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The B, Meson I

e The B, meson is a bound state of the b and the ¢ quark.

e The B, Mass is predicted to be 6.27 & 0.02 GeV/c?
E. Eichten et. al., PR D49, 5845(1994)

e The B, lifetime is predicted to be between 0.4 and 1.4
PS. M. Beneke et. al., PR D53, 4991(1996)

e The B, is a quarkonium system intermediate between

J/1 and the T families.

e Two heavy quarks; Reliable calculations

— Spectroscopy
— Weak Decays



Theoretical Calculations of B. Production
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Mass Spectrum of bc Bound States I

by E.J. Eichten and C. Quigg, PRD 49(1994) 5485.

« Nonrelativistic QCD potential models
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Theoretical Calculations of B, Lifetime I

e The B, meson decays only through weak interactions.
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(c) bc weak annihilation

e The B, lifetime depends on the model assumption of bound state
effect.

— Loosely bound
Tt ~ [y + T ~ T(BY) + T(DY)
7(B.) ~ 0.3 ps
— Tightly bound

Free quark I'g mQ — Ty o< (mg — {iBE)°

/
Relative reduction g —7 and % ~ %

7(B.) ~ 1.4 ps

The B, lifetime is predicted in a wide range:
0.4 ps < 7(B,) < 1.4 ps



Previous B, Meson Searches I

LEP and CDF experiments have searched for B, mesons in the modes
including J/4:
o LEP searches:
Bf — J/ynt, Bf — J/Yvl{tv, Bf — J/YynTr xt, Bf —
J/baf
e CDF search:
Bf — J/ymt

The B, meson has not been observed yet.

o, B(B,” — Decay Mode)
O'BUB(B; — J/¢K+)

Upper limits on the ratio

Experiment | Decay Mode Upper Limits
ALEPH Bf — J/ym ™ 0.2 (90% CL)

Bf — J/yltv 0.3 (90% CL)
DELPHI Bf — J/ym ™ 0.9 to 0.7 (90% CL)

Bf — J/yltv 0.5 to 0.4 (90% CL)

Bf — J/yntnwt 1.5 (90% CL)
OPAL Bf — J/ym ™ 0.6 (90% CL)

B — J/vaf 0.3 (90% CL)

Bf — J/yltv 0.4 (90% CL)
CDF Bf — J/ym ™ 0.15 to 0.04 (95% CL)




B, — J/vy7 Search

110pb~" of Data, CDF Preliminary
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Search for B, — J/¢¥¢X at CDF I

J/W+e*

Primary Vertex & -

e Select a J/1p — ptp~ and a third lepton (e or u)

e Signature: three leptons form a common displaced ver-
tex

e Large branching ratio: B(Bf — J/yftX)~ 3~15 B(B} — J/yrT)



B, — J/v¢eX Signal and Candidate Events I



CDF Trigger I

Trigger System
Trigger Description Rate
Level I Uses Detector Subsystems 2000 Hz
like p Chambers, Calorimetry, ...
Level II Uses Combined Subsystems 30 Hz
like g Chambers + Tracking, ...
Level III Full Event Reconstruction 10 Hz

e Single Lepton Trigger (e or u)
—pr(£) > 9.0 GeV/c
e Dilepton Trigger

—pp: pr(p) > 2.0 GeV/c
—eu:  pr(p) > 2.5 GeV/c and Ep(e) > 5.0 GeV/c?



J/Y — putpu~ Selection I

e Dimuon trigger with pp(u) > 2 GeV/ec.

CDF Preliminary
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o Select events in the J/¢ mass window |m(putp~) —
m(J /)| < 50 MeV/c?.
« We find 196,000 £ 500 J/¢) — u*u~ events.



Mass Distribution of B — J/¢Y K

Candidate Events

CDF Preliminary
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e We find 290 4 19 events.

e This sample is used for the normalization of

— the BB background estimation and
— the measurement of ¢ BR(B, — J/y/fv).



J/¢¥ + lepton Selection I

« We reconstruct a common vertex of 3 leptons.

« We form an invariant mass of the J/4 + £ and calculate
T(J/¢€) L
pr (J/90) [

“pseudo-proper decay length® z =
« B, signal region:

4 < m(J/ypf) < 6 GeV/c? with > 60 pm.



