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Analysis Overview

trig £eco
NBE ap+ €pyf €pt 1 fu

tri Treco
NB+ OéBg EBOQE fS

B(By — ppu™) =

B(B™)

» Pre-selection of B°  — u*u candidates

= NN discriminant to enhance signal purity
= Background estimate

« Normalization mode B* = J/y K*, J/y = utu-

* Relative trigger acceptance and efficiency

« NN efficiency

« Known relative production fractions and B* branching ratio




Data Sample

_ F d (F Central (C
> 7 fb! of pp data at Vs = 1.96 TeV o_é”i”?& i )1 |?]?<rao_(6)

> Dimuon trigger: CC, CF p; >2GeV p,>1.5GeV

« ~20% increased acceptance
compared to previous analysis -
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Pre-Selection

3D vertex fit and
baseline cuts on

« Track quality
« Muon likelihood, dE/dx

o P(HM)
e p;(K)
 Proper decay
time significance I
* Pointing angle p

e |solation:
P (UM) / [2,., Py(track) + p (uu)]




Pre-Selected Samples

CDF Il Preliminary 7 fb™
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NN Discriminant

14 input variables
> Signal: MC, p; and isolation reweigthed to data

> Background: mass sidebands
3ch‘u Preliminary 7 fb‘f |

Checked for

CDF Il Preliminary 7fb" & ] _
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Optimization

Optimization on
expected Iimit

8 bins in NN output
from 0.7 to 1,
highest bins:

0.97 -0.987 -0.995-1 = _ |

e 5 Dbins In mass
e« CCandCF

> Backgrounds and
efficiencies determined
for each bin




Background Estimation

Combinatorial background:
> Smooth M  distribution

* Fit linear function to sidebands for
M, > 5 GeV to suppress B - ppX

« Systematic uncertainty from
different fit functions and ranges

B - h*h'- with mis-identified K,t:
> Peaking in signal region
« Kinematic distributions from MC

Candidates / 20 MeV/c?

Candidates / 20 MeV/c?
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« Normalization from known branching ratios
 Fake rates from D*t tagged D° - Kmt* data




Background Estimates

combinatorial B - h*h'
B°_ signal window background background
NN Bin CC CF CC CF
0.700 < NN < 0.970 | 129.2+6.5 146.3£7.0 || 0.03+£0.01  0.01+ <0.01
0.970 < NN < 0.987 | 7.9+1.9  11.6+1.8 || 0.01+ <0.01 0.01+ <0.01
0.987 < NN <0.995 | 4.0+1.1  33+10 | 0.024 <0.01 0.01+ <0.01
0.995 < NN <1.000 | 0.79+0.52  2.6+15 0.08+0.02  0.03+0.01
B? signal window
NN Bin CC CF CC CF
0.700 < NN < 0.970 | 134.046.6 153.4+7.3 || 0.31+0.08 0.09+0.02
0.970 < NN < 0.987 | 82+2.0  121+1.9 || 0.13+£0.03 0.05+0.01
0.987 < NN < 0.995 | 4.1+1.2  3.4+11 || 0.1940.05 0.0440.01
0.995 < NN < 1.000 | 0.8+0.5  2.8+16 || 0.7240.20 0.204-0.05

