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B. (BY)— u*u-: the golden channel
for FCNC searches

* In the Standard Model (SM) process is
highly suppressed
— Cabibbo and helicity suppressed

— accessible only through higher order EWK
diagrams
— SM rate predicted with ~10% accuracy:

BR(B,— wu-)=(3.2+0.2)x10
BR(B'— utu-)=(1.00.1)x10-10
A. J. Buras et al., JHEP 1010:009,2010

* Search for this decay has long been of great interest:
— robust experimental signature

— many New Physics(NP) models predict much larger branching fraction
e.g.Choudhury, Gaur, PRB 451, 86 (1999); Babu, Kolda, PRL 84, 228 (2000).



Probing New Physics

All NP models with new scalar operators predict enhancement.
In NP models without new scalar operators,
BR(B,— wtu-)>10-% are unlikely

Examples of NP models:
Loop: MSSM, mSUGRA

- Rate prop. to tan®p, e.g. 3 orders of
magnitude enhancement
Dedes, Dreiner, Nierste, PRL87:251804 (2001)

Tree: Flavor violating models or R-
Parity violating SUSY

LHT, RS, SM with 4 generations 1
- modest NP contributions to BR(B,.— u*u-) i SN



Probing New Physics

- “Smoking gun” of some Flavor Violating

\\;‘\‘fan/p _—
NP models: br ® st
— ratio BR(B,— u*u-)/ BR(B%— u+u-) highly H, A
informative about whether NP violates flavor ]
significantly or not e
/1+ ’ranb /1
— clear correlation between CP violating mixing
phase from B_.— JAhp¢ and BR(B,— u+u-) \s\fg‘b/,
Altmannshofer, Buras, Gori, Paradisi, Straub, br SL
Nucl.Phys.B830:17-94,2010 7 A
* Important complementarity with direct re

searches at Tevatron and LHC — 5, ?anb’z;-

— Indirect searches can access even higher mass
scales than LHC COM energies

New bounds on BR(B°— u*u-) and BR(B,— w*u-) are of crucial
importance, and are a top priority at the Tevatron and LHC.



Probing New Physics

Plenary talk
A.Buras, Beauty 2011:

‘Maximal Enhancements of S Br(Bs - p*p‘) and K" —> n"vVI

vo 2

(without taking correlation between them)

Enhancement of | Enhancement of

Upper Bound

Model on (Sw) Br(Bs > u+u') Br( K> n*vV)
CMFV 0.04 20% 20%

MFV 0.04 1000% 30%

e T XL S s
L5 075 ... 10% .....|..... 60%. .
4G S0 OR— — 0D ORS00 on
AC 10.75 1000% 2% -

RVV - 0.50 1000% 10%

Large RS = RS with custodial protections
RH Currents AC = Agashe, Carone U(l);
RVYV = Ross, Velaso-Sevilla, Vives (04) SUQR)




Experimental Status

BR(B,— utu-)<5.1 x10-8
PLB 693 539 (2010)

3.7 fb1:

BR(B,— utu-) <4.3 x10-8

BR(B%— utu-) <7.6 x109
public note 9892

LHCb 37pb1

BR(BS—> utu-) < 5.6 x 10-8
BR(B°— uu-) < 15 x 109
PLB 699, 330 (2011)

All limits quoted @95% C.L.

1000

-
- (=
o o

Branching Fraction x 10 8

0.1

95% CL Limits on B(B, —» uu)

OCDF 95% CL Upper Limit
ADO 95% CL Upper Limit
PRD 57 (1998) 3811 ( OCDF Expected
ADO Expected
ELHCb 95% CL Upper Limit
PRL 93 (2004) 0320010 ————r————
A PRL 94 (2005) 071802
1]
1 I I
| PRL 95 (2005) 221805 PRD 76 (2007) |
I W
?DF Pﬁ?'lc N?tﬁ 8|17‘6‘ - PLB 693 (2010)
! 539
q PRL 1oo (2008) 101802@*\ m
(NN | /
PLB 699 (2011) CDF Public Note 9892 ) |4
330
(— o - e o e e e e e e e s - |-
Standard Model Expectation
10 100 1000 10000

Luminosity (pb-1)



Analysis overview

Data collected using dimuon trigger, 7 fb-'

Loose pre-selection identifies B, and B* search samples

— B*— JAYK* — utuKis used as a normalization mode to suppress common
systematic uncertainties

S/N for the B,(B°) sample is further improved by using a Neural Net
discriminant

Signal window is blinded

backgrounds are evaluated using sideband data and other control samples

BR(B,(B%)— utu-) is determined relative to the B*— JhpK* rate after
correcting for relative trigger and reconstruction efficiencies extracted from

data (when possible) and simulation.

Can search for B®and B, — u*u- decays separately
— dimuon mass resolution ~24 MeV < Mg, - Mg,



Trigger

Data collected using dimuon trigger

« “CC”:

— 2 central muons 15000
“CMU", n|<0.6, %

— p>1.5 GeV > J/w_

~ 2.7<M,,<6.0 GeV = 1000 | €9ION 2

— Prot Pro >4 GeV o o(M,,,)=16MeV /c

"CF™: _6 5000-

— one central, one forward muon - analysis
“CMX”, 0.6<[n|<1.0 o region

— p>2 GeV e e——>

— other cuts same as above 3 35 4 45 5 55 6

M) [GeV/ic®]

Trigger efficiency same for muons from J/ip or B,
(for muon of a given py)



Improvements over previous B,(B®)— u*u- result

from CDF

Using twice the integrated luminosity (7 fb)
Extended acceptance of events in the analysis by ~20%

— muon acceptance includes forward muons detected in CMX miniskirts
— 12% from tracking acceptance increase (using previously excluded

“COT spacer region”

-1

Central muons
(CMU)

Forward muons
(CMX) including
‘miniskirts”

)

Analysis improvements include an improved NN discriminant

E-cmx E-cmp ETH-cMmu
1 1




“Blind” search region

» Search region: 5.169<M,,,<5.469 GeV

— corresponds to +6xa,,, where o,,=24MeV (2-track invariant mass
resolution)

« Sideband regions: additional 0.5 GeV on either side
— Used to understand background

MC simulation of
B. and B%— pru-
mass peaks

o
w
o
Q.
—_———

arbitrary normalization
o
N

o
—

sideband
| >

sideband JJ _
- | qec

48 5 52 54 56 5.8 ,
M(u'w) [GeVieT]




Pre-selection variables

Samples of candidate B* and B,(B®) decays pass track quality
cuts and are constrained to a common 3D vertex. We apply
loose baseline cuts on: p

- isolation of B candidate
and pointing angle (A€2)

- transverse momentum of
candidate B and muon
tracks

- significance of proper
decay time

- invariant mass

pr(uu)

(tracks) + p,(uw)

all tracks within a cone of R=1 around
p+(uwn) considered

Isolation = EP
T

11



Pre-selection: B* normalization sample

B*— JWK — uruK,
~30k candidates.

In addition to baseline cuts,
B* sample passes

- JAp mass constraint for
dimuons

- K quality cuts, and
K and JAp constrained to
common vertex

CDF Il

Events / 5 MeV/c?

