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Measurements of rare decays of hadrons containing the heavy b quark are sensitive to 
new hypothetical particles.
B! → #$ +Ks is a rare decay which could receive contributions from BSM particles.
B& → #$ +K' (already measured at Y(4S),with 245 events found) is another such decay, 
we use it as a control channel. 

Feynman diagrams describing this decay include: 
An unusual penguin for 

gluonic content of η$

Clean final state : (four charged pions and two photons)
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Motivation

*J. Schumann, et al.(Belle Collab.), Phys. Rev. Lett. 97 061802(2006)
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The Belle Detector

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-1 at Y(5S), with !"#(∗)"#(∗) = 6.53 ∗ 10.

Tracking : SVD+CDC
Particle Identification: CDC+ACC+TOF+KLM

Calorimetry: CsI(Tl) crystals
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Selection Criteria and Best Candidate Selection

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

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

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 CsI (for electrons) and KLM (for muons and KL).

B& → (" +Ks

*+π- η γγ

*+π-

16% of signal MC events have more than one candidate: we select
the candidate with smallest χ/ according to the vertex for charged
pions and ηmass constraints for daughter particles of  η"
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The most important signal variables 

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:

"#$ = &#'()* − ,-!*

The energy difference is 
the difference between 
the energy of the beam 
and the B! meson:
Δ& = &-! − &#'()

Signal source and
MC Y(5S)decay ratio:
/!∗/!∗ 0.0895
B!/!∗, /!∗B! 0.00375*2
B!B! 0.0025

/!∗/!∗

B!/!∗
/!∗B!

B!B!



Mass constraint is applied to !
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η’ invariant mass(GeV/c^2) DeltaE(GeV) 

Before !
mass constraint

After !
mass constraint

After !
mass constraint

Before !
mass constraint
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Background Suppression

Diagrams showing the topological differences between 

continuum background (left) and signal B (right) events

The primary source of 

background for charmless 

hadronic decays, such as B! →
η$ +Ks, is continuum 

background events from light 

quark pair production 

(e⁺e⁻ → q'q where q = u, d, s, 

c). 

The light quarks in continuum 

events have large momenta, 

causing these events to have a 

“jet-like” shape, while B!B!
events are distributed 

isotropically. 
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Background Suppression
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Separation between signal and background 
obtained using event shape variables with a tool 

RooKSFW.

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 =
%&

%&'%( where Ps is the probability of the event being a signal 
event and Pb is the probability of the event being a 
background event. 

Number of background events: 21364
10% pass the LKR cut

Number of signal events: 20873
82% pass the LKR cut

Cut for background 
suppression 
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DeltaE VS Mbc distribution for MC background before and after likelihood ratio cut

Continuum MC background equivalent to three times the
data before likelihood ratio cut 
B-decay are not an important source of background

Continuum MC background equivalent to three times the 
data after a cut on likelihood ratio>0.6

The 3 red boxes outline the signal regions 
which contain ~90% of signal events.
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3D Fitting

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. 

Signal Fitting 
Function

Background 
Fitting Function

!"# Crystal Ball
Three 

Gaussians for 
three signal 

regions

ARGUS

ΔE Gaussian
Crystal Ball

Chebychev 2nd

order

!$% Chebychev 1st

order
Crystal Ball

Chebychev 1st

order
Crystal Ball
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3D Fitting PDF

Signal PDF Background PDF

PDF shape parameters 
are obtained from 
extended unbinned ML 
fitting using RooFit

Continuum 
background MC 
equivalent to 
3 times the data is 
used for fitting
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Projections of 3D fits for Y(5S) MC and Y(4S) data

Y(5S)
MC

(signal
search)

Y(4S)
data
(control
channel)
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There is a wide range of theoretical predictions (0.72~4.5 ∗ 10*+) for 
B, → η/ +K1 branching fraction. In our estimates, to calculate the 
expected number of signal events, we assume the value of 4 ∗ 10*+
(thus 2 ∗ 10*+ for Ks)

Theoretical Predictions for B, → 2/ + Ks Branching Fraction

* H. Cheng, C.Chiang, A.Kuo ,Phys. Rev. D 91, 014011 (2015)
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Some Estimates for B! → #$ + Ks

(The expected number of background events in grand sideband region:520)
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Conclusions and Future Work

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

2. In SM, expect 1 signal event and 9 background events in signal region in Belle I data
3. Signal yield depends on QCD calculation.
4. A significant signal in Belle I would be indication of BSM physics or that QCD 

calculation improvement are needed.
5. If there is no BSM contribution, and current QCD calculations are correct, we will 

need Belle II data to see this mode.

Conclusions:

Future Work

1. B( → η$ +Ks is being utilized as a control channel using Y(4S) data.
2. Ensemble test is being implemented.


