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Bs (B0)→ µ+µ− : 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(Bs→ µ+µ−)=(3.2±0.2)×10-9

   BR(B0→ µ+µ−)=(1.0±0.1)×10-10

       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).
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Probing New Physics  

Examples of NP models:
• Loop: MSSM, mSUGRA

– Rate prop. to tan6β, 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
– modest NP contributions to BR(Bs→ µ+µ−)

MSSM

All NP models with new scalar operators predict enhancement.
In NP models without new scalar operators,
BR(Bs→ µ+µ−)>10−8 are unlikely
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• “Smoking gun” of some Flavor Violating
NP models:
– ratio BR(Bs→ µ+µ−)/ BR(B0→ µ+µ−)  highly

informative about whether NP violates flavor
significantly or not

– clear correlation between CP violating mixing
phase from Bs→ J/ψφ and BR(Bs→ µ+µ−) 

• Important complementarity with direct
searches at Tevatron and LHC
– Indirect searches can access even higher mass

scales than LHC COM energies

New bounds on BR(B0→ µ+µ−) and BR(Bs→ µ+µ−) are of crucial
importance, and are a top priority at the Tevatron and LHC.

Altmannshofer, Buras, Gori, Paradisi, Straub, 
Nucl.Phys.B830:17-94,2010

Probing New Physics  



5

Plenary talk
A.Buras, Beauty 2011:

Probing New Physics  
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Experimental Status

       6.1 fb-1:
BR(Bs→ µ+µ−)<5.1 x10-8

PLB 693 539 (2010)

         3.7 fb-1:
BR(Bs→ µ+µ−) <4.3 x10-8

BR(B0→ µ+µ−) <7.6 x10-9

public note 9892

           37pb-1:
BR(Bs→ µ+µ−) < 5.6 x 10-8

BR(B0→ µ+µ−) < 15 x 10-9

PLB 699, 330 (2011)

All limits quoted @95% C.L.

DD
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Analysis overview

• Data collected using dimuon trigger, 7 fb-1

• Loose pre-selection identifies Bs and B+ search samples
– B+→ J/ψK+ → µ+µ-K is used as a normalization mode to suppress common

systematic uncertainties

• S/N for the Bs(B0) 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(Bs(B0)→ µ+µ−) is determined relative to the B+→ J/ψΚ+ rate after
correcting for relative trigger and reconstruction efficiencies extracted from

     data (when possible) and simulation.

• Can search for B0
 and Bs → µ+µ− decays separately

– dimuon mass resolution ~24 MeV < MBs - MB0
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Trigger
Data collected using dimuon trigger
• “CC”:

– 2 central muons
   “CMU”, |η|<0.6,
– pT>1.5 GeV
– 2.7<Mµµ<6.0 GeV
– pT(µ)+ pT(µ) >4 GeV

• “CF”:
– one central, one forward muon
    “CMX”, 0.6<|η|<1.0
– pT>2 GeV
– other cuts same as above

Trigger efficiency same for muons from J/ψ or Bs
(for muon of a given pT)
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Improvements over previous Bs(B0)→ µ+µ− result
from CDF

• Using twice the integrated luminosity (7 fb-1)
• 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”)
• Analysis improvements include an improved NN discriminant

    Central muons
(CMU)

    Forward muons
(CMX) including
“miniskirts”
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“Blind” search region

• Search region: 5.169<Mµµ<5.469 GeV
– corresponds to ±6×σm, where σm≈24MeV (2-track invariant mass

resolution)

• Sideband regions: additional 0.5 GeV on either side
– Used to understand background

MC simulation of
Bs and B0→ µ+µ− 
mass peaks
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Isolation =
all tracks within a cone of R=1 around
pT(µµ) considered

Samples of candidate B+ and Bs(B0) decays pass track quality
cuts and are constrained to a common 3D vertex. We apply
loose baseline cuts on:

Pre-selection variables

- isolation of B candidate
  and pointing angle (ΔΩ)

- transverse momentum of
  candidate B and muon
  tracks

- significance of proper
  decay time

- invariant mass

! 

pT (µµ)

pT (tracks) + pT (µµ)"
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 B+→ J/ψΚ → µ+µ−Κ,
 ~30k candidates.

