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Outline

• To investigate the potential gains in physics 
reach from improved PID provided by a 
cluster counting technique

• Using an existing analysis with heavy 
dependence on PID

• Parametrize the effect of cluster counting 
on the PID, without worrying about details
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The Analysis

• Existing BaBar analysis of

• Uses semi-leptonic recoil technique

• 10.1103/PhysRevD.82.112002

B ! K⌫⌫̄
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Why This Analysis?

• Even with standard model, arrives only with 
loops

• Many new physics models would greatly 
enhance the branching fraction by putting 
new particles in the loops

• Has already been done in FastSim for fPID
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The decays B → Kνν arise from flavor-changing neu-
tral currents (FCNC), which are forbidden at tree level
in the Standard Model (SM). The lowest-order SM pro-
cesses contributing to these decays are the W box and
the Z penguin diagrams shown in Fig. 1. New physics
contributions may enter at the same order as the SM.
These contributions, some of which could increase the
branching fraction by up to ten times relative to the SM,
include: unparticle models [1], Minimal Supersymmet-
ric extension of the Standard Model at large tanβ [2],
models with a single universal extra dimension [3], scalar
Weakly Interacting Massive Particle (WIMP) dark mat-
ter [4] and WIMP-less dark matter [5]. A recent SM
prediction (ABSW model [6]) for the total B → Kνν
branching fraction is (4.5 ± 0.7) × 10−6, while an ear-
lier prediction (BHI model [7]), based on a different form
factor model, is (3.8+1.2

−0.6) × 10−6. The BHI model was
used by previous analyses [8, 9] and provides a baseline
for comparison between results. The current experimen-
tal upper limit (UL) on the total branching fraction for
B+ → K+νν (charge conjugation is implied throughout)
is 1.4× 10−5 at the 90% confidence level (CL) from the
Belle Collaboration [8], while an earlier BABAR analysis
set an UL of 5.2× 10−5 (90% CL) [9]. The only existing
UL on the total branching fraction for B0 → K0νν is
1.6× 10−4 (90% CL) from Belle [8].

We report results of a search for B+ → K+νν and
B0 → K0νν, with branching fractions for both decays
as well as for the combination B → Kνν. We also re-
port on partial branching fractions for B+ → K+νν in
two regions of di-neutrino invariant mass squared (q2).
The low-q2 region (q2 < 0.4m2

B) is selected by requiring
p∗K+ > 1.5GeV/c and the high-q2 region (q2 > 0.4m2

B)
by p∗K+ < 1.5GeV/c in the Υ (4S) center-of-mass system
(CMS) [10], where mB is the mass of the B meson and
p∗K+ is the magnitude of the CMS 3-momentum of the
signal K+ candidate. The high-q2 region is of theoreti-
cal interest because the partial branching fraction in this
region could be enhanced under some new physics mod-
els [6].

This analysis is based on a data sample of (459.0 ±
5.1) × 106 BB pairs, corresponding to an integrated lu-
minosity of ∼ 418 fb−1 of e+e− colliding-beam data and
recorded at the Υ (4S) resonance with the BABAR detec-
tor [11] at the SLAC PEP-II asymmetric-energy B Fac-

FIG. 1: Lowest-order Feynman diagrams for B → Kνν, with
the W box on the left and Z penguin on the right.

tory. Charged particle tracking is provided by a five-layer
silicon vertex tracker and a 40-layer drift chamber in a 1.5
T magnetic field. A CsI(Tl) electromagnetic calorimeter
(EMC) is used to measure photon energies and directions
and to identify electrons. All quantities in this paper
which are measured by the EMC are required to exceed a
minimum 20 MeV cluster energy, unless a higher thresh-
old is explicitly noted. The magnetic flux return from
the solenoid, instrumented with resistive plate chambers
and limited streamer tubes (IFR), provides muon identi-
fication. We identify K+ candidates by using a detector
of internally reflected Cherenkov light (DIRC) as well as
ionization energy loss information from the tracking sys-
tem.