KIT




cC
C O n t ro I S a m | e S sample NN cut pred obsv prob( %)
p 0.700 < NN << 0.760 217.44:(12.5) 203 T7.7
05- 0.760 << NN < 0.850 262.04(14.1) 213 9.1
0.B50<C NN << 0.900 117.94(8.6) 120 44.7
0.900 < NN << 0.940 112.14-(8.4) 116 39.4
+ 0.940< NN < 0.970 112.7-(8.4) 108 64.2
) -+ 0.970< NN < 0.087 80.2-+(6.9) 75 68.3
(—) 0.987 < NN < 0.995 67.61(6.3) 41 499.8
0.995< NN <1.000 32.54(4.2) 35 37.5
0.700< NN <0.760 3.04(0.9) 3 55.0
SS+ 0.760 < NN < 0.850 3.34(1.0) 5 25.4
0.850< NN <0.900 1.54(0.7) 2 432
P 0.900< NN <0.940 0.94(0.5) 1 56.8
> 0.940<NN<0.970 1.24{0.6) 1 5.9
0.970< NN < 0.987 1.54(0.7) 2 432
0.987 < NN <0.995 0.34(0.3) 0 74.1
0.995< NN < 1.000 0.34(0.3) 0 74.1
0.700< NN <0.760 5.74(1.3) B 23.7
5S- 0.760 < NN < 0.850 B.44(1.6) 7 69.8
- 0.850< NN <0.900 3.34(1.0) 6 14.3
0.900< NN <0.940 2.44(0.8) 4 24.0
0.940< NN <0.970 2.44(0.8) 4 24.0
0.970< NN <0.987 2.14(0.8) 0 12.2
- 0.987 < NN <0.995 1.54(0.7) 0 22.3
0.995< NN < 1.000 0.34(0.3) 1 30.0
\ 0.700< NN < 0.760 118.34(8.6) 136 11.1
X FM-+ 0.760 << NN < 0.850 110.54(8.3) 121 22.3
0.850< NN <0.900 52.04(5.4) 37 G6.3
i i 0.900< NN < 0.940 37.34(4.5 37 53.0
Slgmﬂcant 0.940< NN <0.970 20.1i%3,3§ 20 52.3
B - hth' 0.970< NN < 0.987 8.34(2.0) b 77.1
. . 0.987< NN <0.995 B.74(2.0) 3 47.5
contribution 0.995 < NN < 1.000 20.84(3.5) 24 30.7
> Observed number of events agrees with prediction

KIT



Signal Efficiency

B(By — ppu™) =

trig £eco

Npo ap+ €y €gt

lfu

B(B™)

trig ’]”BCD
Np+ apo ereco (NN 7
B B EBO S
ccC CF
(e gt /0B,) 0.307 £ 0.018 (£6%) 0.197 & 0.014 (£7%)
(e mg % /e t”‘g) 0.99935 - 0.00012 (< 1%) 0.97974 - 0.00016 (< 1%)
(e'gf/e"em) 0.85 &+ 0.06 (+8%) 0.84 + 0.06 (+9%)
eg;”(mm > 0.70) 0.915 + 0.042 (4-4%) 0.864 + 0.040 (44%)
eg;”(mm > 0.995) 0.461 + 0.021 (4+5%) 0.468 + 0.022 (4+5%)
Ngy 22388 + 196 (£1%) 9943 + 138 (£1%)
fiy / fs 3.59 + 0.37 (£+13%) 3.59 + 0.37 (£13%)
BR(BY — J/wkt — ptp— Kkt (6.01 4 0.21) x 1072 (£4%) | (6.01 4+ 0.21) x 102 (44%)
SES (All bins) (2.9 + 0.5) x 10~9 (418%) (4.0 £ 0.7) x 10~9 (418%)

Single event sensitivity: expect to see 1.9 SM B°_ - u*u- events




Unblinded D
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BY Search Window
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BY Result

« Agreement with background-only hypothesis evaluated
with pseudo experiments using LH ratio Q = L(s+Db)/L(b)

> p-value = 23.3% CDF Il Preliminary 7 fbo”

CDF Il Preliminary 7 fb”
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107 | — Data .
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<
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Test Statistic [2In(Q)] BR(BO - |J+“_) < 6.0 x 1079




B° Search Window

104

candidates / 24 MeV/c?

J1CCo70<v <097

| N SRR

x 0.2

|CF 070<v, <097

y NN AR, o .

x 0.2

0

\ \\\%\5&

0.97 <v, <0987 0.987 <v, < 0.995 v, > 0.995

RN

0.97 <v, < 0.987 0.987 <v, <0.995 v, > 0.995

T T s A o o S |

R

By

Background

W +signal (SM)

5322 5370 5418 5322 5370 5418 5322 5370

m,,, (MeV/c?)

5418 5322 5370 5418

Example:
Obs: 2
Bkg. exp:
0.16+0.12




Consistency with Background and SM

> p-value for background-only hypothesis: 0.27%
- p-value for background+SM hypothesis: 1.9%

Pseudoexperiments

CDF Il Preliminary 7 fb”
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Cross Checks

> p-values for highest two NN bins:
v Background-only: 0.66%
v Background+SM: 4.1%
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B° Result

