) £ 0.26(syst)] x 107*  “L_ . SEFE
227 background
Syst. from BG PDF, tag efficiency, etc. ot oo

E,... (GeV)

Fitted by histogram PDFs.

Decay Mode ¢ x 10~% Branching Fraction (x10™%) Significance o

T —etvr 273 839 o 0.5
T s utve 292 1o3FLEe 1.6
T >ty 1.55 4.01@;3 3.3
T+ = ptv 0.85 43 e 2.6

combined 8.05 1.80% 2 3.6 arXiv:1008.0104
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B—T1v by semileptonic tag from BaBar

* Using 459 M BB.

* Excess of signal (2.30).

Events/0.125 GeV

B = [1.7 4+ 0.8(stat) & 0.2(syst)] x 10~*

Counted in signal region.
(Region depends on T modes.)

Syst. from BG yield, tag efficiency, etc.

Mode Npe®  Ngps Branching fraction (X107%)
t—ety,p, 8112 121 (3.6 = 1.4)
=gt v,. 135213 148 (L3%}%

™t — pt o, 59+9 71 oM oz 1
t—atp, 23419 243 (0655

PRD 81, 051101 (2010)
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B - tv with hadronic tags at BaBar Guglielmo De Nardo, ICHEP2012

* Fit to residual energy in calorimenter simultaneously in 4 arXiv:1207.0698[hep-ex]
reconstructed modes (t 2evv, T 2Uvv, T 27V, T SpV) Submitted to Phys.Rev.D (R)

* Floating parameters: BF and 4 background yields

* Combinatorial B tag background estimated from data. MC modelling of
B* background shape from MC signal E_;., PDF
* Excess of events over background of 3.8 ¢ checked with
double tags

B(BT — 7Fv) = (1.837033(stat.) £+ 0.24(syst.)) x 1074

1€

-
%
=

N, 100 MaV
Ry rrefrrSrrbrr P

%W

PINEY Ak TN L NN GO T RS VST G T - T e T o
0 02 04 06 08

92 b4 08 GF 2 "oa oe o038
EOK"G [GeV] E ecna [COV] E g [G3V]

arXiv:1008.0104: B(BT — 77v,) = (1.8075 27 (stat.) £ 0.26(syst.)) x 10~*
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B— DU Jrv from BaBar
arXiv:1205.5442

.{.Qnoslu

[Pe| (GoV)

0 02 04 06 08 1
tan8/my+ (GeV™?)

Events/(0.25 GeV?) [Events/(100 MeV) in insets]

R(D!")): ratio btw tau and | modes.

) 43 L LS

il oV Blue: this result, red: Type Il of 2HDM.

S Minies (GeV?) .
BB-Drv, @B-Dtv, WB-D/r W% T)'pe ” OF 2HDM |S eXCIUded by 99.8%...

BE-D'r 7 @B-D¢7 [FBackground