Due to the presence of two neutrinos in the B → Kνν
final state, it is not possible to exploit the kinematic
constraints on the B mass and energy which are typi-
cally used to distinguish signal and background events
in B meson decays at the Υ (4S). Instead, before look-
ing for the signal decay, we first reconstruct a B decay
(Brec) in one of several exclusiveD(∗)lν semileptonic final
states. We then search for the signal B → Kνν among
the remaining charged and neutral particles in the de-
tector that are not part of the Brec. We collectively re-
fer to these remaining particles as Broe for “rest of the
event.” This strategy is common to several BABAR anal-
yses [12, 13] and has the advantage of higher efficiency
compared with reconstruction of the Brec in hadronic de-
cay modes [9].

We reconstruct the D candidates in the following de-
cay modes: K−π+, K−π+π+, K−π+π+π−, K−π+π0,
K0

S
π+, and K0

S
π+π−. The K0

S
candidates, reconstructed

in the K0
S
→ π+π− mode, are required to have a π+π−

invariant mass within 25MeV/c2 of the nominalK0
S
mass.

D candidates are similarly required to have a recon-
structed invariant mass within 60MeV/c2 of the nominal
value [14], except for the K−π+π0 mode where the range
is 100MeV/c2. We form D∗0 → D0π0, D∗+ → D0π+,
and D∗+ → D+π0candidates with a required mass dif-
ference (m(D∗) − m(D)) in the range 130-170 MeV/c2.
In addition, we combine D and γ candidates to form D∗

candidates with a required mass difference in the range
120-170 MeV/c2. A D(∗) candidate is combined with
an identified electron or muon with momentum above
0.8 GeV/c in the CMS to form a Brec candidate. In
events with multiple reconstructed Brec candidates, we
select the candidate with the highest probability that the
daughter tracks originate from a common vertex. After a
Brec candidate has been identified, the remaining charged
and neutral decay products are used to classify the Broe

as either a background event or a possible signal candi-
date.

As a first step in refining the selection of Broe can-
didates, we veto K candidates which, when combined
with a remaining charged or neutral pion candidate,
have a Kπ invariant mass within 75MeV/c2 of the nom-
inal K∗(892) mass. We also veto events where a re-
maining charged track can be combined with a π0 can-
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Semi-Leptonic Recoil

BB

D(⇤)l⌫

⌥(4S)

K(s)⌫⌫̄

⇡⇡K(s)⇡,K(s)⇡⇡,K⇡⇡⇡

Recoil, fully reconstructed Rest of the event
⇡⇡
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Missing Energy and 
Eextra

Signal and background have large 
amounts of missing energy, signal 

from neutrinos, background 
from missing particles.

Signal has very little 
extra detector 

activity, background 
has lots.
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Resulting Measurement
B =

N
obs

�N
bkg

✏N
B

Signal Efficiency
Number of B mesons

Reference paper claims at 
90% confidence:

B0 ! K0⌫⌫̄

B+ ! K+⌫⌫̄
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FIG. 2: (a) K+ and (b) K0 BDT output for data (diamonds), background MC (solid), and signal MC (dotted) events. For
each plot, the scale for the data and background events is on the left axis, and the scale for the signal events is on the right
axis. The distribution of signal MC events is normalized to unit area.

as a set of correlated estimators for the numbers of signal
and background events in a signal region defined by the
target signal efficiency.

The low-q2 (high-q2) measurement uses the K+ en-
semble but only includes events with p∗K+ > 1.5GeV/c
(p∗K+ < 1.5GeV/c), which means that only those events
are used to calculate the signal efficiency and the back-
ground prediction. The low-q2 measurement has the
same BDT output cuts and background prediction as the
primaryK+ measurement, with only the signal efficiency
changed by the restriction on p∗K+ . On the other hand,
the high-q2 measurement has its own set of BDT output
cuts based upon its own optimized signal efficiency, along
with its own background prediction.