> 90% CL region: 4.6 x 10° < BR(B°, —» p*u) < 3.9 x 10°®

CDF Il Prellmlnary 7 fb B

- Central value: 8, T Al I s s L M :
0 +11=-) — 2 -
> BR(B®, » u*p) = 6}
+1.1 -8 .
1.8+, x 10 51
4
> Central value using 3 % 90%Bound :
only the highest two Y :
NN bins: 4 E
| 1: "'-.,.. 68% Bound .
0 +11-) — . ]
> BR(B < - 4Tl ) — ' \/ !
14 +1.0 X 10'8 0_. ....... Ll bl |....|....|....|.l.?><'|0-9
0.8 0 5 10 15 20 25 30 35 40 45 50
BR(B_— u* W)




Conclusions

5] CCo70<v <097 097<v <0987 | 0987 <v, <0995 v, > 0.995 a
. . G 67 .. -
- Significantly > 4_:?«%«@« Bou'w |
improved = - ™ ;
g s . 2= -
sensitivity N S -

. BO: Consistent %1{;% CF o070<v,<097| 097<v,<0987 | 0987 <v, <0995 v, > 0.995
with background g | s
. . foe = B +signal (SMx5.6) |
> World's best BR limit *1, = [
(until today?) ] x02 N |
. {}. I N N N A N Y N SN A W\F\m.
> EXcess In BOS 5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418

. MeV/c?
search window My (MeV/e?)

> First double sided confidence region on BR(B® - p*u)

= Submitted to PRL, arXiv 1107.2304:

> “Although of moderate statistical significance,
this is the first indication of a B°, - y*u~ signal.”




Backup




Experimental Status (95% CL Limits)

DO: 6.1 fbl, PLB 693 539 (2010) 95% CL Limits on B(B; — uu)

1000
OCDF 95% CL Upper Limit
° BR(BS—) l'l+“'_)< 5_1 X 10'8 ADO 95% CL Upper Limit
PRD 57 (1998) 3811 ( OCDF Expected
-] ADO Expected
o . .
CDF: 3.7 fbl, public note 9892 T PR G ssoi0 o S L
. . ’ pu IC no e : kPRL94(2005)(‘)71‘8(‘)2
T
¢ BR(B,> i) < 4.3 X 10%  § | mommsaoso  fmommon
S & L i i
w10 CDF Public Note 8176 © PLB 693 (2010)
0 A -9 ) o — T L bes
* BR(B — Bl ) <7.6x10 £ :;(?699%2011;’ ot P o o ,‘*_\
[
&
- 1
LHCb: 37 pb, PLB 699, 330 (2011)
[ BR(BS—) l’l+“‘_) << 5.6 X 10-8 Standard Model Expectation
0.1

o BR(BO_) u+u—) < 15 x 109 10 100 1000 10000

Luminosity (pb-1)




Predictions

Standard Model, A.J.Buras et al. JHEP 1010:009, 2010:
« BR(B;» pp)=(3.2+0.2) x10°

« BR(B%> p'u)=(1.0+£0.1) x 1010

> Small theoretical uncertainty

Plena ry talk Maximal Enhancements of S, , Br(Bs - u*u') and K" > vy
A.B uras (without taking correlation between them)
. ’
Bea uty 2011: Upper Bound | Enhancement of | Enhancement of
Model  |on (S,,) Br(B, > ') | Br(K* - n*vv)
CMFV 0.04 20% 20%
MFV 0.04 1000% 30%
LHT £ 0.30 30% 150% :
L 2075 10% e 60%...:
4G S S oL .
AC - 0.75 1000% 2%
RVV 2050 1000%, .. .......... 10%. ..
Large RS = RS with custodial protections
RH Currents AC = Agashe, Carone U(1)

RVV = Ross, Velaso-Sevilla, Vives (04)  SUQ)g



Signal and Background Components

From B. Casey, ICHEP2010

M Signal u
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NN Variables

CDF Il Preliminary 7 fb™

Rank Variable
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Selection Cross Checks

v No NN output dependency on M

v NN cannot learn difference between inner and outer

mass sidebands events
CDF Il Preliminary 7fb'
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M, (GeV/c?) NN output




CF NN

> Signal MC vs. background

from data sidebands

CDF Il Preliminary 7 fb"

—— CF sideband sample

Entries/0.01

------- CF signal MC sample :
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= | | | |
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NN output

Entries/0.01

> |nner vs. outer data
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NN for Mw > 5 GeV

1 CDF Il Preliminary 7 lfb'1 _ 1 CDF Il Preliminary 7 fb™
| CC i CF
-- signal MC ; — signal MC :
10" ] — sideband (M > 5.0 GeV/c? )4 10-1 ___ sideband (M > 50 GeV/c2 )1