Third lepton Selection I

e Electron Identification

— Pr >2GeV/c

-07< E/P <15

— Had/EM < 0.1

— dE/dX cut: (Qere - Qle))/o > —1

— Preradiater chamber cut: CPR > 4 mips

— Shower max chamber cut: profile and position

— conversioon electron rejected

¢ Muon Identification

— Pr >3 GGV/C

— track segment both in Central MUon chamber(CMU) and Cen-
tral Muon UPgrade chamber (CMP)

— track match between the muon chamber and the central tracking
chamber



J /¢ Mass Distribution for the B. Signal I

M(B.) = 6.27 GeV/c?

Number of events
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J/v¢ + Track Mass Distribution:

the Electron Fiducial Region

CDF Preliminary
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J/v¢ + Track Mass Distribution:

the Muon Fiducial Region

CDF Preliminary
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Background Estimates



Backgrounds to the B, — J/¢eX search I

e Fake Electron Background

— Fake rate is estimated using CDF jet event sample.

— The events in the J /v + track sample are weighted by this fake
rate.

— The fake electron background is 2.6 + 0.05 + 0.3 events.

¢ Residual Conversions Background

— Assuming the track in the J/v + track sample are 7°

ulate J /v + 70 events.
— Calculate N ,=N(residual)/N(rejected) using the simulation.

— Multiply N, by the the number of J/1+ conversions rejected
in data to get the residual conversion background.

, We sim-

— The residual conversion backgroundis 1.2 + 0.8 + 0.4 events.

e BB Background

— BB background is estimated using Monte Carlo simulation.

— BB background is 1.2 + 0.5 events.



Background Due to Charged Hadrons that may

Fake an Electron

e Electrons are identified using Soft Lepton Tagging (SLT') algorithm.

fake rate (P, I) =

# of tagged tracks in JET?20

# of tracks passing the fiducial cuts

x (1= fe(1), (1)

where JET20 means a jet events sample with a trigger jet Er above

20 GeV, I means track isolation, and f. is a fraction of true electrons.

e The sources of real electron are heavy flavour decay, Dalitz decay

and conversions.

f, from dE/dx

f. from heavy flavor + residual conversion

JET20

(73+3)%

(74 £ 2) %

(31+£1)%

(42+2)%




dE/dx plots for Tracks in the J/¢ + track sample I

CDF Preliminary
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Probability for a Charged Hadron to Fake an

Electron

CDF Preliminary
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e Fake rates in the jet sample and the minimum bias sample are
consistent with each other. The difference of 10% is assigned to the
systematic uncertainty on the fake rate.



Residual Conversion Background I

e Take J/v + track sample from data.
o Assume that the track is a 7°.

e Simulate the event in the CDF full simulation program.
e Use each event 100 time by random ¢ rotation.

e Calculate N,=N(residual)/N(rejected) using the simulation.

e Multiply N, by the the number of J/¢¥+ conversions rejected in
data to get the conversion background.



Residual Conversion Background

CDF Preliminary
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BB Background for B, — J/vyeX I

e Generate BB events.

e Decay one B to J/v + X.

e Let the other B decay naturally.

e Detector Simulation with the CDF full simulation program.
e Require the Dimuon Trigger.

e The Monte Carlo data is normalized to actual data by:

_ NJ/¢K(Data)
Njpx(MC)

where,
Njyk(Data) = number of B, — J/¢ K events in data
Njpg(MC) = number of B, — J/9 K events in MC

BB Background for Run la and Run 1b in the mass region 4-6 GeV is
1.2 £+ 0.5 Events



Mass Distribution for Background to

B, —J/Yp+e+ X

CDF Preliminary
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Backgrounds to the B, — J/¢uX search I

e Decay In Flight Background
— The Decay in Flight background is estimated using the J/¢ +
track sample from data.

— The events in J/1¢ + track sample are weighted by the proba-
bility for the track to be identified as a muon due to decay in
flight, accounting for K /7 ratio measured with dE/dX.

— The decay in flight background is 5.5 + 0.5 + 1.3 events.

e Punch-Through Background
— The Punch-through background is estimated using the J/¢ +
track sample from data.

— The events in J/¢ + track sample are weighted by the prob-
ability for the third track to be identified as a muon due to
punch-through.

— The punch-through background is 0.88 4 0.13 4+ 0.33 events.

e BB Background

— BB background is estimated using Monte Carlo simulation.

— BB background is 0.7 + 0.3 events.



Decay in Flight Background I

e The Decay in Flight background is estimated from the the J/¢ +
track sample from data.

e The events in J/1 + track sample are weighted by the probability
for the track to be identified as a muon due to decay in flight.

e The decay in flight background is 5.5 + 0.5 + 1.3 events.