N W By (24
o (=] o o
o o o o
(=) (=] (=] (=)

CDF II

“b 2400f
> 2200}

< 2000

w 1800
o 1600

t 1400}
£ 1200}
W 1000f

800}

600

400

200

ot

|

Preliminary 7 fb™

LA B S S S S B B B L B R

CcC
N(B*) = 22388 + 196
pT(B)>4 GeV/c

—

53 535 54
Invariant Mass [GeV/c?]

1

Preliminary 7 fo’

PR R

LA L R S B S (L B S B S

CF

+

N(B*) =9943 = 138
pT(B)>4 GeV/c

" 5.25

PR (U S N S (TN T N S MUY
53 535 54
Invariant Mass [GeV/c?]
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Pre-selection: B,(B°) search samples

B.(B?) search sample,
~100k candidates

Events per 100 MeV/c?

Events / 100 MeV/c?

5500F
-
5000}
4500f
4000}
3500}
3000 p_(B)>4 GeV/c
2500}

5500 . T =
5000} s
4500} -
40005 CF

3500; N =52179

3000k pT(B)>4 GeV/c

CDF Il Preliminary 7 fb™

cC
N = 48279

—SEra— | PR S B—Y

28 5 52 54 56 58
Invariant Mass [GeV/c?

CDF Il Preliminary 7 fb™

28 5 52 54 56 58
Invariant Mass [GeV/c?]
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Signal selection

 Discriminating variables

 Neural Network

14



B.(BY) Signal vs. Background

Assuming SM production, we expect ~2 events at this stage.
Need to reduce background by ~10°!

Signal characteristics:
- final state is fully reconstructed
- B fragmentation is hard- few
additional tracks, and L and p(uuw)
are co-linear
- B has long lifetime ~1.5ps

Backgrounds
- Sequential semi-leptonic decay:
b - cu X — uuX
- Double semileptonic decay: bb — ptu'X
- Continuum pu-
- u + fake, fake+fake

Good discriminators: isolation, mass, lifetime, p; , how well p; aligns with L 15



B.(BY) Signal vs. Background

sequential

double ) )
4

From B. Casey, ICHEP2010 16

J



Discriminating Variables

14 variables are CDF Il Preliminary 7 fb"

combined into a Neural £ ool E I S L
N M G oF- Anglebetweeny & b E
et (except MM) 6000} . - and pr(B) : 3°°°°§‘ Isolation :
o . 4000 " — 20000 |- E
6 most sensitive variables w00f e N
Shown here %0102 03 04 05 06 07 85 06 07 08 09 1
3p LM Isolation
. . o T @ 18000F -
Inred: MC signal (Pythia), § we o F o 1
- o - 3 E - Imp.parameter
black: sideband data w0 ofhigher p; ] ool S
30000 E__muon _E 8000 :5- ;
. 20000 _- _ 6000 : ':_ :
- B-hadron p; spectrum is 10000 ", oS
i i e d10° L e ——
rewelghted US|ng 0520 40 60 80 10030::%60;802]00 00 0.01 0.02 0'?1%(30'0)4[ 0.]05
ig [em o) [em
B*— JAWK — uru K data ‘
. . . . . . 2 000f E £ 45000 T
- isolation distribution is § ook 1§ o000}
. . w g : ] W 35000 F_
reweighted using B,— Jhp¢ 2t ?:(';aa“"lz nzgih soooo ™ Vertex fit 2
3 y £ 3
data ts000f" or3
10000, E 10000 F =
5000 = 50008 =
00 10 20 30 40 50 60 70 E;O 00_

2 4 6 8 10 12 1;1
xyIGLny X’le



Improvements over previous B,(BY)— u*u- result

Using an improved Neural Network that achieves twice the
background rejection for the same signal efficiency

Background Efficiency (%)

5 CDF Il Preliminary 7 fb™
T T T ] T T T | T T

T ] T T T -f
B
—— New NN
$
------ - Old NN ;
h
(%) i
2+ 02 e e g_
0.15 i
i
0.1 A 1é $
i :
1 0.05 ) "f |
B0 20 30 48 50 &
O - »--6-«4‘1--"“""“‘2"'i“"frﬁ-‘ltﬁ“] 1 1 [ I !
0 20 40 60 80

Signal Efficiency (%)
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Neural Network Output

CDF Il Preliminary 7 fb™

—— CC sideband sample
Separation between NN output for _ | 7 CC signal MC sample
background and for signal MC 2107,
@
Q0
- input variables and NN signal £102}
performance has been checked in w |
B*— JWK* — utuwK data
0% Ui
- events with NN output >0.7 are 0O 02 04 06 08 1
considered candidates NN output
CDF Il Preliminary 7 fo!
- we take advantage of improved . g; S'deb?:,.dc Samp":
background suppression with high 1 signal i sample
NN output by dividing into 8 sub- 210"»
samples, using an a-priori 5
optimization Q
€107
Wt
1%L g
0O 02 04 06 08 1

NN output



A priori optimization
Figure of merit: expected upper limit on BR(B,(B?)),

calculated using CLs method

- choice of optimal binning made using MC pseudo-exps.
- mean expected background from data sideband

- uncertainty (syst. and stat.) on mean included in pseudo-experiments

- resulting configuration:

- 8 bins of NN output between 0.7 and 1.0
- each NN bin divided into 5 mass bins
- separately for CC and CF

Highest sensitivity in

3 highest NN bins

0.97 < NN output < 0.987
0.987< NN output < 0.995
0.995< NN output <1

20



Short recap: Neural Net selection

1 . . . - CMU-CMU
We are using a CDF Il Prellmlnary.7fb1 — OMU.-OMX
2-dimensional selection:
« a Neural Net is used to
select B— utu--like

candidates, independent
of mass (8 bins)

& TR

. B, and B mass
windows are blinded (5
bins)

& , . oy iy TN ,' !;,f.‘ f'
. CC and CF mode ST g T

treated separately 0.7 075 0.8 0.85 09 095 1
NN Output



Background estimates

« Sources of background events
« Estimation methods

 Cross checks in control samples

22



Bsg— utw~ backgrounds, overview

1) Combinatoric backgrounds: )
 continuum w*w~ from Drell-Yan MC predicts a
+ double semileptonic bb — wtu~ X (= smooth M,,
distribution
* b/c — u + fake u (K,n)
_
2) Two-body hadronic B decays peaking in signal

« B— hh where h — fake u (K,x)  egion

23



1) Combinatoric background

Using our background dominated data sample, fit M,

to a linear function.

- use distributions of sideband events
with NN output >0.7

- only events with M ,>5 GeV used to
suppress contributions from b — puX

- slopes then fixed and normalization
determined for each NN bin

- systematic uncertainty determined by
studying effects of various fit functions

and fit ranges
» between 10-50%

CDF Il

Events / 20 MeV/c

Events / 20 MeV/c?