L
=

0 02 04 06 08 1 0 02 04 06 08 1
NN Output NN Output




NN Validation

> Comparison of NN output for B+ = J/y K* data and MC

Cc

o

F Il Preliminary 7 fb™ ccC
100000 1 ' ' — _ , : CF -
- 5 F — B*— J/'¥K MC .
- ] 10000 = —— Data SB subtracted =
10000 g— —g 1000 ;_ __;
N 7 = S
| - 100 g - E
1000 £ - Iy W ]
n --F-"":"— . 10 E
- s ] — 3
100 EEI TP St et = ; 3
0 0.2 0.4 0.6 0.8 1 0 0.2 0.2 0.6 0.8 13
NN Output NN Output
CC CF
NN cut Data MC Diff Data MC Diff
NN>0.90 0.648+0.003 0.666+0.004 0.022 0.654+-0.005 0.667=0.005 0.013
NN>0.95 0.571+0.003 0.588+0.004 0.017 0.5744-0.005 0.583+4-0.005 0.007
NN>0.96 0.544+0.003 0.561+0.004 0.015 0.5504-0.005 0.5624-0.005 0.012
NN>0.97 0.514+0.003 0.530+0.004 0.016 0.515+4-0.005 0.5304-0.005 0.015
NN>0.98 0.476+0.003 0.489+0.004 0.013 0.469=0.005 0.476=0.005 0.007
NN>0.99 0.392+0.003 0.406+0.004 0.014 0.3564-0.005 0.380+40.005 0.024
NN>0.992 0.360+0.003 0.374+0.004 0.014 0.338+0.005 0.362+0.005 0.024
NN>0.995 0.304+0.003 0.312+0.004 0.008 0.299+0.005 0.319+0.005 0.020




Validation of “miniskirt” data

CDF I
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Validation of “COT spacer” data
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Blinded CC Mass Plots
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Blinded CF Mass Plots
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Unblinded CF Mass Plots
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Unblinded Data
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Fake Rates
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Fake Rates for FM+ sample
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NN Bin CC CF

0.700<NN<0.760 |[ 0.17£(0.02) 0.02+(0.01)
0.760<NN<0.850 || 0.184(0.02)  0.034(0.01)
0.850<NN<0.900 || 0.214+(0.02)  0.034(0.01)
0.900<NN<0.940 || 0.224(0.02)  0.044(0.01)
0.940<NN<0.970 || 0.264+(0.03)  0.044(0.01)
0.970<NN<0.987 || 0.424(0.05) 0.064(0.01)
0.987<NN<0.995 || 0.824(0.09) 0.114(0.02)
0.995<NN<1.000 || 8.65+(0.93) 1.164(0.20)




CF
C t I S | sample NN cut pred obsv prob( %)
On rO al I lp eS 0.700< NN < 0.760 209.34(12.0) 187 88.8
0s- 0.760 < NN < 0.850 332.34(16.3) 325 62.0
0.850< NN < 0.900 146.74(9.7) 144 57.7
0.900< NN < 0.940 144.24(9.6) 139 63.9
0.940< NN < 0.970 128.6-+(8.9) 112 88.4
. . 0.970< NN <0987 92.84(7.4) 89 63.0
o CF N NN blnS > 0.987 < NN < 0.995 45.44(5.0) 55 14.0
0.995< NN < 1.000 38.34(4.5) 37 58.2
0.700<C NN << 0.760 0.31+(0.3) 1 30.0
5SS+ 0.760 < NN < 0.850 4.24(1.1) 4 57.8
. 0.850<C NN <2 0.900 0.34(0.3) 3 1.3
e All NN b|nS and CC+CF 0.900< NN < 0.940 0.64(0.4) 1 45.4
. 0.940< NN <0.970 0.94(0.5) 1 56.8
com blned . 0.970< NN < 0.987 0.64(0.4) 0 54.9
- 0.987< NN <0.995 0.54(0.4) 0 60.1
— 0.995< NN < 1.000 0.34(0.3) 1 30.0
Control Sample | Prediction Nobs Prob(N>=Nobs) 0.700< NN <0760 425 (1.1) 2 =8
OS- 2140.04+53.9 1999 98% 55- 0.760 < NN < 0.850 5.14(1.2) 7 27.1
0 0.B50< NN < 0.900 2.74(0.9) 2 71.0
S5+ 19.7:3.4 25 190/" 0.900< NN <0.940 0.94(0.5) 4 2.8
SS- 46.845.3 53 25% 0.940< NN < 0.970 3.04:(0.9) 1 92.3
FM+ 567.8+25.4 593 24% 0.970< NN <0967 gxﬂgﬂ% 5 12.2
0.987<< NN < 0.995 64(0.4 54.9
0
Sum 2774.3+£59.9 2670 91% 0.995 < NN < 1.000 1.84(0.7) 0 16.5
0.700<< NN < 0.760 54.814(5.6) 66 12.7
FM+ 0.760 << NN << 0.850 66.34(6.2) 57 83.1
0.850<C NN <2 0.900 33.7+(4.3) 25 90.3
0.900< NN <0.940 17.44£(3.1) 26 6.6
0.940< NN <0.970 9.54(2.2) 15 10.2
0.970< NN <0987 5.34(1.7) 9 13.4
0.987< NN <0995 2.74(1.2) 3 49.3
0.995 < NN < 1.000 2.14(1.0) B 0.7