Decay in Flight Background from B’s I

e Generate B’s and force the Decay B — J/v + X.
e Simulate event using the CDF full simulation program.

e Force K'’s or m’s decay before they reach the CDF central muon
chamber.

e Require the dimuon trigger.

ct* cut| Run la Run 1b |Run 1a + Run 1b
60pm |0.794+0.23 | 3.87+£1.12 4.66+1.14
85um |0.794+0.23 | 3.74+1.08 4.53+1.10
100pm | 0.79+0.23 | 3.534+1.02 4.32+1.05




Probability of a K or a 7 to be Identified as

a muon due to Decay in flight.

CDF Preliminary
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Punch-through Background to B. — J/¢¥ + u+ X. I

e The Punch-through background is estimated from the the J/¢ +
track sample from data.

e The events in J/1 + track sample are weighted by the probability
for the third track to be identified as a muon due to punch-through.

e The punch-through background is 0.88 4+ 0.13 4+ 0.33 events.



BB Background for B, — J/yuX I

e Generate BB events.

e Decay one B to J/v + X.

e Let the other B decay naturally.

e Detector Simulation with the CDF full simulation program.
e Require the Dimuon Trigger.

e The Monte Carlo data is normalized to actual data by:

_ NJ/¢K(Data)
Njpx(MC)

where,
Njyk(Data) = number of B, — J/¢ K events in data
Njpg(MC) = number of B, — J/9 K events in MC

BB Background for Run la and Run 1b in the mass region 4-6 GeV is
0.7 + 0.3 Events



Mass Distribution for Background to

CDF Preliminary

, (@ M uon Punch-Through Background

I N

(b) M uon Decay-I n-Flight Background

Events

(c) M uon Background from BB

e e
0 4 5 6 7 8 9 10 11
M (Jhy+track) (Gev/c?)



Test of the Background Estimates

CDF Preliminary
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o We use events with same-charge di-lepton, a trigger lepton and a tagged
lepton.

e Both leptons were required to come from a displaced vertex and be within
the same jet cone.

e This event sample is a background-rich sample, so good for the test of the
background estimation.

This background-rich sample can be explained by our background esti-
mates quantitatively.



Pr of J/v + Lepton System for Calculated Signal,

Background and Candidates Events

CDF Preliminary
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B, Signal and Background Summary I

CDF Preliminary

4.0 < M(J£) < 6.0 GeV/c?

J /1 p results

Total False Muons 6.4+£05+£1.3
Punch-through 0.88 £+ 0.13 £ 0.33
Decay-in-flight 550 £0.5£1.3

BB bkg. 0.7+ 0.3

Total Background 7.1+£1.5

Events observed in data 12

Net Signal 4.9
Combined 18.9

P ounting(Null) 2.1 x 107° 0.084




Statistical Significance from Mass Shape
Analysis

Using a likelihood method, we fit the observed mass distri-
bution (3.35 < m(J/¢f) < 11.0 GeV/c?).

e [t allows constraints such as the expected fraction of the
two decay channels.

e Number of B, events is the only unconstrained parame-
ter. Other parameters are in the fit are constrained by
their uncertainities.

e Number of B, events returned by the fit: N(B,) =
20.479:2.

e A test of the null hypothesis, i.e., an attempt to fit the
data with background alone, is rejected at the level of
4.8 standard deviations.



Binned Likelihood Fit:
e and p Individual Results

CDF Preliminary
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Binned Likelihood Fit:
e and y Combined Results

CDF Preliminary
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10

CDF Preliminary

Mass Distributions of Calculated Signal,
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Likelihood Fit I

CDF Preliminary
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Likelihood Analisys: The Null
Hypothesis.

e To evaluate the probability that there is no B, signal
and that a statistical fluctuation in the background can
explain the apparent excess in the data, we made pseudo-
experiments without any B, contribution.

CDF Preliminary
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Pseudo-Experiment ( Toy Monte Carlo ) I

e For each background,

— we allow the number of backgrounds to fluctuate ac-
cording to Poisson statistics with the estimated num-
ber of background and its uncertainty, and obtain it

to be N.
— Then we generate N background events according to
the J/1¢ mass distribution for this background.

e Summing up all background events,

— we have the J/4{ mass distribution for a new sample
of background events which is equivalent to a CDF
experiment with no B, content.

— we call this sample a pseudo-experiment data.
e We perform the same likelihood fit to this sample as to

the CDF real experiment, and obtain a fitted number of
B, events.

e Repeating the above precedure, we obtain the distribu-
tion of the fitted number of B, events.



