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D Motivation

D

Measurements of rare decays of hadrons containing the heavy b quark are sensitive to

new hypothetical particles.
B, & N + Ks is a rare decay which could receive contributions from BSM particles.

By — N + K (already measured at Y(4S),with 245 events found) is another such decay,
we use it as a control channel. *). Schumann, et al.(Belle Collab.), Phys. Rev. Lett. 97 061802(2006)

An unusual penguin for

Feynman diagrams describing this decay include: gluonic content of 1y
_ _ W o
b — —l gluons l
) - _
B, d d
) B, ) .
d " LY, d K. 5 W K,
S > S S > S S > S

Clean final state : Bs R 577, R T[+T[_T[+7T_}/}/ (four charged pions and two photons)
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K2K
Beam Line

Positrons

Photon
Factory

e 1.7 GeV

Located in KEK, Tsukuba, Japan

KEKB was an asymmetric-energy e*e” collider 3.5GeV/8.0GeV

Collected data between 2000 and 2010

Collected 121.4 fb* at Y(5S), with N_ ;=7 = 6.53 * 10°
BS BS
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The Belle Detector

" S Belle Detector
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Ks -

Si vtx. det.

u /K, detection
3/4 lyr. DSSD

14/15 lyr. RPC+Fe

Tracking : SVD+CDC
Particle Identification: CDC+ACC+TOF+KLM
Calorimetry: Csl(Tl) crystals
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Selection Criteria and Best Candidate Selection

Selection Criteria for B » ' + K

Particle

K,

Criteria

K candidates are identified via a
secondary (i.e. displaced) vertex.

To improve mass resolution, a kinematic
fit is performed to the vertex.

E > 50 MeV in barrel (31<6<129)
E> 100 MeV in endcap

B »>n +
S I\i KS\T[-'-T[_
Tt n-
> yy

-+

dr<0.2cm

|dz| <4 cm

pr= 0.1GeV/c
K_id.prob < 0.4
Elec_id.prob < 0.95

16% of signal MC events have more than one candidate: we select
the candidate with smallest x? according to the vertex for charged
pions and 1 mass constraints for daughter particles of 1/

Note that we do NOT use 11 for best candidate selection: this leaves
it available for multidimensional fitting along with Mbc and AE.

Candidates identification
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Mbc > 5.4 GeV/c?

—0.4 GeV<AE< 0.3 GeV

0 is the angle of the particle with respect to the beam axis.

dr and dz are impact parameters for the point of reconstructed
track’s closest approach to the beam axis in the radial and
beam axis directions, respectively

_id.prob is the consistency with a particular particle hypothesis using
likelihood-based PID variable with information from CDC, ACC and TOF,
and also Csl (for electrons) and KLM (for muons and Kj).
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The beam constrained

mass is the mass of the
B; meson calculated by
replacing the energy of
the B, meson with that
of the beam:

MbC = \/Elgeam _ Plgs

The energy difference is
the difference between
the energy of the beam
and the B; meson:

AE = Egs — Epeam

Signal source and
MC Y(5S)decay ratio:

B;B; 0.0895
BB, B{ B 0.00375*2
B, B, 0.0025
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The most important signal variables
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Background Suppression

The primary source of

® background for charmless
hadronic decays, such as B; =
. . N +Ks, is continuum
/ K background events from light
q qguark pair production

(e*fe” > qqwhereqg=u,d,s,

p 2-jet like Spherical ).

continuum / B decays
Y . p(q) ~ 5 GeVic s p(B) =0.3 GeV/c The light quarks in continuum

events have large momenta,
causing these events to have a
“jet-like” shape, while BgBq
events are distributed

Diagrams showing the topological differences between _ _
isotropically.

continuum background (left) and signal B (right) events
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Background Suppression
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Separation between signal and background
obtained using event shape variables with a tool
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RooKSFW.

