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e Theoretical motivation

o Existing measurements

e Belle’s new measurement of b — (s, d)vv
with the semileptonic tagging method

e Interpretation and comparison to existing
measurements.
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e Flavor changing neutral currents forbidden

at tree level make b — (s, d)vv highly v/ v
suppressed. l
WVTT WVTT
e Theoretical calculations of B cover the range: b Fu, 6t ¢S
24 x 1077 (rTwp) = 9.2 x 107° (K*Tvp),
where the B — (7, p)v¥ decays are further a,d

suppressed by a factor of |V,;/V,,|?

)

e Theoretically clean due to a maximum of one
electromagnetically interacting charged
particle in the final state, as opposed to b
K™~ decays.

e Several new physics models (SUSY, 4,d
non-standard Z coupling) could enhance One-loop box (top) and electroweak
these decays. penguin (bottom) for b — svv decays
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https://arxiv.org/pdf/1510.04582.pdf
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.074020

Experimental status
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http://journals.aps.org/prd/pdf/10.1103/PhysRevD.82.112002
http://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.112005
http://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.111103

New measurement of B — h® vz with the
semileptonic tagging method with the full

Belle dataset of 772 x 10 BB pairs

) = K+a ng, K*+7 K*Oa 7'l'+, 7TOa P+, pO
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Belle Full Reconstruction method %(I
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Typical B factory event
——y

Tag- and signal-side of the full reconstruction
%
t : T

tag side signal side

+
Btag

L K+tr—

e Hierarchical reconstruction of

.
the B using NeuroBayes!. - MGl

e Check if the remaining
particles in the detector are
consistent with the signal
signature.
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http://dx.doi.org/10.1016/j.nima.2011.06.008
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Which tag-side reconstruction? ~\ R
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Tagging techniques

Purity
Efficiency
Inclusive Semileptonic Hadronic
B — anything B — D™y, B — hadrons
e~ O02%) e~ 0(0.2%) e~ 0(0.1%)
Very large statistics; Mid-range reconstruction Cleaner sample
Also very large background efficiency; Knowledge of p(Bsig);
Less information about Lower tagging efficiency

Btag due to neutrino
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Reconstruction I
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This semileptonically tagged sample provides a statistically independent and

more efficient sample of reconstructed BB events as compared to the
hadronically tagged sample.

B — tv with semileptonic tag

Tag semileptonic ~~~F , PRD 82, 071101(R) (2010)
B-decay: Combine e 2B eamEpime — Mg — Mpa), |||
D** and oppositely- ' 2p5e| - Iﬁ?)?:)pl f |
charged lepton can- s MW }l /Signal
didates and calcu- x £ 300 I1
B . 8 i qq

late the cosine of the v + 0po

= WV 200 i B"B
angle between the B . #

) 100

mi)me.nturn and the Ccos BB—D 1 \'
fD I in the T(45) D*l 0 -8 6 4 2 0 2 4 6 8 10
rame.

oSty

v/ tag candidates: cosOp_p*, € [—1,1]

Output of the network used to identify real B,z candidates (Mag)
can be interpreted as the probability of the By, meson to be a real
one in a generic sample.
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Reconstruction 11 \“(I
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e Reconstruct one light meson: K+, K%, K*T K*°, 7z 7% pt, p°.
Invariant mass window of K* & p optimized via Ns/v/Ns + Np.

e No additional charged tracks or 7 candidates left in the event.

e Veto events with reconstructed K candidates.

e Suppress eTe” — ¢g background with a neural network using

topological variables.

Fraction of events with multiple Y(4S) candidates up to 20%. Best candi-
date taken to be that with the highest N;ag, i.e., candidate with the highest
probability for being correctly reconstructed.

Train a NN to separate signal € in 1073 exp. # of background
from background: 2= 2.16 103.6
B® - K%vp 0.91 22.4
e Optimize a cut on the network Bt = K** (= K*n%) vw 0.25 1.1
L Bt = K** (= Kn%)vi 0.32 2.1
output by maximizing a B° — K*%p 0.51 24.8
Punzi-FoM: Bt = mtuw 2.92 474.0
B® - i 1.42 41.0
ne 4 ./ B* - ptup 0.82 62.4

€ + B) P
/ ( 2 BY — oo 111 1725
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Signal extraction

Extract the signal yield by fitting the
Extra Energy in the Calorimeter:

Sum of energies of neutral clusters not
assoctiated with reconstructed particles

‘ Egcr = Z Ecalor. — (Z Etag + Z Esig) ‘
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continuum [ B"-background

rare
B-background ::’: SM prediction x 4

entries per 0.1

12
Eqc in GeV'

Extensive Toy MC studies performed to estimate sensitivity: 1K bkgd.-only samples

generated and fit for yield estimate.
corrected for in fit to data.