50
40
3
20
10

(=]

50
40
30
20
10

ok

Preliminary 7 b | CC,NN>07

Q + Sigpal £
+ + + region _i

:+ + + ]
T M
; ik
4.18 5 5.2 5.4 5.16 " 5;% Vi 2—]

.. [GeV/c

(IZF, NN>0.I7 ,

Signal E

region

5.2

5.4

5.6

5.8
M, [GeV/c?]
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Expected number of combinatoric
background events in the signal region

All uncertainties are included
B, signal window:

NN Bin CC CF
0.700 < NN < 0.970 | 129.24+6.5 146.3+7.0
0.970 < NN < 0.987 | 7.9+1.9 11.6+1.8
0.987 < NN < 0.995 | 4.0x1.1 3.3+1.0
0.995 < NN < 1.000 | 0.79+0.52  2.6%1.5

BO signal window:

NN Bin CC CF
0.700 < NN < 0.970 | 134.0+6.6 153.4+7.3
0.970 < NN < 0.987 | 8.2+2.0 12.1+1.9
0.987 < NN < 0.995 | 4.1+1.2 34+1.1
0.995 < NN < 1.000 | 0.8+0.5 2.8£1.6




2) Background from two-body hadronic B decays

Two-body B— hh decays where h produces a fake
muon can contribute to the background

» fake muons dominated by =t*, -, K*, K-

- fake rates are determined separately using D*-tagged
D — K" events

Estimate contribution to signal region by:

- take acceptance, M,,,, p+(h) from MC samples.
Normalizations derived from known branching fractions

» convolute p;(h) with p; and luminosity-dependent u-fake
rates. Double fake rate ~0.04%

26



Fake rates from D*-tagged D° — K" events

CDF Il Preliminary 7 fb™

RN LR LR R RN AR LR AR AR UARB AN LRRE RN IRRE RRRE RN LN RN LR
16000} central Fail K - 3 16000 Central Fail K * .

L 6.00 GeV/ 8.00 GeV/ : 6.00 GeV/ 8.00 GeV/
14000 [ evic<p T< evic 14000;_ eviesp T< evic -
12000f ] 12000F ]
Examp|e of DO  10000F N=61345 - 10000F s N=61733 ]
KS | 80001 E 8000F ]
pea S In One 6000F K- _ 6000;— K+ _
bin of pr, used 4000 ] 4000f ]
2000} ] 2000F .
to extract a p+ TSR AU N b
1.78 1.8 1.821.841.861.88 1.9 1.921.941.96 1.78 1.8 1.821.841.861.88 1.9 1.921.941.96
and Ium|n03|ty- mp, [GeVic?] mp, [GeVic?]

dependent fake Kaons passing muon selection:

+ 905"|"'|"'|"'|"'|"'|"'|"'""":' AR RN LN RN AR AR RARN RRRN LR RARNE
rate fOr K and 80:— Central Pass K ~ B 220;‘ Central Pass K * E
; 6.00 GeV/c<p T<8.00 GeVic 200;— 6.00 GeV/c<p T<8.00 GeVic —
K- 70F E 180F E
60F 3 160F E
3 N=313 ] 140} -
% ] 120} .
40¢ | K- 100f .
30F 3 80F :
- ] 60F .
20F 3 3 ]
: z 401 E
108 ¥ 20¢ :
0 1.78 1.8 1.821.841.861.88 1.9 1.921.941.96 0 1.78 1.8 1.821.841.861.88 1.9 1.921.941.96

m,, [GeV/c?] m,, [GeV/c?]



* Variations with p+
and luminosity are
taken into account

 Total systematic
uncertainty (due to
both muon legs)
dominated by
residual run-
dependence: ~35%

Muon fake rates

Fake Rate

Fake Rate

0.008
0.007

0.006}
0.005}
0.004}
0.003}
0.002f
0.001f

0.008
0.007}
0.006}
0.005}
0.004}
0.003}
0.002}
0.001f

CDF Il Preliminary 7 fb™

111 T™

-t & T

TR

2 4 6 8101214161820
P, [GeVi/c]

+.

2 4 6 8101214161820
P; [GeV/c]

Fake Rate

0,08 mrrrrremmrerreonee
o007t K
0.006}

0.005f .
0.004} 4 + :
0.003} +

0.002f
0.001f

246 8101214161820
P; [GeV/c]

Fake rate for
forward muons
(central muons
in backup):
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Expected number of B — hh
background events in the signal region

B, signal window:

10x smaller than

0.03+0.01 <€— combinatoric bkg

NN Bin CC CF
0.700 < NN < 0.970 0.03+0.01 0.01+ <0.01
0.970 < NN < 0.987 | 0.01+ <0.01 0.01+ <0.01
0.987 < NN < 0.995 | 0.02+ <0.01 0.01+ <0.01
0.995 < NN < 1.000 0.08+0.02

B, signal window:

NN Bin CC CF
0.700 < NN < 0.970 | 0.314+0.08 0.09+0.02
0.970 < NN < 0.987 | 0.13+0.03 0.05+0.01
0.987 < NN < 0.995 | 0.19+0.05 0.04+0.01
0.995 < NN < 1.000 | 0.724+0.20 0.20+0.05

Comparable to
4— combinatoric bkg
29



Cross checks of the total background prediction

Apply background model to statistically independent control
samples and compare result with observation. We have
investigated 2 groups of samples:

1) Control samples composed mainly of combinatorial
backgrounds
 OS-: utu- events with negative proper decay length
« SS+: loose pre-selection* and same sign muon pairs
« SS-: like SS+ but negative proper decay length

2) Control sample with significant contribution from B->hh
background
 FM-+: loose pre-selection and at least one muon fails
qguality requirements

* Loose pre-selection = p(u)>1.5 and p(un)> 4 GeV

30



Aside: The FM+ control sample

The FM+ control o CDFI Preliminary7fb'1_ P o]
sample has at least ¢ | ooof K"
one muon which fails ¢ £ oot ++
our muon quality §§§ :
requirements 003} ;'P ]

= need a different _E oo ¥

set of K/n fake T4 s 0zieie e MEER T

rates since the
muon |ID
requirements are
different than used
in the signal
sample. Same |
method as before g

Fake rate for
central muons
(FM+ selection)

Fake Rate

2 4 6 8101214161820

IS used Pr [GaVic]
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Result of background checks in control samples

Control Sample | Prediction  Nobs Prob(N>=Nobs)
OS- 2140.0+53.9 1999 98%
SS+ 19.7+£3.4 25 19%
SS- 46.815.3 53 25%
FM+ 567.8£25.4 593 24%
Sum 2774.3+£59.9 2670 91%