SM Expectation for B_ Signal Window

5.310-5.334 5.334-5.358 5.358-5.382 5.382-5.406 5.406-5.430
0.700-0.760 | 0.002 =0.000 0.007 £ 0.001 0.011 £0.002 0.006 = 0.001 0.001 £ 0.000
0.760-0.850 | 0.004 = 0.001 0.015 £ 0.003 0.020 £ 0.004 0.011 = 0.002 0.003 £ 0.001
0.850-0.900 | 0.004 = 0.001 0.010 £ 0.002 0.014 £0.003 0.008 = 0.001 0.002 £ 0.000
0.900-0.940 | 0.005 = 0.001 0.016 £ 0.003 0.023 = 0.004 0.012 = 0.002 0.002 £ 0.000
0.940-0.970 | 0.008 = 0.001 0.022 £ 0.004 0.032 £ 0.006 0.016 =0.003 0.003 £ 0.001
0.970-0.987 | 0.010 %= 0.002 0.029 £ 0.005 0.041 £0.007 0.022 =0.004 0.005 £ 0.001
0.987-0.995 | 0.013 = 0.002 0.046 £ 0.008 0.062 £ 0.011  0.031 = 0.006  0.007 & 0.001
0.995-1.000 | 0.052 =0.009 0.167 £ 0.030 0.227 £0.040 0.119 = 0.021 0.029 £ 0.005

Table: Expected number SM Signal events in CMU-CMU channel

5.310-5.334 5.334-5.358 5.358-5.382 5.382-5.406 5.406-5.430
0.700-0.760 | 0.002 = 0.000 0.006 = 0.001 0.007 £0.001  0.005 = 0.001 0.001 &= 0.000
0.760-0.850 | 0.003 = 0.001 0.012 &= 0.002 0.015 £ 0.003  0.009 = 0.002 0.002 = 0.000
0.850-0.900 | 0.003 = 0.001 0.009 = 0.002 0.012 £ 0.002  0.006 = 0.001 0.001 = 0.000
0.900-0.940 | 0.004 = 0.001 0.012 &= 0.002 0.017 £0.003  0.009 = 0.002 0.002 = 0.000
0.940-0.970 | 0.005 %= 0.001 0.015 = 0.003 0.021 = 0.004 0.013 = 0.002 0.003 = 0.001
0.970-0.987 | 0.008 = 0.002 0.026 = 0.005 0.036 = 0.007 0.019 =0.003 0.005 = 0.001
0.987-0.995 | 0.007 = 0.001 0.021 = 0.004 0.029 = 0.005 0.017 =0.003 0.004 £ 0.001
0.995-1.000 | 0.039 = 0.007 0.116 = 0.021 0.159 £0.029 0.090=0.016 0.023 = 0.004

Table: Expected number SM Signal events in CMU-CMX channel




SM and Background Expectations for B,

CC

NN Bin env'. B—hh Bkg  Total Bkg  Exp SM Signal
0.700 < NN < 0.970 | 20% 0.03 129.244-6.50 0.26+0.05
0.970 < NN < 0.987 | 8% < 0.01 7.91+1.27 0.11+0.02