The total optimized signal efficiency for the K+ (K0)
mode is 0.16% (0.06%), while the efficiency for the K+

low-q2 (high-q2) region is 0.24% (0.28%). The uncer-
tainty in the signal efficiency is discussed below. Figure
3 shows the BDT selection efficiency versus p∗K for the
K+,K0, and high-q2 measurements, where the BDT se-
lection efficiency considers only the effect of the BDT
output cut.

To measure the branching fractions, we use the value
obtained from simulated events of the predicted back-
ground in the signal region, the number of observed data
events, and the signal efficiency, as shown by the fol-
lowing equation: B = (Nobs − Nbkg)/εNB, where B is
the branching fraction, Nobs is the number of observed
data events, Nbkg is the number of predicted background
events, ε is the total signal efficiency, and NB is the num-
ber of B mesons, either charged or neutral [20], that
are relevant to the branching fraction. We account for
the 50% correlation between each of the datasets when
computing the statistical uncertainty of the estimated

background contribution by using a standard method for
combining correlated uncertainties [19].

Data control samples are used to ensure that both
signal-like and background-like events in actual data are
classified similarly to simulated events. The vetoed a+1
events offer a high-statistics control sample which can
be used to compare the K+ and K0 BDT output dis-
tributions for background events in both simulated and
actual data. We find good agreement between data and
MC events in the BDT output distribution for both final
states, with only a (+5± 2)% data-MC discrepancy. For
theK+ mode we make a +5% adjustment to the expected
number of background events, based upon a weighting
technique that corrects data-MC discrepancy in the side-
band K+ BDT output next to the signal region, and we
assign the full adjustment as a systematic uncertainty.
Likewise, for the high-q2 K+ measurement, we make a
+25% correction to the expected number of background
events and assign the full correction as a systematic un-
certainty. In the K0

S
final state, we find a (+10 ± 3)%

data-MC discrepancy in the sideband BDT output next
to the signal region, and we make a +10% correction and
assign the full correction as a systematic uncertainty.

To validate our signal efficiency estimates and assess
their systematic uncertainties, we use high-purity sam-
ples of B+ → K+J/ψ(→ #+#−) decays (where #+#− =
e+e−, µ+µ−). The two leptons from the J/ψ are dis-
carded in order to model the unseen neutrinos of the
signal decay, and then the events are subjected to the
same selection requirements as other signal candidates.
Classifying J/ψK data and MC events, we find only
a (−10 ± 10)% data-MC discrepancy in the BDT out-
put distribution. Although we do not make any cor-
rection, we assign a 10% systematic uncertainty to the

B < 5.6⇥ 10�5

B < 1.3⇥ 10�5
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How can Clusters 
Help?

• Calculate the required luminosity to obtain 
the same constraint with and without 
cluster counting.

• See how much running time (and thus cost) 
is saved for the same precision.

• Alternatively, for the same luminosity, see 
how much better is the constraint.

8Tuesday, 13 September, 11



Parametrized Cluster 
Counting

PacTrk/Dch_SuperB_Measures.xml:
<device name="DchdEdx" type="dEdx"
    HitType="3"
    trunc_frac="0.7"
    dedx_par1="0.00154"
    dedx_par2="1"
    dedx_par3="-0.34" />

In FastSim, dE/dx measurement for each DCH 
hit is drawn from a normal distribution with 
mean given by the Bethe formula. 

Fraction kept for truncated mean, but not actually necessary.
p1

p2

p3

µ =


dE

dx

�

Path length

Play with these numbers

� =
p1

1.622⇥ 10�3


dE

dx

�p2

L

p3
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From SuperB Wiki
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Progress So Far

• FastSim is difficult to use, the FastSim 
tutorial tomorrow should help

• Can generate signal events following a 
tutorial on the SuperB wiki (and fixed many 
parts of that tutorial!)

• This talk should generate some advice and 
feedback from experts
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