Toy Monte Carlo of the CDF

Experiment.

CDF Preliminary
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The J/1¢ mass shape of the CDF data is consistent with the expec-
tation from the B, signal and the background at 5.9% C.L..



Likelihood Fit Results I

CDF Preliminary

Input Constraint

(Results of Fit)

J /1 e results J /1 p results
False Electrons N'fe =42+04
(n'fe = 4.2+ 0.4)
Found Conversions N'ee =2
(n'e = 2.2+ 1.4)
Conversion ratio R =1.06£0.36

(re¢ =1.08 4+ 0.35
Unfound Conversions 2.1+ 1.7

(2.4 4+ 1.7)
False Muons N'TE =114+24
(n'/* =9.2 £2.3)
BB bkg. N'Be =23409 N'BF=14440.25
(n'Pe =2.640.9) (n'P* =1.4240.25)
Total Background 8.6 £ 2.0 12.8 +£2.4
(9.2 4+ 2.0) (10.6 4+ 2.3)
Total Signal (n't = 20.4182)
Electron Fraction Rf =0.58 4 0.04
(r® = 0.59 4+ 0.04)
e and p Signal (n'¢ = 12.0733) (n'* = 8.4721)
Signal + Background 23 14
(21.2 £ 4.3) (19.0 £+ 3.5)

Prikelinood(Null) 6.3 x 1077, 4.8 ¢




B. Mass

B, Lifetime

B. Production Cross Section



B, Mass I

e The stability of the B, signal was checked by fitting the
observed J/¢ mass distribution to a sum of the back-
grounds and the signal for various assumed B, mass.

e B. — J/¢lv was generated using Monte Carlo for M(B,)
between 5.28 and 7.52 GeV/c?.

e Flach signal mass template was used in the fit to the mass
spectrum for data.

e Best-fit log-likelihood value fits well with a parabolic
function of the assumed B, mass.

£ =—2In L(m) — (=21In L(m = 6.40 GeV /c?))
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B, Mass

CDF Preliminary
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M(B.) = 6.40 £ 0.39(stat) 4 0.13(syst) GeV /c’

— fitting procedures, estimated from the difference between binned and unbinned anal-

yses (0.08 GeV/c?),
— finite Monte Carlo statistics in the signal template (0.04 GeV/c?),

— variations in the B, mass distribution due to b-quark production spectrum (0.02

GeV/c?),
— analysis with and without trigger simulation (0.02 GeV/c?),

— distortion of the signal mass distribution arising from decay to higher-mass c¢ states

rather than J/1(0.09 GeV/c?).



Toy Monte Carlo:

Test of the Mass Fits

ICDF Preliminary
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The uncertainties on B, mass and the number of B, events are con-
sistent with the expectation from Toy Monte Carlo including the B,
signal and the background.



B. Lifetime I

e There are three processes that dominate the B, lifetime.

— ¢ quark spectator decay.
— b quark spectator decay.

— bc annihilation decay.

e There are various models that modify the free quark decay rates
due to the bound state effects. Theoretical predictions for the the
B, lifetime varry from 0.4 ps to 1.35 ps (C. Quigg, B., FERMILAB-
CONF-93265-T).

e In our analysis the information on the B, lifetime is contained in
the ct* distribution. To measure the lifetime, the requirement ct* >
60um is relaxed to ct* > —100um and events only in the signal
region are selected.

e This yields a sample of 71 events (42 J/ve and 29 J/yp).

ot = MUB0-Lay(J/% 1
pr(J7% 1)




B. Lifetime

K Factor.

e Since the neutrino in B, — J /1 +/{+v carries away the undetecded
momentum, t* is not the true proper time. ct* = ¢t/ K, where K

for an event is given by

_ M(BS) o pr(J/vd)
K= 307ty > o)
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Background Distribution in ct* I

The general shape in x = ct* used for each of the backgrounds was a

sum of three terms:

e a central Gaussian to account for prompt decays, i.e. events with
the J/1 decay point within the beam envelope,

e a right-side (ct* > 0) exponential dominated by the decay of ordi-
nary Bs in the background and

e aleft-side (ct* < 0) exponential to account for an observed low level
background from daughters of B decay incorrectly associated with
particles from the primary intraction vertex.

The exponentials were convoluted with a Gaussian resolution func-
tion. This sum can be written

where

e (z) =1for x > 0 and O(z) =0 for z < 0.
e The index j stands for the various background contributions.

e The product s?c is the one-standard-deviation width of the Gaussian
distribution, where ¢ is the measurement uncertainty on z for each
event and s’ is a fitted scale factor.