0.987 < NN < 0.995 | 12% 0.02 3.954+0.89 0.16+0.03
0.995 < NN < 1.000 | 46% 0.08 0.7940.40 0.59+0.11
- CF : .
NN Bin env'. B—hh Bkg  Total Bkg  Exp SM Signal
0.700 < NN < 0.970 | 21% 0.01 146.29+7.00 0.19+0.04
0.970 < NN < 0.987 | 10% 0.01 1157-E1 5¢( 0.09+0.02
0.987 < NN < 0.995 | 8% 0.01 3.25+0.82 0.08+0.01
0.995 < NN < 1.000 | 46% 0.03 2.64+0.74 0.43+0.08
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B° Expected and Observed Events

| Mass Bin (GeV/c?) | 5219-5243 52435267  5267-5291  5291-5315 53155339 | Total
CC NN bin Exp Bkg 8.3210.64 8.25+0.63 8.171+0.63 8.09+0.62 8.0110.62 40.83
0.7-0.76 Obs 11 10 6 5 7 39
CC NN bin Exp Bkg 8.75+0.66 8.67-+0.65 8.58+0.65 8.5+0.64 8.41+0.63 42.91
0.76-0.85 Obs 8 10 5 6 9 38
CC NN bin Exp Bkg 3.69+0.41 3.66+0.4 3.6240.4 3.581-0.4 3.54+0.39 18.09
0.85-0.9 Obs 7 2 6 5 4 24
CC NN bin Exp Bkg 3.66+0.4 3.62+0.4 3.58+0.4 3.5440.39 3.5+0.39 17.9
0.9-0.94 Obs 5 8 5 5 5 28
CC NN bin Exp Bkg 3.0+0.36 2.97+0.36 2.93+0.36 2.940.35 2.8640.35 14.65
0.94-0.97 Obs 2 3 4 3 4 16
CC NN bin Exp Bkg 1.7140.50 1.694-0.50 1.67-0.50 1.64-0.49 1.62+0.49 8.33
0.97-0.987 Obs 1 2 3 1 3 10
CC NN bin Exp Bkg 0.9040.28 0.89-0.28 0.86+0.27 0.8440.27 0.814+0.27 4.29
0.987-0.995 Obs 3 2 1 0 1 7
CC NN bin Exp Bkg 0.4040.21 0.38-0.20 0.3240.17 0.25+0.15 0.20+0.14 1.54
0.995-1 Obs 1 1 1 0 1 4
CF NN bin Exp Bkg 8.8010.68 8.7910.67 8.681L0.66 8.5810.65 8.4710.65 43.41
0.7-0.76 Obs 7 10 10 12 9 48
CF NN bin Exp Bkg 9.940.72 9.78+0.71 9.66+0.7 9.54+0.69 9.42+0.69 48.31
0.76-0.85 Obs 7 10 11 13 10 51
CF NN bin Exp Bkg 5.15+0.5 5.09+0.49 5.02+0.49 4.964-0.48 4.940.47 25.12
0.85-0.9 Obs 3 4 1 2 1 11
CF NN bin Exp Bkg 4.06+0.44 4.01-+0.43 3.96+0.43 3.914+0.42 3.861+0.42 19.8
0.9-0.94 Obs 3 5 5 6 4 23
CF NN bin Exp Bkg 3.45+0.4 3.414+0.4 3.374+0.39 3.3240.39 3.284-0.38 16.83
0.94-0.97 Obs 5 6 2 1 1 15
CF NN bin Exp Bkg 2.504-0.59 2.4740.58 2.444-0.58 2.4040.57 2.3740.56 12.17
0.97-0.987 Obs 1 1 3 1 3 9
CF NN bin Exp Bkg 0.7140.25 0.70-£0.25 0.69+0.25 0.68+0.24 0.67+0.24 3.44
0.987-0.995 Obs 4 0 1 0 1 6
CF NN bin Exp Bkg 0.6240.42 0.62-0.42 0.6040.41 0.574+0.40 0.55+0.39 2.97
0.995-1 Obs 1 0 0 0 1 2
Table: B signal window for CC(top) and CF(bottom): Expected backgrounds, including B — hh, and number of observed events.