In addition to baseline cuts,
B+ sample passes

- J/ψ mass constraint for
  dimuons
- K quality cuts, and
  K and J/ψ constrained to
  common vertex

Pre-selection: B+ normalization sample
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 Bs(B0) search sample,
~100k candidates

Pre-selection: Bs(B0) search samples



14

Signal selection

• Discriminating variables

• Neural Network
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Bs(B0) Signal vs. Background

Assuming SM production, we expect ~2 events at this stage.
Need to reduce background by ~105!

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

Backgrounds
- Sequential semi-leptonic decay:
  b → cµ-X → µ+µ−X
- Double semileptonic decay: bb → µ+µ-X
- Continuum µ+µ−

- µ + fake, fake+fake

Good discriminators: isolation, mass, lifetime, pT , how well pT aligns with L
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Bs(B0) Signal vs. Background

From B. Casey, ICHEP2010From B. Casey, ICHEP2010
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14 variables are
combined into a Neural
Net (except Mµµ)

Discriminating Variables

6 most sensitive variables
shown here:

In red: MC signal (Pythia),
black: sideband data

- B-hadron pT spectrum is
   reweighted using
   B+→ J/ψΚ → µ+µ−Κ data 

- isolation distribution is
   reweighted using Bs→ J/ψφ 
   data

Angle between 
L and pT(B)

Isolation

Impact parameter
of higher pT 
muon

Imp.parameter
of B 

Relative 2D
decay length

Vertex fit χ2
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Improvements over previous Bs(B0)→ µ+µ− result

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

CC

CF

Separation between NN output for
background and for signal MC

- input variables and NN signal
performance has been checked in
B+→ J/ψK+ → µ+µ-K  data

- events with NN output >0.7 are
considered candidates

- we take advantage of improved
background suppression with high
NN output by dividing into 8 sub-
samples, using an a-priori
optimization
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A priori optimization

Figure of merit: expected upper limit on BR(Bs(B0)),
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
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Short recap: Neural Net selection

We are using a
2-dimensional selection:

• a Neural Net is used to
select B→ µ+µ−-like
candidates, independent
of mass (8 bins)

• Bs and B0 mass
windows are blinded (5
bins)

• CC and CF mode
treated separately
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Background estimates

• Sources of background events

• Estimation methods

• Cross checks in control samples
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 1) Combinatoric backgrounds:
• continuum µ+µ−  from Drell-Yan
• double semileptonic bb → µ+µ− X
• b/c → µ + fake µ (K,π)

 2) Two-body hadronic B decays
• B→ hh where h → fake µ (Κ,π)

Bs(d)→ µ
+µ−  backgrounds, overview

MC predicts a
smooth Mµµ

distribution

peaking in signal
region
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- use distributions of sideband events
with NN output >0.7

- only events with Mµµ>5 GeV used to
suppress contributions from b → µµX

- 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%

1) Combinatoric background

Signal
region

Using our background dominated data sample, fit Mµµ
to a linear function.

Signal
region
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All uncertainties are included

Expected number of combinatoric
background events in the signal region

B0 signal window:

Bs signal window:
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Two-body B→ hh decays where h produces a fake
muon can contribute to the background

• fake muons dominated by π+, π-,K+, K-

• fake rates are determined separately using D*-tagged
D → K-π+ events

Estimate contribution to signal region by:

• take acceptance, Mhh, pT(h) from MC samples.
Normalizations derived from known branching fractions

• convolute pT(h) with pT and luminosity-dependent µ-fake
rates. Double fake rate ~0.04%

2) Background from two-body hadronic B decays
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Example of D0

peaks in one
bin of pT, used
to extract a pT
and luminosity-
dependent fake
rate for K+ and
K-

Fake rates from D*-tagged D0 → K-π+ events

K- K+

Kaons passing muon selection:

K- K+
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Muon fake rates

• Variations with pT
and luminosity are
taken into account

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

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

10x smaller than 
combinatoric bkg

Comparable to 
combinatoric bkg

Bd signal window:

Bs signal window:



30

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-: µ+µ− 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
     quality requirements

       * Loose pre-selection = pT(µ)>1.5 and pT(µµ)> 4 GeV
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The FM+ control
sample has at least
one muon which fails
our muon quality
requirements

need a different
set of K/π fake
rates since the
muon ID
requirements are
different than used
in the signal
sample. Same
method as before
is used

Fake rate for
central muons
(FM+ selection)

Aside: The FM+ control sample
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Result of background checks in control samples

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
 Good agreement across all control samples.
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Full table of bkgd checks in control samples