Background Distribution in ct*
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Background Distribution in ct*.

e Our fitting procedure accounted for a difference between the relative
pion and kaon fractions contributing to the prompt background and
that contributing to background in the B-like region with ct* >
60um.

e The fit also allowed variation in the relative probability for pions
and kaons to be falsely identified as electrons.

CDF Preliminary

j— fe fu ce Be Bu
N'"i 13.2 £+ 1.3 12.6 + 2.8 See Note 1.5+ 1.1 |0.794+0.34
i 0.199 + 0.004 | 0.36 £ 0.01 | 0.45£0.02 | 0.96 & 0.01 | 0.98 4+ 0.06
f2 0.032 4+ 0.004 | 0.034 £ 0.007 | 0.12 £0.02 | 1 — fP¢ 1-— f“
N, (pm) 371 £ 15 445 £+ 20 382 £ 27 371 £15 406 £ 16
A (pm) 103 +£9 96 £+ 16 138 + 27 65 + 15 48 + 21

Note: The number of conversion background events was calculated from iden-
tified conversions N"° = 3 and the ratio R* = 1.06 £ 0.36.



B, Signal Distribution in ct*. I

e We assumed an exponential decay for the contribution
from B., but we convoluted it with the K distribution
and a Gaussian distribution to account for measurement
uncertainty.

Flla) = [ [H) (1) %) © Ga; )] axc

519 cT

where £ = pu, e.



B, Lifetime, Individual Fits

We fit the z distribution (—0.01 < z < 0.15 cm) to a sum
of signal + background distribution.
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B, Lifetime, Combined Fit

CDF Preliminary
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— fitting procedures, estimated from the difference between constrained and fixed pa-
rameters (0.014 ps),

K distribution uncertainty due to production spectrum, B, mass, higher cc states and

decay model (0.016 ps),
decay length resolution (0.028 ps),

— detector alignment (0.006 ps).



Likelihood Fit for Lifetime
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B, Lifetime, Toy Monte Carlo

CDF Preliminary
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B. Production Cross Section I

opB(BS — J/pl"X)
op,B(B; — J/YK™)

CDF Preliminary
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=
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Shaded region is a theoretical prediction assuming:
o(Bf)/a(b) = 1.3 x 1073,
o(B*)/a(b) = 0.378 £ 0.022,
B(BT — J/¥K™T) = (1.01 & 0.14) x 1073

opB(BY — J/plX) oo e
op,B(BS — J/WK™) 0.132 Tgg5(stat) +£0.031(syst) “q gy (lifetime)




Systematic Uncertainties on B, Production Cross

Section

— Ratio of the efficiency for B, — J/vev events to that for B —
J/ WK events, R
RX = 0.263 4= 0.035(syst) T0:035 (lifetime)
+ Systematic Uncertainties on RY

- Electron Identification (10 %)
- Production spectrum (5 %)
- Detector Simulation (5 %)
- Monte Carlo Statistics (4 %)
- Trigger Simulation (4 %)
- Fragmentation (2 %)

— the decay of B, to higher c¢ states (—6.7 %).



Conclusions I

e We observe B, mesons through their semileptonic de-
cays, B. — J/¥€X, where £ is an electron or a muon.

— A fit to the J/4¢ mass distribution yields 20.47%2
events from Bc mesons.

— This excess is inconsistent with the background pre-
diction by 4.8 o ( Prob = 6.3 x 1077 ) .

e Properties of the B, meson is measured to be:
— M(B,) = 6.40 + 0.39(stat) & 0.13(syst) GeV/c?
— 7(B.) = 0.46 T9{8(stat) 4 0.03(syst) ps

— oxBR(B, — J/9¢X) /o xBR(B, — J/¢YK)
= 0.132 T003k (stat) 420.031(syst) To-osa(lifetime)
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Normalized Binned Likelihood Function

Sums. We present here the two functions that, through their parameters, are adjusted for
the best fit to the data distributions, D! and Df.

