Charmless Semileptonic B Decays at Belle

1. B = nWey, 2. B—> wTUs

César Beleno
On behalf of the Belle Collaboration.

\-J D

7 7 3 1

O

Georg-August-Universitat Belle

Gottingen

August 5, 2016
38th International Conference on High Energy Physics
Chicago, USA
C. Beleno Exclusive B — Xy 4v decays ICHEP 2016 1/9



Introduction and Motivation

@ Beam energies at B-Factories

R 25 Y(1S
tuned to produced B pairs 5 ,(M
through ete~ — T(4S) — BB. 3 i
_ Ssp Off-Peak (q=u,d,s,c) On-Peak
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@ Semileptonic B decays used to % | ! Y ‘g L
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|\/Cb|y |V'u.b| 844 946 10001002 1033 1037 10.54 | 10ss 10.62

Mass (GeV/c?) 2Mg

@ Two approaches to measure
semileptonic B decays:

» Exclusive: a specific final state is
reconstructed (e.g. B — mév)

» Inclusive: ALl B — Xglv final
states within a region of phase
space are reconstructed.

@ ~ 30 discrepancy between inclusive
and exclusive measurements.
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Reconstruction of the decay

Methods to reconstruct B mesons:
Untagged Xu Semileptonic Xu Hadronic Xu
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Signal Side:
@ Identify a Lepton.
@ Meson reconstructed w FSP:
T, w0, .
@ Neutrino is inferred from
Pmiss = P’Y‘(4S) - PBtag - Pg+ — Px,
Fit variable: M2

miss

03F | T = signal
— Background

Arbitrary Normalisation
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Exclusive B~ — n¢—p, decay

@ Reconstucted channels:

>N — vy BF: (39.31 £ 0.20)%
» n—amtr—n® BF: (22.74 £ 0.28)%
» ' = Nyt~ BF: (16.9 £ 0.3)%

Decay rate:
ar(B — n“ew)

s iy aq?
effects TN q2 — (PZ _|_ PI/)2

~ Vol ?| f+(a?)|?

@ Form factor fi(g?) calculation represents a theoretical challenge.
@ The signal B~ — n“¢— D, is generated using ISGW2 model.

@ |Vi»| measurement from this channel not possible yet since a reliable
F+(g?) is needed.
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Cut based analysis.

5/9

ICHEP 2016

Hadronic tag B — m4v and B — n’4v yields
Bt — nev

Exclusive B — Xy 4v decays
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Branching ratio and previous measurements

A comparison of this result with previous branching ratio measurements is
shown below

AWN

CLEO untagged™
044 £0.23 £ 011

BABAR SL tag”
064 +0.20 £0.03

BABAR loose untagged"
036 0,05 +0.04

BABAR untagged"’
0.31+£0.06 +0.08

WORLD AVERAGE
0.37 £0.04 £ 0.04

BELLE had tag (this)
0.42 £0.11 £ 0.03
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h Summer 2014
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BB - nl'v)[x10%

CLEO untagged"”!
271080 £ 056

BABAR SL tag”
0.04 £0.22 +0.04

BABAR loose untagged'”
0.24 +£0.08 £ 0.03

WORLD AVERAGE
0.23 +0.08 +0.03

BELLE had tag (this)

0.36 +0.27 £ 0.03

HFAG
Summer 2014

ULL. @890% C.L. = 0.76 x 10 (this)

[ I |
-1

-2 0

2 3 4
BB - n'I" v)[x107]

. PRD76 012007 (2007)
. PRD79 052011 (2008) Total Systematic Uncertainties (This)
. PRL 101 081801 (2008) B — n/éu 6.4%
. PRD83 052011 (2011) B — n'tv 8.3%
Small background results in better control on systematics
Most precise measurements from tag method
C. Beleiio Exclusive B — Xy 4v decays ICHEP 2016

6/9



Exclusive B° — w—71tv, decay

@ Reconstucted channels:

> T — e Dels BF: (17.83 £ 0.04)%
> TT — T Ur BF: (10.83 £ 0.06)%
> T — p U BF: (25.52 £ 0.09)%
W+/H+‘.£+ Decay rate:
b ar(B — mrtv
5 v TEZT RVl A @R @)
a _
dw | fo(g?)|? appears due to non-negligible m..

@ In new physics models e.g. 2HDM, this process is mediated by H*
@ R(m) =B(B — wTv;)/B(B — Tly,) depends on fo(q?)/f+(a?).

@ In SM R(7) = 0.641(17), = B(B — ©Tv;) = 9.35(38) X 105
LQCD, FNAL/MILC arXiv:1510.02349 [hep-ph]
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Hadronic tag B° — w—771v, yields

Multivariate analysis (BDT).

Events /0.15 GeV

\ Full T'(4S) dataset 710fb—1

Yields extracted using an
00X Sessestes

5%
BRI
BRI

extended binned maximum

Likelihood on the EgcL.
§ EecL: extra energy deposited in
o Components: Electromagnetic Calorimeter.
: Signal First imental result on thi
B — XA irst experimental result on this
Other (fixed) decay, published PRD93 032007
(2016).

Combined signal yield: 52 4 24

B(BY -~ 7tu;) = (1.524+0.74 +£0.13) x 104
Significance: 2.40 (with systematics)

UL.: B(BY - m7tu;) < 2.5 x 107% ©@90% C.L.
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Summary and outlook

B — nev
@ We have measured the branching ratio for B — név to
be (0.42 &= 0.11stat = 0.03syst) X 1074,

@ We set an upper Limit at 90% to the branching ratio for
B — m'lv of 0.76 X 104,

@ Systematics uncertainties from hadronic tag are smaller
than in other B meson reconstruction techniques.

@ With better prediction of form factors for B — név, a
measurement of |Vs| would be feasible.

B — Ty
@ First experimental result on this decay.

@ The upper Limit B(B? = =~ 7Tv;) < 2.5 X 107% is
compatible with SM.
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Thank you !l
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Backup Slides
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Summary Systematics for B~ — n¢=p, in

percent.

Systematic B — nlv B — n'év
Continuum 0.47 3.9
Secondary leptons 0.03 0.0

Fake Leptons 0.47 1.8

b — ulv BF 0.50 2.4

b — clv BF 0.13 0.62

b — ulv FF 0.31 0.56

b — clv FF 1.1 0.23
Signal model 0.88 0.28

7ID 0.41 2.9

21D 2.1 1.6

70 eff 2.5 0.0

v eff 3.1 4.0

track eff 0.5 1.05
Btag eff 4.2 4.2

BF(n —) 0.5 1.7

total 6.4 8.3
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Summary Systematics for B° — w—7tv, in

percent.

C. Beleno

Systematic B — TV
Particle ID 2.4
Track efficiencys 0.7
N(BB) 1.4
K veto 3.2
Background BF 2.8
Tag side 4.6
Vb 2.8
Signal model 1.8
Rare processes 2.0
B — XyuTV 2.2
Background fit 0.2
total 8.3
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The Belle Detector

Belle Detector
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