Good agreement in most
sensitive NN bins

 now have sufficient
confidence in
background estimation

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

*CC only, see 
backup for CF

FM+ is rich in B->hh background.
Good agreement in highest NN bin
shows that we can accurately
predict this background
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Signal efficiency

• Signal Acceptance

• Dimuon reconstruction efficiency

• Neural Net cut efficiency

• Relative normalization to B+
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Signal efficiency

• Estimate total acceptance times efficiency for Bs(B0)→ µ+µ−

decays as

– αBs: geometric and kinematic acceptance of the triggered
events, from MC. Trigger performance checked with data

– εtrig: trigger efficiency for events within the acceptance,
from data

– εreco: dimuon reconstruction efficiency (incl.baseline cuts)
for events that pass the trigger

– εΝΝ: efficiency for Bs(B0)→ µ+µ− events to satisfy the NN
requirement

! 

"Bs
# $Bs

total
="Bs

# $Bs
trig
# $Bs

reco
# $Bs

NN
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Signal efficiency

• Estimate total acceptance times efficiency for Bs(B0)→ µ+µ−

decays as

– αBs: geometric and kinematic acceptance of the triggered
events, from MC. Trigger performance checked with data

– εtrig: trigger efficiency for events within the acceptance,
from data

– εreco: dimuon reconstruction efficiency (incl.baseline cuts)
for events that pass the trigger

– εΝΝ: efficiency for Bs(B0)→ µ+µ− events to satisfy the NN
requirement

! 

"Bs
# $Bs

total
="Bs

# $Bs
trig
# $Bs

reco
# $Bs

NN

Focus for next few slides
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• Dimuon reconstruction efficiency εreco
– εreco is product of

• drift chamber track reconstruction efficiency, muon
reconstruction efficiency, and vertex detector efficiency

– Measured in the data using J/ψ → µµ and D* tagged D0 → Kπ
decays

– Muons identified using muon likelihood and track dE/dx cut

• Neural Network Cut Efficiency εΝΝ
– εΝΝ extracted using signal MC

• e.g. εNN(NN>0.7)=0.95
– Systematic uncertainty based
    on difference between NN
    efficiency in B+ MC and data

• total: ~6% uncertainty
    (see next slide for detail)

Signal efficiency
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Neural Network Cut Efficiencies-
some more detail

• Compare the NN output
efficiency between
– B+ MC and
– sideband subtracted B+

data
• average 4.6% difference

is assigned as a
systematic uncertainty

 This shows that we can
accurately model our NN
output efficiency

CC

CF
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! 
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Relative normalization to B+→ J/ψK+

•  We use B+→ J/ψK+ decays as a normalization mode
• decays very similar, many systematic uncertainties cancel

•  Expression for B+ signal efficiency same as for Bs, except
• εreco  includes additional K reconstruction efficiency, excludes εΝΝ

Single Event Sensitivity, for the sum of all NN bins, CC+CF, corresponds to an
expected number of SM Bs→ µ+µ− events of N(Bs→ µ+µ−) = 1.9 in 7pb-1

Relative uncertainties (stat.+syst.) in parenthesis
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Expected numbers of background and
“SM signal” events (Bs)

CC only

CF only

NN signal efficiency
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Expected limits

BR(Bs→µ+µ-) < 1.5×10－8  @ 95%CL
BR(B0→µ+µ-) < 4.6×10－9  @ 95%CL

Significant improvement in
sensitivity over all previous
analyses

 2.0 fb-1 : 4.9×10-8    5.8×10-8

 3.7 fb-1 : 3.4×10-8    4.4×10-8

 7 fb-1      : 1.5×10-8

Expected   Observed 
For BR(Bs→µ+µ-): 
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Opening “the box”
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Bs→ µ
+µ− search: opening the box

zoom

Highest
sensitivity
NN bin
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CC only
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CF only
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Focus on B0 signal window first
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B0 signal window, comparison of observation and
background prediction

Data and background expectation are in good agreement

CC, CF
combined

Dark hatched
band shows
uncertainty
on the mean
background
prediction



48

B0 signal window, comparison of observation and
background prediction

CC only

CF only

3 highest NN bins
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B0 signal window, comparison of observation and
background prediction

CF only

3 most sensitive NN bins only

CC only

CF only

Data and background expectation are in good agreement
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We set a limit (using CLs method) of

 at 95% C.L.