Moo= (L= )8t 4 I fleI 4 /PP (2)

2

) ,renllSie T nlfefife + nlcercejlce 4 nlBeJlB (3)

2

¢ = —2In (fo) (4)

_ 22[ D' (g)] (5)

where ¢'2 is the first part £ which we now write down in full.

om0
[ )] (s ,,feln(;)]} 7
(
2

&= 2%, {l(/\f—Df) D“ln(

qu qu In (

_ N'n n/fe _ N'fe 2 n/Br _ N'Bu 2 n/Be _ N'Be 2
) (e ) - (—) () ©
AN'fr AN'fe AN'Bu A N'Be
Ice ce _ Ree 2 rée — Re 2

Ice Nlce Nlce 1 n (T ) ( ) 1
+ l( ) (Nlce)l + ARce + ARE ( 0)
Line 6 is the fit to the B, candidate distributions. Lines 7 and 8 constrain the parent distributions
for the various backgrounds and the shape-dependent fractions for the false lepton distributions.

Lines 9 and 10 constrain the normalizations for the five background distributions, the Monte
Carlo calculation of the expected ratio of electron to muon B, events and the calculated ratio of

residual to identified conversion-electron background events.



Unbinned Likelihood Function

The normalized probabilities for the muon and electron distributions are A*/D* and A¢/ D¢,
where

M(mg, Mp,) = (1 —r )/ S*(m;, Mp,) + n'T*F¥*(m;) + n'P*JB(m;)
X(mg, Mp) = rowS"(mg, Mp,) + 1< F*(mj) + T (m;) + ' J*(m;)
Dt = (1 . E) 174 T nlfu T nlBu
D¢ = ,renll _I_nlfe _I_nlBe _I_nlce (11)

o S¥ — S*(m;, Mp,) and S¢ — S¢(m,;, Mp,) represent the normalized signal distributions.

F#(m;) and F°(m;) represent the normalized false y and false e background distributions.

JB(m;) represents the distribution of the BB background obtained from Monte Carlo
calculations.

e J°(m;) represents the distribution for conversion and Dalitz decay electrons.

¢ = —2In ( 5n) (12)

[

It is given by

¢ - fghe) st w

¢ J

—9{—D* + N"In D" — D + N*In D*} (14)
r n/fe — N'fw 2 n/Br _ N/Bu 2
" (ARE) ( AN'T» ) +( AN'Br ) (15)
n/fe _ N'fe nlce _ N'ee 2 n/Be _ N'Be 2
( AN ) +(T) +(W) (16)
+ C

where C was chosen so that (2, = 0 at £ = L,,;,. Line 13 is the fit to the B. candidate
distributions. Line 14 is the constraint to the total numbers of J/v¢ p and J/4 e events. Lines 15
and 16 constrain the ratio of e to p signals and the number of background events for each
background.



Unbinned Likelihood Function for the Lifetime

Analysis

The normalized probabilities which combine both signal and background distributions in

z; = ct} for the J/¢ p and J/v e are A*/D"* and A°/D"®, where

Az er) = (1 - re)n"l o(Tiyer) + n"f“]:f“(a:l-) + n"B“]:B“(mi)

sig

AE(J)J‘,CT) _ Ten,,lfsigse(mj,CT)—|—’I'L”feffe(mj)—|—’I'L”BefBe(mj)—|—’I'L”C€fce(mj)

D//u — (1 o ,re)n//l T n//fu T n//Bu
Dlle — ’l“ETL”l—I-’I”L”fe—l-n”Be—I-’rL”CE. (17)
—2In L™ = —2In(L°L")
Nlte N””

= 23 InA(z) — 2 InA¥(a,) (18)

+ 9 [n//Bc + n//fe + nlfcepce + n//Be + n//fu + n//Bu + 111(N,,e!) + 111(N,,u!)] (19)

e — Re 2
20
" ( AR ) (20)
et — Ree 2
_I_ 2(nce _Nllcelnnce _I_ln(Nllce!))_l_ (W) (21)
nfr _ N/fu 2 nBr _ N"Bu 2 n/'fe _ N''e 2 nBe _ N/'Be 2
+ ( AN u ) + ( AN"Bu ) + ( AN'fe ) + ( A N/Be )(22)
2 2
— W — W
b () 4 () et &

Note that terms N”¢In D" and N""In D"* do not appear because they cancel between the
denominator of the log-probability sum (Line 18) and the numerator of the Poisson constraint
on the numbers of J/¢ e and J/¢ p events (Line 19). Line 20 is the constraint on the J/¢ e
fraction in the number of B, events. Line 21 contains the Poisson constraint on the number
of detected conversion electron background events and the Gaussian constraint on the ratio of
undetected to detected background. Line 22 contains Gaussian constraints on the numbers of
other types of background events. Finally, Line 23 provides constraints on p, w, and the shape
parameters for the background probability functions.