Shown are total number of events in all NN bins.
* “Prob(N>=Nobs)” is the Poisson probability for making
an observation at least as large given the predicted
background
v' Good agreement across all control samples.
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Full table of bkgd checks in control samples

cC %

CC Only’ see sample NN cut pred obsv prob(%)
backup for CF 0.700<NN<0.760 217.41(12.5) 203 777
0s- 0.760 < NN < 0.850 262.04(14.1) 213 99.1
G d t i t 0.850< NN < 0.900 117.94(8.6) 120 44.7
0.900< NN < 0.940 112.14(8.4) 116 39.4
00 agreemen IN MOS 0.940< NN < 0.970 112.74(8.4) 108 64.2
4 : 0.970< NN < 0.987 80.24(6.9) 75 68.3
sensitive NN bins 0987 <NN<0.995
. 0.995<NN<1.000 € 32.54(4.2) 35 37.5
v" now have sufficient 0T00<NN<0760 || —T0TTe" 50
. . SS+ 0.760 < NN < 0.850 3.34(1.0) 5 25.4
Conﬂdence N 0.850 << NN < 0.900 1.54:(0.7) 2 43.2
] ] 0.900< NN < 0.940 0.94(0.5) 1 56.8
0.940< NN < 0.970 1.24-(0.6) 1 65.9
baCkground eStImathn 0.970< NN < 0.987 1.54(0.7) 2 43.2
0.987 < NN < 0.995 ) Q 74.1
0.995< NN < 1.000 0.34(0.3) 0 74.1
0.700< NN <0.760 : : 23.7
SS- 0.760 < NN < 0.850 8.44(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 5l Q 22.3
0.995< NN < 1.000 0.34(0.3) 1 30.0
0.700<NN<0.760 . : 1.1
FM+ is rich in B->hh background. FM+ 0.760 < NN < 0.850 110.54(8.3) 121 22.3
R : 0.850< NN < 0.900 52.04(5.4) 37 96.3
Good agreement in highest NN bin 0.900< NN < 0.940 37.3+(4.5) 37 53.0
shows that we can accurate|y 0.940<<NN < 0.970 20.14(3.3) 20 52.3
: . 0.970< NN < 0.987 8.34(2.0) 6 77.1
predict this background 0.987 < NN < 0.995 87402 0) 2 97 5
0.995<NN<1.000 ¢ 20.84(3.5) 24 30.7

*if zero events are observed, “Prob(N>=Nobs)” is the Poisson probability for observing exactly 0 33



Signal efficiency

« Signal Acceptance
* Dimuon reconstruction efficiency
* Neural Net cut efficiency

* Relative normalization to B*

34



Signal efficiency

- Estimate total acceptance times efficiency for B,(BY)— u*u-

. olfotal . olrig . reco . NN
decaysas q, g, =, "€5° €5 &y

s S N s s

— ogs. geometric and kinematic acceptance of the triggered
events, from MC. Trigger performance checked with data

— g4;q° trigger efficiency for events within the acceptance,
from data

— €,0co. dimuon reconstruction efficiency (incl.baseline cuts)
for events that pass the trigger

— eMN: efficiency for B,(B%)— u*u- events to satisfy the NN
requirement
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Signal efficiency

- Estimate total acceptance times efficiency for B,(BY)— u*u-

. olfotal . olrig . reco . NN
decaysas q, g, =, "€5° €5 &y

s N N s s

— ogs. geometric and kinematic acceptance of the triggered
events, from MC. Trigger performance checked with data

— g4;q° trigger efficiency for events within the acceptance,

from data Focus for next few slides

— €,0co. dimuon reconstruction efficiency (incl.baseline cuts)
for events that pass the trigger

— eMN: efficiency for B,(B%)— u*u- events to satisfy the NN
requirement
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Signal efficiency

« Dimuon reconstruction efficiency €.,

— €aco 1S Product of

« drift chamber track reconstruction efficiency, muon
reconstruction efficiency, and vertex detector efficiency
— Measured in the data using JAp — uu and D* tagged D% — Kn
decays
— Muons identified using muon likelihood and track dE/dx cut

- Neural Network Cut Efficiency eNN oo preiminary 710

CC+CF sideband sample

— SNN extracted USing Signal MC S CC+CF signal MC sample
* e.g. eyny(NN>0.7)=0.95
— Systematic uncertainty based
on difference between NN
efficiency in B* MC and data
* total: ~6% uncertainty

Entries/0.01

—i
=]
\V]

—
Q
w

(see next slide for detail) 0 02 04 06 08 1

NN output
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Neural Network Cut Efficiencies-
some more detall

CDF Il Preliminary 7 fb™ CcC
100000 T — E
« Compare the NN output i ]
efficiency between 10000 CC E
- B+ MC and 1000;_ _———:
— sideband subtracted B* - I
data 100 %ﬂ*ﬁqﬁgmﬁ;ﬂm’ < _;
- average 4.6% difference ¢ 0z o4 esop 1
IS assigned as a oF
systematic uncertainty T — eoamme ]
10000 - Data SB subtracted =
i CF
v This shows that we can .| - 3
1001+ + i
accurately model our NN s :
output efficiency 1 ‘
o oz o4 05 o 1
NN Output
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Relative normalization to B*— JhpK*

- We use B*— JApK* decays as a normalization mode
» decays very similar, many systematic uncertainties cancel

» Expression for B* signal efficiency same as for B, except
° € includes additional K reconstruction efficiency, excludes NN

reco
total
BR(B;)(d) %u*u’) _ ]\]]\I;sw) . a,. . gf};l . N}v LBR(B+ — J/WK* %M+M_K+)
B* aBS(d) By (a) EBs(d) J
Relative uncertainties (stat.+syst.) in parenthesis
cC CF
(gt /aB,) 0.307 £ 0.018 (£6%) 0.197 £ 0.014 (£7%)
(egf/eg;g) 0.99935 =+ 0.00012 (< 1%) 0.97974 =+ 0.00016 (< 1%)
(€r5°/ e5c°) 0.85 4 0.06 (£8%) 0.84 4 0.06 (49%)
egév(NN > 0.70) 0.915 + 0.042 (+4%) 0.864 + 0.040 (+£4%)
egév(NN > 0.995) 0.461 + 0.021 (£5%) 0.468 + 0.022 (£5%)
Ngy 22388 + 196 (£1%) 9943 + 138 (+1%)
fu/fs 3.59 4+ 0.37 (£+13%) 3.59 4 0.37 (+13%)
BR(BY — J/ykT — ptp—kt) (6.01 4+ 0.21) x 10—° (£4%) | (6.01 + 0.21) x 107> (£4%)
| SES (All bins) | (2.9+0.5) x 10~° (£18%) | (4.04+0.7) x 109 (£18%) |

Single Event Sensitivity, for the sum of all NN bins, CC+CF, corresponds to an
expected number of SM B,— uru- events of N(B.— uru-) = 1.9 in 7pb
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Expected numbers of background and
“SM signal” events (B,)

CC only

NN Bin enyv. B—hh Bkg  Total Bkg  Exp SM Signal

0.700 < NN < 0.970 | 20% 0.03 129.24-+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 3.95+0.89 0.164+0.03
0.995 < NN < 1.000 | 46% 0.08 0.79+0.40 0.59+40.11
CF only
NN Bin env'. B—hh Bkg  Total Bkg  Exp SM Signal
0.700 < NN < 0.970 | 21% 0.01 146.29+7.00 0.1940.04
0.970 < NN < 0.987 | 10% 0.01 11.57+1.57 0.09+0.02
0.987 < NN < 0.995 | 8% 0.01 3.254+0.82 0.08+0.01
0.995 < NN < 1.000 | 46% 0.03 2.64+0.74 0.43+0.08
*

NN signal efficiency



Expected limits

BR(B,—utu-) < 1.5x107% @ 95%CL
BR(B’—u*tu-) <4.6x107° @ 95%CL

95% CL Limits on B(B, — uu)