Likelihood Ratio for Signal and Background Events

4]

= LKR '

§ Entries 20873 Number of signal events: 20873
i’ Mean 0.806 82% pass the LKR cut

53000| pyis 0.2575

o C

o L

E L

}:’2500 —

Number of background events: 21364
10% pass the LKR cut
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We use RooKSFW to optimize coefficients of a Fischer
discriminant using the 18 KSFW moments (event shape

variables). Then we create a likelihood ratio defined as LKR =
Ps

Ps+Pb
event and Pb is the probability of the event being a

background event.

00 0.2

where Ps is the probability of the event being a signal
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The 3 red boxes outline the signal regions

which contain ~90% of signal events.
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decay are not an important source of background
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3D Fitting
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We use an extended
unbinned maximum
likelihood fitting approach
implemented in RooFit. We
describe signal and
background PDFs as
products of one dimensional
PDFs (i.e. we assume PDF
factorization) because
correlations have been
found to be small.
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A RooPlot of "de"

3D Fitting PDF
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D Theoretical Predictions for B, — 1’ 4+ Kg Branching Fraction

BELLE

UPDATING B - PP,VP DECAYS IN THE ... PHYSICAL REVIEW D 91, 014011 (2015)

TABLE VIII.  Predicted results for the B decays based on scheme D. QCDF predictions are taken from Ref. [32], pQCD predictions
are taken from Ref. [33], and SCET predictions are taken from Ref. [26]. Branching fractions are quoted in units of 1075

Observable Data This work QCDF pQCD SCET
BF(r*K™)  54%0.6 5.86+0.78 5300 76733 +0.7+0.5 49+1.2+1.3+0.3
BF(2°K°) 2.25+0.33 e 0.1670 02 0 s 0.7640.26+0.27+0.17
BF(nK°) 0.97£0.16  0.757)35705) 0.1170 0159 +0.01 0.80+0.48+0.29+0.18
BF(K°) 3.9440.39 DRty 0.727 0 1 ot 4.5+1.5+0.4+0.5
BF(K*K™) 245+18 17904298 25205751 13.61377 27 18.246.7+1.14+0.5
BF(K"K®) <66 17484236  26.1737°44 15653950 17.74£6.6+0.5+0.6

There is a wide range of theoretical predictions (0.72~4.5 * 107°) for
B; = 1’ + K, branching fraction. In our estimates, to calculate the
expected number of signal events, we assume the value of 4 * 107°
(thus 2 * 107° for Ks)

5/7/2018 Pheno 2018 13



D Some Estimates for B, - 1’ + Kg

D

BELLE
Nsi
g
B(B, - K.n") S —
Bg*)Bs(*) BS(*)BS(*) daughters
N .—==6.53*10°
88" Nsignal events expected
Bdaughters = B(n’ - 7]7T+7l'_) . B(KS - T[+7I'_) . B(n - yy) = 2%6.53 % 106 * 2 % 10_6 *0.68 x0.43 % 0.39 «0.307 * 0.82

=0.75
B(n' »nn*n~) =043

B(K, »n*n~) = 0.68 N
background events expected in the signal region

B(n —yy) =039
=9

EBS(*)BS) =€(B; » K;n' » ntn~n*n~yy)=20873/67992=0.307

(The expected number of background events in grand sideband region:520)
Esignal events passing LKR cut = 0.82

where Np.p. is the number of BIB? pairs, the factor of 2 is from the two B} mesons in
each pair, €p. . is our reconstruction efficiency, and Byyghters is the product of the relevant

branching fractions:
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D Conclusions and Future Work

B

BELLE

Conclusions:

1.

w

We search for rare decay B; — 1 + Ks which is sensitive to contributions from new
heavy particles / new physics through the interference with penguin amplitude.

In SM, expect 1 signal event and 9 background events in signal region in Belle | data
Signal yield depends on QCD calculation.

A significant signal in Belle | would be indication of BSM physics or that QCD
calculation improvement are needed.

If there is no BSM contribution, and current QCD calculations are correct, we will
need Belle Il data to see this mode.

Future Work

1
2.

B, = N’ + Ks is being utilized as a control channel using Y(4S) data.
Ensemble test is being implemented.
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