B% all NN bins, CC+CF Combined

25

0.70 <v < 0.76 0.76 <v, < 0.85 0.85 <v<0.90 0.90 <v,<0.94
20 » .
UUE NN
% »
= 10 A = " .
< ‘ RS
ANl 5 i - »
(7))
O 0
© | 094<v,<097 0.97 <v,<0.987 | 0987 <v <0.995 v, > 0.995
S .. -
% » Background
@) . -
5- | L
_ . oI NS SN
oY A N N T I T Y T Y Y TN TR T A B s TN

5231 5279 5327 5231 5279 5327 5231 5279 5327 5231 5279 5327

m,, (MeV/c?)




B°. Expected and Observed Events

| Mass Bin (GeV/c®) | 5.31-5.334 5.334-5.358  5.358-5.382  5.382-5.406 5.406-5.43 | Total
CC NN bin Exp Bkg 8.02+0.62 7.94+0.61 7.87+0.61 7.79+0.6 7.71+£0.59 39.34
0.7-0.76 Obs 9 6 6 2 5 28
CC NN bin Exp Bkg 8.43+0.64 8.34+40.63 8.264-0.62 8.184-0.62 8.140.61 41.32
0.76-0.85 Obs 8 6 11 11 7 43
CC NN bin Exp Bkg 3.554+0.39 3.51+40.39 3.484-0.39 3.44+0.38 3.4140.38 17.4
0.85-0.9 Obs 5 6 2 5 4 22
CC NN bin Exp Bkg 3.5140.39 3.4740.39 3.4440.38 3.4140.38 3.3740.38 17.2
0.9-0.94 Obs 4 5 4 5 7 25
CC NN bin Exp Bkg 2.8740.35 2.84+40.35 2.814+0.34 2.7840.34 2.75+0.34 14.04
0.94-0.97 Obs 4 5 2 3 4 18
CC NN bin Exp Bkg 1.62+0.49 1.601+0.48 1.584-0.47 1.57+0.47 1.55+0.46 7.92
0.97-0.987 Obs 1 4 7 1 3 16
CC NN bin Exp Bkg 0.8240.27 0.8040.27 0.7940.26 0.7840.26 0.7840.26 3.97
0.987-0.995 Obs 1 1 3 0 0 5
CC NN bin Exp Bkg 0.2140.14 0.184-0.13 0.1640.12 0.1640.12 0.1640.12 0.87
0.995-1 Obs 0 1 2 0 1 4
CF NN bin Exp Bkg 8.49+0.65 8.391+0.64 8.28+0.63 8.17+£0.62 8.071£0.61 414
0.7-0.76 Obs 8 13 9 9 9 48
CF NN bin Exp Bkg 9.45+0.69 9.3340.68 9.214-0.67 9.140.66 8.9840.65 46.07
0.76-0.85 Obs 7 8 7 11 4 37
CF NN bin Exp Bkg 4.9140.48 4.85+0.47 4.79+0.46 4.7340.46 4.6740.45 23.95
0.85-0.9 Obs 1 5 6 3 5 20
CF NN bin Exp Bkg 3.87+0.42 3.824-0.41 3.7740.41 3.73+0.4 3.6840.4 18.88
0.9-0.94 Obs 4 1 6 3 3 17
CF NN bin Exp Bkg 3.29+0.38 3.25+40.38 3.2140.37 3.1740.37 3.1240.36 16.04
0.94-0.97 Obs 0 5 3 4 5 17
CF NN bin Exp Bkg 2.3840.56 2.34+40.55 2.3140.54 2.28+0.54 2.2540.53 11.57
0.97-0.987 Obs 1 4 3 1 2 11
CF NN bin Exp Bkg 0.67+0.24 0.664-0.24 0.65+0.24 0.64+0.23 0.6340.22 3.25
0.987-0.995 Obs 1 1 0 1 0 3
CF NN bin Exp Bkg 0.5640.39 0.5440.38 0.53+0.38 0.5240.37 0.5140.36 2.66
0.995-1 Obs 1 1 0 1 1 4
Table: Bs signal window for CC(top) and CF(bottom): Expected backgrounds, including B — hh, and number of observed events.




B° all NN bins, CC+CF Combined
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LH Ratio Plots for Two Highest NN Bins
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BR(B®°_ — p*u) 95% CL Limit

Observed limit:

> 4.0x 108

Expected limit:

> 1.5x10¢8
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Bayesian Method
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Interpretations
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Interpretations
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Interpretations

U.Nierste, H.Logan: New

two-sided limit excludes a W\

significant portion of the AN N G

allowed parameter space BN VN

for tanf and M, in a two-

Higgs Doublet model:
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