Significant improvement in 1000 —
sensitivity over all previous 400 9% CL Upper Limi
PRD 57 (1998) 3811 (. OCDF Expected
analyses o ADD Expected
o
- 100 PRL93(2004)032001O*i.iLiHini ——
; APRL 94 (2005) (‘)71‘80‘2
For BR B —utu— . g [ PRD‘76‘(2‘007)W
( S M M ) 8 PRL95(2005|)221805% 292001 o
Expected Observed « ™ O Pl Nt e 7 PLB 693 (2010)
> M PRL 100 (2008) :1‘011‘5302@*?3;,,,
— PLB 699 (2011) T CDF Public Note 9892/()
2.0fb1:49%x108 58x108 £  [=o I
e 0
E 1 CDF (2011)
3.7fb1:3.4x108 4.4x10° @
o e | e o ] | | | o |
1 8 Standard Model Expectation \
7 fot 11.5%10 TR
10 100 1000 10000

Luminosity (pb-") 41



Opening “the box”
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B.— w*u~ search: opening the box

o . -=— CMU-CMU . -1
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CC only
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CF only
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Focus on BY signal window first
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B° signal window, comparison of observation and
background prediction

CC, CF

. ] 070<v_ <0.76 0.76 <v_<0.85 0.85<v,<0.90 090<v, <094 [
combined ; * * * * :

20+ § i , _
Emm“ W E

154

hE W *L:L\:\"_'_'+- Dark hatched

P V\\\Q_ band shows
] I~ uncertainty

0 ] | | 1 1 1 | 1 | | | | | | 1 1 1 1 1 | . I
on the mean
1 084<v,<097 0.97 <v,, <0.987 0.987 <v, <0.995 v, >0.995
‘ background

] Background [ prediction
AN SRR I
54 . -
1 AR \\\f\ﬁ . N [
0 | IR T T TN T N T M SN \1 L ) P T I o sl “l“l“_‘:‘_"

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

M. (MeV/c?)

candidates / 24 MeV/c?

Data and background expectation are in good agreement o



B° signal window, comparison of observation and
background prediction

3 highest NN bins

0.987 <v, < 0.995

CC only

CC o70<v, <097

087 <v,<0.987 v, >0.995

B —utw

TMAEANTIN -
NN NN i

| | 1 1 1 11 [ | [ T | P S Tl A S RS S (RN N |

x 0.2

3/ 24 MeV/c?

CFonly:? °® -
y 5 8 CF o070 <v,<0.97 097 <v,<0.987 0.887 <v, <0.895 v, >0.995 -
d b

2, '
Background -

I 9 -

o Z

4 5

AN NN

AP D A0 D SR SN SYSINNW

5231 5279 5327 5231 5279 5327 5231 52789 5327 5231 5279 5327

M, (MeV/c®)
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B° signal window, comparison of observation and

background prediction

3 most sensitive NN bins only

CC only CC Mass bins [GeV/cz]
NN Bins 5.219-5.243 5.243-5.267 5.267-5.291 5.291-5.315 5.315-5.339
0.970<<NN <0.987 Exp 3.0040.65 2.9740.64 2.931+0.64 2.90+0.63 2.864-0.62
Obs 2 3 - 3 -
0.987 <<NN <0.995 Exp 0.90+0.28 0.8940.28 0.8640.27 0.844-0.27 0.8140.27
Obs 3 2 1 0 1
0.995<<NN <1.000 Exp 0.404-0.21 0.381+0.20 0.3240.17 0.254-0.15 0.2040.14
Obs 1 1 1 0 1
CF only o
0.970<<NN <0.987 Exp 2.5040.59 2.4740.58 2.444-0.58 2.4040.57 2.3740.56
Obs 1 - 3 1 2
0.987<<NN <0.995 Exp 0.71+0.25 0.704-0.25 0.69+0.25 0.6814-0.24 0.671+0.24
Obs - 0 1 0 1
0.995<<NN<1.000 Exp 0.6240.42 0.62+0.42 0.60+40.41 0.5740.40 0.55+0.39
Obs 1 0 0 0 1

Data and background expectation are in good agreement




B%— u*u- search, observed limit

We set a limit (using CLs method) of

BR(BO = M+M_) < 6.0 X 1()_9 CDF Il Preliminary 7 fb™
at 95% C.L. 209

- world’s best limit

- consistent with the expected limit
BR(B°— u*tu-)< 4.6x10°

Compare to the SM BR calculation of

BR(B’* - u'u)=1.0+0.1)x10"
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Determination of the p-value

Ensemble of background-only pseudo-experiments is used to
determine a p-value for a given hypothesis

» for each pseudo-experiment, we do two

fits and form the log-likelihood ratio Log Likelihood Distribution
_ L(s+ b | data) of pseudo-experiments
2In(Q) with 0= L(b | data) for background-only hypothesis

for BO— utu- signal window
* in the denominator, the “signal” is fixed to

. - _1
zero (l.e. we assume background only), and CDF Il Preliminary 7 fb
0

_ — BkgOnlymc ' 1]
in the numerator s floats £ 40—  Data 1
* L (h|x) is the product of Poisson g o
probabilities over all NN and mass bins 5 10°¢ aHH E
O 4l ]
T 107 p-value=23.3%
- systematic uncertainties included as @ 10%
nuisance parameters, modeled as 10%
Gaussian. 10:
5 R
. 0 5 10 15 20 25
Result: the p-value for the Tost Statistie [21n(Q)]

background-only hypothesis is 23.3% 51



B, signal window
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Data in B, signal window
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N )
o 67 VTR
S :\\\\\\\ o~ BS_>u w
O 4]
=
N 2] x0.2 L
N 27 MINIIN
PR 3 SO T
O 0
© |CF o70<v, <097 097<v <0987 | 0987<v, <0995 v, > 0.995
S 104
© )
c . Background
m -
O

. W W +Signal (SM)

x 0.2 \\ \\ \ N
O. P TR T TR T WO O T 1 S S5 s S ) S|
5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418

m,, (MeV/c?)

53



B, signal window, comparison of observation and
background prediction

Shown is the total expected background and total uncertainty,

as well as number of observed events

CC

Mass bins [GeV/cz]

NN Bins 5310-5334 53345358 53585382 53825406  5.406-5.430
0.970<NN<0.987  Exp 1.62+0.49 1.6+0.48 1.58+0.47 1.57+0.47 1.55+0.46
Obs 1 4 7 1 3
0.987 < NN <0.995 Exp 0.82+0.27 0.8+0.27 0.7940.26 0.7840.26 0.7840.26
Obs 1 1 3 0 0
0.995<NN<1.000  Exp 0.2140.14 0.1840.13 0.164-0.12 0.1640.12 0.16+0.12
Obs 0 1 2 0 1
CF
0.970<NN<0.987  Exp 2.3810.56 2.3410.55 2.31+0.54 2.2810.54 2251053
Obs 1 4 3 1 2
0.987<NN<0.995  Exp 0.6740.24 0.66+0.24 0.654-0.24 0.64+40.23 0.63+0.22
Obs 1 1 0 1 0
0.995<NN<1.000  Exp 0.564-0.39 0.544-0.38 0.534-0.38 0.52+0.37 0.514+0.36
Obs 1 1 0 1 1

Observe an excess, concentrated in the 3 highest NN bins
of the CC sample, over background expectation
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B.— w*u- search, observed limit

Using the CLs method, we observe

CDF Il Preliminary 7 fb™
—

o 1T—
BR(B,— wtu-)< 4.0x10-8 S09
0.8 3
at 95% C.L. 0.7; :
0.6} -

» Compare to the expected limit 05
BR(B°— utu-)< 1.5x10-8 g'; -
0.2 -
* outside the 20 consistency 0.1 1
A R BT ‘..1“‘X10-9

band % 10 20 30_ a0 s0
BR(B,~ u* 1)

Need statistical interpretation of the observed excess:
« what is the level of inconsistency with the background?