Charm B decay & gq background
for KTvv in EgcrL € (0,1.2) GeV.

Dominant b — ¢ contribution from
semileptonic B decays.

12,

Soldenz

contribution in %

continuum 22.6
2 leptons missing 153
K s and lepton missing 65
lepton and hadrons missing 241
2 charged hadrons missing 1.7
wrong B type 38
hadronic, &, missing 241
hadronic 77° missing 1.0
no match 0.0
other 10

Fit bias estimated from ensemble tests and

(o ox 417
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Fit to dat
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Extended binned ML fit to Egcyr:
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. . Channel Observed N; Significance

e Histogram templates to model signal and bkgds from .
Ko 177 £ 91 %34 190
, charmless B decay, and . K 06+ 42+ 14 0.00
K*tww 162 £ 74 £+ 18 230
; : K*%vi —20 + 36+ 18 0.00

[ ]
Relative fractions of the background components o S Py
. o s

fixed to MC expectations. v 02 £ 56+ L6 000
pruw 62 + 123 + 24 030
Povi 119 + 9.0 + 3.6 120

e Signal and overall background yield allowed to vary.




Systematic uncertainties

K veto 0.2 0.2 0.1 0.2 0.6 0.4 0.6 0.0
fixed fraction 0.4 0.3 0.1 0.2 1.3 0.1 0.1 1.0
continuum correction 2.0 0.0 0.0 0.0 31 0.0 0.0 0.0
tag correction 0.5 0.2 0.1 0.1 1.9 0.1 0.2 0.5
shape uncertainty 2.6 1.3 1.8 1.7 4.5 1.5 2.3 34
fit bias 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.2
total 3.4 1.4 1.8 1.8 5.9 1.6 24 3.6

e Uncertainties related to the signal yield (table [absolute]) are estimated
by refitting the data with each quantity varied by +1o, with the
exception of the shape uncertainty which is evaluated from Toy MC
studies.

e Remaining uncertainties include: 7° and charged track veto (4%); raw
track requirement (1%); particle ID efficiency (2%) 7 efficiency (4%),
K} efficiency (2.2%) Ngz (1.4%).
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Upper limits
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Channel Efficiency Expected Limit Measured Limit

K*tvw 2.16 x 1073 0.8 x107° 1.9 x 107°
e Expected (exp.) and Kduvw 0.01 x 1072 1.2x107° 1.3x107°
observed upper limits  K*fw#z 057 x 107° 24x107° 6.1 x107°
*0_ -3 —5 -5

at the 90% confidence K*"wvp  051x10 24 %10 1.8 %10
level (including systematic L 202 x 1072 L3 1072 L4107
me &8y v 1.42 % 1073 1.0 x 1077 0.9 x 1077
uncertainties) prvp 111 x 1073 25x10°° 3.0x10°°
v 0.82 x 1073 22x 1078 4.0x 1078

Combine charged and neutral modes:

The systematic uncertainties are evaluated
on independent MC and data control

samples for charged and neutral modes. B(B — Kvp) < 1.6 x 107°
= Can be considered uncorrelated. B(B — K ) < 2.7 % 10~°
Add the -£ and scale the B of the neutral B(B = mvi) < 0.8 x 10°°
modes by 74 /TB and repeat the calculation ' e
of the limit: B(B — pvp) < 2.8 x 10
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Comparison with other measurements

BaBar hadronic

A Belle hadronic result —
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BaBar semileptonic

SM prediction

V  this work expected A this work observed
A A
R (s A A
O A
N A A A
k=) A A
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O v v
S X v
S @
5 10-%} ¢ _ =
= v -
1076

- — R w——— | R— - -
Ktvo Ksvv Ko K*%w ntow avw

B decay channel

Worlds most stringent limits obtained for:

B° 5 K%3uvr, B®° —» K*°uvp, B1/° 5 nt/%p, BT/0 5 pt/0up

P. Goldenz
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» New measurement of B(B — h(*)uw) with the
semileptonic tagging method by Belle.

» Highest significance in the B — K*tvv channel (2.30).

» Worlds best limits set on B® — Kgl/ﬁ, B° — K*%up,
Bt/ 5 7+/0u5, and B1/0 — pt/%up.

» None of the limits excludes SM predictions and all leave
room for contributions from new physics.

» To be submitted to PRD this month.

= See talk by Saurabh Sandilya later this session on Belle 11
prospects for rare decays.
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