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@ B° — 7~ 77v, has not been observed yet and no limit has been published
@ New physics models like 2HDM predict additional charged Higgs H™*
@ B(B — DWrv)/B(B — D™ (v) shows 3.95 deviation from SM prediction
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R(7) = 0.641(17) (iattice QCD, FNAL/MILC arXiv:1510.02349[hep-ph])
B(B — mTv) = 9.35(38) - 107°
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KEKB

Superconducting
cavities (HER:

Eeelle detector

o located at the KEK in Tsukuba, Japan

= e
@ asymmetric electron-positron collider (8 ~ ##  KEKBB-Factory
GeV electron, 3.5 GeV positron beam) : iy

@ center-of-mass energy of 10.58 GeV
(T(4S) resonance)

@ T(4S) decays almost exclusively into
BB pairs i

ARES copper
cavities (LER)

= TRISTAN
tunnel

@ BB boosted into the electron direction
to study CP violation
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Event Reconstruction
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Event Reconstruction
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Event Reconstruction
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Tagside Full Reconstruction

Tracks

@ hierarchical
reconstruction

@ based on NeuroBayes
(neural network)

@ 1104 hadronic decay
modes used (=~ 2%
of all B decays)

o efficiency of ~0.18%
(for BY)
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Continuum Suppression

Beam axis

e significant amount of continuum (ete™ — qg) background (3x larger
than BB)

@ can be suppressed because of different event shape compared to BB
events

o full reconstruction includes continuum suppression

@ continuous output variable from 0 to 1, where events closer to 1 are
less likely continuum events and have a higher reconstruction quality
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Signal Side

Properties

@ two opposite charged tracks, 2-3 v
@ 7 reconstruction modes: T — e, p, 7, p[rT7°] (= 71 %)

e B9 not fully reconstructed — missing momentum /energy
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Backgrounds

Most important backgrounds:
e B » vty
e BY — DM—yty,
o BY — D)7t
o BY - DH—pt
o D— K X
@ incorrect Bi,g reconstruction
Variables used for suppression:
® Pmiss = 2Pbeam — PB:.; — Pr — Pr-daughter
© Miss = Phiss

e K| veto (without energy deposition in the ECL)
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Boosted Decision Trees (BDTs)
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Best Cut Selection
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Discriminating Variable:

EecL : All energy in the ECL that is not associated with B,z or Bgig
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Fit of scaling factors

@ EgcL distribution used for the fit

@ For the fit all background Monte Carlo samples fixed except for
B® — X, and the signal sample

I Signal strength

0o Nuisance parameter
c T channel

b bin

s MC sample

n/v N observed/predicted
p Systematic

( ) HH Pois (ncb\vcb ,u,@)) 1;[ (9,,\9,,)

Likelihood

@ significance calculated using binned maximum likelihood

@ systematics included as nuisance parameters
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Fit Result
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systematic relative uncertainty [%] \
e ID 14
7 ID 1.6
7% ID 1.0
Track efficiency 0.7
N(BB) 1.4
K| veto 3.2
BG B 2.8
D™ ¢y model 0.5
Tagside 4.6
| Vbl 2.8
Rare MC 2.0
B — X, v 2.2
Background Fit 0.2
Signal model 1.8
total 8.3
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Conclusion and Outlook

Conclusion

o first published search for B — 7=7F v, (arXiv:1509.06521, accepted
by PRD)

o B® — 7= 7tu, is experimentally accessible

e obtained limit B(B® — 7~ 71;) < 2.5-10~% compatible with SM
prediction (9.35(38) - 107°)

Outlook

@ analysis with semileptonic tag is being worked on, combination of
both analyses possible

@ Belle Il will improve statistics and the decay will become observable

v
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7 Reconstruction Modes

All tracks are identified using the Belle Particle-ID systems ([0,1]) in the
following order:

Track identification

© Electron: pp > 400 MeV and Electron-ID > 0.9
@ Muon: pja, > 800 MeV and Muon-ID > 0.9
© Pion: Pion-Kaon-ID > 0.6

7 modes

@ 7 — e : 2 tracks identified as electron and pion
@ 7 — y : 2 tracks identified as electron and muon

@ 7 — p: 2 Tracks identified as pions and successful mass-vertex-fit
with an additional 7% (x? < 20)

@ 7 — 7 : 2 Tracks identified as pions and no successful mass-vertex-fit

v
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Momentum Distribution of 7 Daughter Particles
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Branching Fraction Calculation

_ Gr
M(B® = 77 7tu.) = —i—V,p[*H
( ) \6 b Iz

[F = UT’YM(]— - '75)‘71/
Hu = (x~|uu(1 = 15)BB)
2 2 2

mg — m2 m% — m?
= (q%) [2Pu + <1 - Bq2> qu} + fo(qz)BTqu

dB(B = wrvr)[dg® _ (¢* — m2)’ (1 N m)

dB(B — mlvy)/dg? (g2)? 2qg?
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Definition of used Variables

Variable Definition Description

[ Magnitude of the 3-momentum of the 7 daughter particle

| Pm] Magnitude of the 3-momentum of the B-meson daughter particle 7+
PB.is PB.i. = P + Pm 4-momentum sum of both charged tracks of the signal side
|PB.;. | Magnitude of the 3-momentum of pg,,

Eg,, Visible energy on the signal side

Pbeam Pbeam = %(pe* + Pe+) Beam momentum

Prmiss Pmiss = 2Pbeam — PBiay — PByis

M2 MZ =Pl Missing mass squared

Eniss Missing energy, first component of puiss

P(rv) P(rv) = Pr + Pu, = PB;, — Pm 4-momentum of the lepton pair

m(zw) Mass squared of the lepton pair

[Bru)| 3-momentum of the lepton pair

N0 Number of 7° candidates on the signal side

4-momentum combinations

i N - 2 (g — 5 )2
mg = (Ebcam - Em)2 - (pbcam - Pm)2 mis = (Emlss E,,-,) (Flmlss - Pm)
— _ 2 (E/ + Em)2 + (PI - Pm)2
ms = (Pheam — PI) ( )2
o = ~ o ms7 = —
mip = (Ebeam - Em)2 - (pbeam - Pm)2 + (Ebeam - E/)2 - (Pbeam - PI)2 57 EPb.eam pm
(Pbeam — Pm)? msg = %
mi1 = T 2 m
(Pbeam — P1) Erniss
m12 = (Emiss + E + Em)? — (|Prmiss| + |Bi] + [ Bm|)? Ms10 = Es..
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muon mode
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pion mode
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Correlation Matrix (signal)
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EvtGen used for ete™ — T(4S) and eTe™ — q§
continuum by PYTHIA
final state radiation by PHOTOS

semileptonic P — P decays with SLPOLE, needs form factors in pole
parametrization

@ GSIM based on GEANT 3.21
@ simulates interaction of generated particles with the detector

@ produces data files in real data format
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MSSM / 2HDM

e charged Higgs (H™) modifies the differential branching fraction by an

. . tan? 3 q°
additional factor: 1+ m2 . Tomy/m,
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Hadronic Full Reconstruction

B% modes B~ modes
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Hadronic Full Reconstruction Modes

DY modes Dt modes D] modes
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Distribution of 7 decays in the final selection

7~ decay Relative Occurence (%)

1) 29.54
e Delr 20.43
T Ur 16.70
W Velr 13.21
a Ur 8.72
other 2.4
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