» what does a fit to the data in the B, search window yield?
95



Statistical Interpretation
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P value for background-only hypothesis

Log Likelihood Distribution
of pseudo-experiments
for background hypothesis

Observed p-value: 0.27%.

CDF Il Preliminary 7 fb™

_ [7) 10— I
This corresponds to a 2.80 E g7/ BkaOnly ;
discrepancy with a £ f

g 9% data
background-only null 2 ol |
. . Q i -
hypothesis (one-sided S 100l o-value=0.27%
. = 8 E
gaussian) 2 0%
o ;
102 E
10} .
1t TN

0 5 10 15 20 25
Test Statistic [2In(Q)]
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Fit to the data in the B, search window

Using the log-likelihood fit described before, we set the first
two-sided limit of B;.— u*u- decay

46x10” <BR(B, = u'u’)<39x10"° @90% C.L.

CDF Il Preliminary 7fb”

- 90% Bound /
% 68% Bound /

BR(B, = w'i)=(32+02)x10"° osicismsmgsgnss

- :
BR(B,— u"u

Our central value is 3

BR(B, = u'u’) =18, x107

Compare to SM calculation of

(=] - N w s (3] O?‘
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candidates / 24 MeV/c?

Data in B, signal window

CCogs4<v, <097| 097<v, <0987 | 0987 <v, <0995 v, >0.995

rrryrroyrrrryTrrTTTY

1CF o094<v, <097| 097<v,<0987 | 0987<v,<0.995 v, > 0.995
10+
Background

T s

1 +Signal (SMx5.6)

P————

1 | | L TW‘N“P‘

5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418

M. (MeV/c?)
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Consistency with the SM prediction
of B,—u*u~ decays

reminder: SM prediction: BR(B,— u*u~)=(3.2+0.2)x 10

A. J. Buras et al., JHEP 1010:009,2010

If we include the SM BR(B,— u*u) in

the background hypothesis, we

observe a p-value of 1.9%

taking into account the small theoretical
uncertainty on the SM prediction by
assuming +1o: p-value: 2.1%

Pseudoexperiments

“Background” hypothesis
now includes the SM
expectation of BR(B—uu)

10°

10°H

102}

CDF Il Preliminary 7 fb"

|—  SM+Bkg MC A
103:

10

L L O e | [T

— Data

B,— utw

p-value=1.92%

il

0 2 46 8 10 12 14 16 18
Test Statistic [2In(Q)]
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Cross Checks
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Fit to the data: cross checks

Use Bayesian binned likelihood CDF Il Preliminary 7 fb™

T T '
i == 68% Bound
technique 90% Boung -

e assumes a flat prior for BR>0

* integrates over all sources of
systematic uncertainty
assuming gaussian priors

 best fit value taken at maximum,
uncertainty taken as shortest
interval containing 68% of the
integral.

Posterior Probability Density

biiiibias A Ix10°

0 10 20 30 40 50 6 70 80
B —uu’

Best fit to the data yields almost identical results as before

BR(B, = u'u’)=1.8",x107
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A closer look at the data

B, signal window, CC and CF separate
e excess observed in CC Showing only the most sensitive 4 highest NN

muons bins
g]CC 092y <097l 097<v, <0987 | 0987<v, <0985 v, >0.995 a
* in most sensitive NN IS NIV
. . . [} L
bin: data looks signal-like = |
Q¥ b
fqg . L Ll _
e See a fIUCtuathn in ém-‘ CF 094<v,<097| 097<v,<0987 | 0987<v, <0.995 v, >0.995
0_97<NN<O_987— § ] -B:ckgrousnd
. . ngn . _: +Signal (SMx5.6) [
little signal sensitivity AN
in thiS bin. oY S S T N T S T T - A A A N S

5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418

M. (MeV/c?)
Does the fluctuation in this bin drive the result?

Check how the answer changes if we only look at the two
highest NN bins..
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Fit to the data,
only considering the 2 highest NN bins

- Background-only hypothesis:

CDF Il Preliminary 7 fb™

Observed p-value: 0.66% 1O oy T
(compare to 0.27%) :gsé
10°} |

- Background + SM hypothesis:
Observed p-value: 4.1%
(compare to 1.9%)

p-value=0.66% -

Pseudoexperiments

« Conclusion: “fluctuation” in the |
lower sensitivity bin adds to the 0 5 10 15 20 25
observed discrepancy, but is not Test Statistic [2In(Q)]
the driving contribution.
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Residual B — hh background

The number of residual B — hh events are very small. E.g. for
the highest NN bins:

CC CF
B, signal window |0.08+0.2 0.03+0.01
B? signal window |0.72+0.2 0.2+0.05

Factor 10 higher contribution in B signal window because
B — hh peaks closer to the B® mass
* and we see no excess over the prediction in the B® signal window

Predicted total events  observed Prob.(%)

We Carefully checked our 0.700<< NN << 0.760 118.34-(8.6) 136 11.1
dicti . ol : 0.760 < NN < 0.850 110.54(8.3) 121 22.3
predictions In a control region 0.850< NN < 0.900 52.04(5.4) 37 96.3
enhanced in B — hh decays 0.900<<NN < 0.940 37.34(4.5) 37 53.0
FM+ | £l i 0.940< NN < 0.970 20.14-(3.3) 20 52.3
( sampie, at least one 0.970< NN < 0.987 8.34-(2.0) 6 77.1
“muon” has to fail our muon 0.987 << NN < 0.995 8.74:(2.0) 3 97.5
0.995< NN < 1.000 20.84-(3.5) 24 30.7

selection)
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Observation in FM+ sample,

highest NN bins

In our highest NN bin we
clearly select B — hh
and can predict it
accurately with our
background estimate
method.

CDF Il Preliminary 7 fb™ FM+ CC, 0.940<NN<0.970

Hilin

.8 5 5.2 54 5.6 5.8
Mp*pe

C!_siw-htha,

E-N

CDF Il Preliminary 7 fb'  FM+ CC, 0.970<NN<0.987
+, £1:1

L 1
5.2 5.4 5.6 5.8
Mp* e

>
5F
3]

Q‘NthIG)
__._
+

CDF Il Preliminary 7 fb™ FM+ CC, 0.987<NN<0.995

E~




Summary- Cross checks

We have performed cross checks (some shown in the backup
slides) to confirm that

v'The results are stable w.r.t. variations in error shape assumptions

* have compared poisson to gaussian statistics for shapes of systematic
uncertainties

v'The results are independent of the statistical treatment

» we get the same answers using Bayesian and Likelihood fit
v'The results are not driven by a fluctuation that is observed in the 3rd
highest NN bin

* somewhat smaller significance when the 3rd highest NN bin is excluded

v'The excess is not from B—hh
 0.08 residual events, carefully checked modeling
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Conclusions

We see an excess over the background-only expectation in the

B, signal region and have set the first two-sided bounds on
BR(Bs— uru)

46x10” <BR(B, = u*u) <3.9x10"at90% C.L.

A fit to the data, including all uncertainties, yields

BR(B, —» u'u)=18%,x10"

-0.9

Data in the B? search window are consistent with background
expectation, and the world’s best limit is extracted..

BR(B’ = u'u) <6.0(5.0)x107”at95%(90%)C .L.
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Conclusions

- Although of moderate statistical significance, this may be the
first sign of a B,—u*u- signal

- great interest in this decay because of its excellent
sensitivity to NP

* Maybe the first glimpse of exciting times ahead?

Archive: http://arxiv.org/abs/1107.2304, Fermilab-Pub-11-315-E

Public web page:
[cdfiwww/physics/new/bottom/110707.blessed-BsdZ2mumu

Since we posted our result on Tuesday, we've had a lot of

feedback from Theorists (see next slides)
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First email we received:

“Yeeeeeeeeeees! Just as | predicted!”
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Interpretation in an MSUGRA model

mO/m1/2 plane In a mSUGRA/CMSSM, tan =50, Ay=0, n>0

MSUGRA
interpretation with
tanp=50

B. Dutta, Y.Mimura, Y.
Santoso

Green: Region
preferred by B,— utu-
90% range

Dashed green: point
measurement

1000 1500

EXCIUded by mq;2 [GeV]
(aRare B decay b — sy

o CDM candidate
o EWSB




More Interpretations

Updated plot from
Altmannshofer, Buras,
Gori, Paradisi, Straub,
Nucl.Phys.B830:17-
94,2010 (arXiv:0909.1333)

correlation between
BR(B,— utw~) and the
CP violating phase in
Bs mixing in a SUSY
model from

Agashe, Carone
Phys.Rev. D68 (2003)
035017 (hep-
ph/0304229).

~~
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Y(ps™)

SuUsS
DP

IAM, |

U.Nierste, H.Logan: New two-
sided limit excludes a significant

More Interpretations

portion of the allowed

parameter space for tanf and
M,,. in a two-Higgs Doublet
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Data in B, signal window
CC and CF combined
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Data in BO signal window

1CCo94<v, <097| 097<v <0987 | 0987 <v, <0995 v, >0.995
10 -
b - [
= 0 +
2 5- pre
& 1 N NN S i
~ ] 3 S D CW
8 0 el NN ‘ ' ~ R
§ ]CF 094<v, <097| 097<v,<0987 | 0987<v, <0995 v, >0.995 .
=2 104 :
D - -
% Background !
o -
o 1
5 i
TR R S e I
. RN W !
0 1 I I 1 . N NP ORRNNRRRNNRRN ’_

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

M. (MeV/c?)

79



The Neural Net: validation and checks

Test if Neural Net introduces a selection bias

- to check if NN is “overtraining” on features of sideband data we divide
the sideband data into training and testing samples
v'variations in relative sample size have no effect

- to check for mass bias we train NN output in bins of dimuon invariant
mass

v'observe no mass bias

- train NN on inner and outer sideband events, checking for mass bias
v'observe no difference

0.36 CDF Preliminary 7 fb’

10"
| s |
g S107¢
- Pttt Ty b B i et (2]
5 byt o)
= =, 3
L 1 3
=0.32 LICJ 07k
10 . -
5 | N S R TR K E [ | I | =
48 5 52 54 56 58 0O 02 04 06 08 1
M

. (GeV/cd) NN output 80
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The Neural Net: validation and checks

Where does the increase at large NN output come from?
- caused by low mass events (<5 GeV) from partially reconstructed
b — uuX decays.
- to check if the training is affected by these events we repeated it using
upper sideband events only
v"No change in NN output efficiencies

e | CDF Preliminary 7 fb™
; NN trained on SB data (default) - —— CC sideband sample
CC’ NN trained on upper SB only i e CC signal MC sample
G2 o107
m 0.15} B : :_::
yo) 0.1 i @ L |
g 1|- 0.0s} /j =1 0-2 i ]
9 LLl __I_,"_--" ]
()] ® 10 20 30 40 50 o ]
& 3 )
Mmool - 10 | ]
0 20 40 60 80 O 02 04 06 O. 1

Signal Efficiency (%) NN output 81



* Variations with p+
and luminosity are
taken into account

 Total systematic
uncertainty (due to
both muon legs)
dominated by
residual run-
dependence: ~35%

Muon fake rates

Fake Rate

Fake Rate

0.025
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Fake rate for
Central muons
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Full table of bkgd checks in control samples

CF only

CF

sample NN cut pred obsv prob(%)
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 < 0.987 92.84(7.4) 89 63.0
0.987<<NN < 0.995 45 14.0
0.995 < NN < 1.000 8.34(4.5) 37 2
0.700<<NN <0.760 0. vy T 30.0

SS+ 0.760 < NN < 0.850 4.24(1.1) 4 57.8
0.850<<NN < 0.900 0.34(0.3) 3 1.3
0.900< NN < 0.940 0.64(0.4) 1 45.4
0.940<<NN <0.970 0.94:(0.5) 1 56.8
0.970< NN < 0.987 0.64(0.4) 0 54.9
0.987<<NN < 0.995 0.5 ) il 60.1
0.995<NN<1.000 || €03+(0.3) 1 350
0.700< NN < 0.760 EWsacey 4 57.8

SS- 0.760 < NN < 0.850 5.14(1.2) 7 27.1
0.850<<NN < 0.900 2.74(0.9) 2 71.0
0.900< NN < 0.940 0.94(0.5) 4 2.8
0.940<<NN < 0.970 3.04(0.9) 1 g92.3
0.970< NN < 0.987 2.44(0.8) 5 12.2
0.987<<NN < 0.995 - 5 8
0.995<<NN<Z1.000
0.700<<NN < 0.760 . .0 .

FM+ 0.760 < NN < 0.850 66.34(6.2) 57 83.1
0.850<<NN < 0.900 33.74(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 < 0.987 5.34(1.7) 9 13.4
0.987<<NN < 0.995 ) 2 49.3
0.995<NN<1.000 || 2.14(1.0) 8 0.7

*if zero events are observed, “Prob(N>=Nobs)”

is the Poisson probability for observing exactly 0 g3
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Neural Network Cut Efficiencies-
some more detail on the systematic uncertainty

« Observed differences between B* data and MC simulation, resulting in a

4% systematic uncertainty
CDF ] Prellmmary 71b’

F ] £14000f — &'~ uwkme £ 4500F ! £ 8000 T
510000 3 12000l —— Data SB subtracted g 4000f 1 S 700
@ 8000 - W 3500p W 600 -
10000 3000 500
6000} 8000 2500f 400
{ 6000 2000F
4000 ] 300
4000 1500
i 1000 200
500F 100 E
0510 15 20 25 %226 8 101214 % 5101520253 920506070809 1

3 0
p,(B) [GeV/c] Isolation

» Observed difference in NN cut efficiency between B* data and MC
simulation: average 4.6% difference

P 1 High [GeV/c] P 1 Low [GeV/c]

CC CF

NN cut Data MC Diff Data MC Diff
NN>0.90 0.648+£0.003 0.6661+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 | 0.574%0.005 0.583+0.005 0.007
NN>0.96 0.5444+0.003 0.561+0.004 0.015 | 0.550%0.005 0.562+0.005 0.012
NN>0.97 0.514+0.003 0.5304+0.004 0.016 | 0.515+0.005 0.530£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 0.3921+0.003  0.406+0.004 0.014 | 0.356+0.005 0.380+0.005 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 0.3121+0.004 0.008 | 0.2994+0.005 0.319£0.005 0.020
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Relative normalization to B*— J/hpK+:

systematics
+ - N d A gm’fal 1 + + + -+
BR(BL?(d)%‘u‘u)= NB“‘“- iy~ alle -f”‘-BR(B — J/WK" = u"u K")
B* aBs(d) B (a) ngw) s

...
£ =0.307 £0.0018(star) = 0.018(syst)

€ .
B —(.849 = 0.06(stat) £ 0.007(syst)

Systematic uncertainties include:

varying fragm. functions, renormalization and factorization scale, and
the B-meson masses

kinematic differences between B, and J/i decays, estimated using
Jhp data.

Kaon efficiency, B* vertex probability cut, estimated in data.
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LHCb and CMS/Atlas in 2011- projections

. . . . B.~u'u- exclusion @ 95% CL
Giampiero Mancinelli 0 ir" T % CL exioton
tanf} vs m, plane: {§9% 20 3
- 60p . projection from]
s x10® 37pb~ @ Vs=7 TeV
50: »;
4o§ g 6x10°
30% S PRED.
“F 380 pb-!
10: 00 R Z‘L 06 08 P 12 ‘14 1‘6 8 2
of: 37 pb* 1 fb?
M, [GeV/c’] 200 pb
Experiment N sig N bkg 90% CL limit
ATLAS (10 fb™") | 5.7 evts 14717 evts -
o(bb) = 500ub (only bb— pp)
CMS (1 fb') | 2.36 evts 6.53 evts 1.6 x 1078 (official)
o(bb) = 500ub (2.5 bb— pp) ~ 1.0 x 1078 (LHCb MF est.)
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Validation of the “miniskirt” data

CDF Il Preliminary 7 fb™
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Validation of the “COT-spacer”

51“0 rrr|irrrrJyrrrrJyrrrrrrrrrrrrr
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B, signal window, number of expected SM events

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 0.0154+ 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
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NN: Discriminating variables

Rank Variable
1 AN
2 Isolation
3 Larger |do(p)]
4 do(BY)]
3 Lz(l/ﬁl@d
6 X
7 Lag
8 Lower pp ()
9 Significance of smaller |dq ()
10 /\3(1/(7/\3(1
11 A\,
12 Smaller |do ()|
13 Aa,,

14 Significance of larger |do()]




Full table of expected and observed data

Mass Bin (GeV) | 5.310-5.334  5.334-5.358  5.358-5.382  5.382-5.406  5.406-5.430 | Total
UU NN bin Exp Bkg 8.38+0.62 8.27+0.61 8.17+0.59 8.07+0.58 7.97+0.56 40.86
0.7-0.76 Obs 9 6 7 2 5 29
UU NN bin Exp Bkg 7.83+0.62 7.81+0.6 7.79+0.59 7.77£0.57 7.75+0.56 38.96
0.76-0.85 Obs 9 6 11 12 6 44
UU NN bin Exp Bkg 3.23+0.43 3.22+0.41 3.21£0.4 3.2+0.39 3.19+0.37 16.05
0.85-0.9 Obs 5 6 2 5 4 22
UU NN bin Exp Bkg 3.6x0.46 3.56+0.44 3.5240.42 3.48+0.41 3.44%0.39 17.59
0.9-0.94 Obs 4 5 4 5 9 27
UU NN bin Exp Bkg 3.0+£0.4 2.96+0.38 2.91£0.37 2.87+0.36 2.83%£0.35 14.58
0.94-0.97 Obs 4 4 2 3 3 16
UU NN bin Exp Bkg 1.65+0.28 1.63+0.27 1.61+0.26 1.59+0.26 1.57+0.25 8.05
0.97-0.987 Obs 1 5 7 1 3 17
UU NN bin Exp Bkg 0.96+0.2 0.93%+0.19 0.91+0.19 0.89£0.18 0.87£0.18 4.55
0.987-0.995 Obs 1 1 3 0 0 5
UU NN bin Exp Bkg 0.26+0.08 0.2240.08 0.2+0.07 0.19+0.07 0.18+0.07 1.03
0.995-1 Obs 0 1 2 0 1 4
UX NN bin Exp Bkg 8.74+0.63 8.61%0.61 8.48+0.6 8.35+£0.58 8.22+0.57 42.39
0.7-0.76 Obs 8 13 9 9 9 48
UX NN bin Exp Bkg 9.65+0.66 9.5240.64 9.38+0.62 9.24£0.61 9.1+0.6 46.89
0.76-0.85 Obs 7 8 7 11 4 37
UX NN bin Exp Bkg 5.07£0.5 4.99+0.49 4.921+0.47 4.841+0.46 4.76+0.44 24.59
0.85-0.9 Obs 1 5 6 3 5 20
UX NN bin Exp Bkg 3.92+0.47 3.87+0.45 3.8240.43 3.76£0.42 3.71£0.4 19.08
0.9-0.94 Obs 4 1 6 3 3 17
UX NN bin Exp Bkg 2.65+0.37 2.67+0.36 2.69+0.35 2.71£0.34 2.74+0.34 13.46
0.94-0.97 Obs 0 5 3 4 5 17
UX NN bin Exp Bkg 2.4+0.34 2.37+0.33 2.34+0.32 2.3£0.31 2.27+0.3 11.68
0.97-0.987 Obs 1 4 3 1 2 11
UX NN bin Exp Bkg 0.54+0.16 0.54%0.15 0.55+0.15 0.55£0.15 0.56+0.15 2.74
0.987-0.995 Obs 1 1 0 1 0 3
UX NN bin Exp Bkg 0.83%£0.0 0.78+0.0 0.75£0.0 0.71£0.0 0.68+0.0 3.75
0.995-1 Obs 1 1 0 1 1 4
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Muon Detectors

Muon Detectors
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Cross checks of B — hh

pr dependence of fake rate will bias B->hh candidates that
survive the muon selection. Will this affect the NN output

distribution, e.g. resulting in a bias to high NN output?
CC only (see backup for CF)

— hh
1h—  up ki
NN output distribution of the | m - o wK -
signal simulation is s
compared before and after 107 Op
applying the pt dependent 0.7 0.75 0.80.850.9(:&?"%‘:'( 0.70.750.80.850.9%?15011
fake rate. No difference is _
observed. it f 1t
K - K'’K -
107t -~ - 107F - 1
10?2 sl 10° el
0.70.75 0.8 0.85 0.9 0.95 1 0.7 0.75 0.8 0.85 0.9 0.95 1
NNOut NNOut
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