- world’s best limit

- consistent with the expected limit
  BR(B0→ µ+µ−)< 4.6×10－ 9

Compare to the SM BR calculation of

B0→ µ+µ− search, observed limit

! 

BR(B
0
" µ+µ#

) = (1.0 ± 0.1) $10#10

! 

BR(B
0
" µ+µ#

) < 6.0 $10#9
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Ensemble of background-only pseudo-experiments is used to
determine a p-value for a given hypothesis

Determination of the p-value

Log Likelihood Distribution 
of pseudo-experiments
for background-only hypothesis
for B0→ µ+µ− signal window

• for each pseudo-experiment, we do two
fits and form the log-likelihood ratio

• in the denominator, the “signal” is fixed to
zero (I.e. we assume background only), and
in the numerator s floats

• L(h|x) is the product of Poisson
probabilities over all NN and mass bins

• systematic uncertainties included as
nuisance parameters, modeled as
Gaussian.

 Result: the p-value for the
   background-only hypothesis is 23.3%

! 

2ln(Q)

! 

Q =
L(s+ b | data)

L(b | data)
with
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Bs signal window
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Data in Bs signal window



54

Bs signal window, comparison of observation and
background prediction

Shown is the total expected background and total uncertainty,
as well as number of observed events

Observe an excess, concentrated in the 3 highest NN bins
of the CC sample, over background expectation
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Using the CLs method, we observe

BR(Bs→ µ+µ−)< 4.0×10－ 8

at 95% C.L.

• Compare to the expected limit
BR(B0→ µ+µ−)< 1.5×10－ 8

• outside the 2σ consistency
band

Bs→ µ
+µ− search, observed limit

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 Bs search window yield?
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Statistical Interpretation
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P value for background-only hypothesis

Observed p-value: 0.27%.

This corresponds to a 2.8σ
discrepancy with a
background-only null
hypothesis (one-sided
gaussian)

Log Likelihood Distribution 
of pseudo-experiments
for background hypothesis

data
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Using the log-likelihood fit described before, we set the first
two-sided limit of Bs→ µ+µ− decay

Our central value is

! 

4.6 "10
#9 < BR(B

s
$ µ+µ#

) < 3.9 "10#8

at 90% C.L.
! 

BR(B
s
"µ+µ#

) =1.8#0.9
+1.1

$10
#8

Fit to the data in the Bs search window

Compare to SM calculation of

@90% C.L.

! 

BR(B
s
" µ+µ#

) = (3.2 ± 0.2) $10#9
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Data in Bs signal window
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Consistency with the SM prediction
of Bs→µ+µ− decays

reminder: SM prediction: BR(Bs→ µ+µ−)=(3.2±0.2)×10-9

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

  If we include the SM BR(Bs→ µ+µ−) 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 +1σ: p-value: 2.1%

“Background” hypothesis
now includes the SM 
expectation of BR(Bs→µµ) 
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Cross Checks



62

Fit to the data: cross checks

Use Bayesian binned likelihood
 technique

• 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.

Best fit to the data yields almost identical results as before

! 

BR(B
s
"µ+µ#

) =1.8#0.9
+1.1

$10
#8
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• excess observed in CC
   muons

• in most sensitive NN
  bin: data looks signal-like

• see a fluctuation in
  0.97<NN<0.987-
  little signal sensitivity
  in this bin.

Does the fluctuation in this bin drive the result?
Check how the answer changes if we only look at the two
highest NN bins..

A closer look at the data

Bs signal window, CC and CF separate
Showing only the most sensitive 4 highest NN
bins
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• Background-only hypothesis:
  Observed p-value: 0.66%
  (compare to 0.27%)

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

• Conclusion: “fluctuation” in the
   lower sensitivity bin adds to the
   observed discrepancy, but is not
   the driving contribution.

data

Fit to the data,
only considering the 2 highest NN bins
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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:

Factor 10 higher contribution in B0 signal window because
B → hh peaks closer to the B0 mass

• and we see no excess over the prediction in the B0 signal window

0.2±0.050.72±0.2B0 signal window
0.03±0.010.08±0.2Bs signal window
CFCC

We carefully checked our
predictions in a control region
enhanced in B → hh decays
(FM+ sample, at least one
“muon” has to fail our muon
selection)

Predicted total events observed Prob.(%)
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In our highest NN bin we
clearly select B → hh
and can predict it
accurately with our
background estimate
method.

Observation in FM+ sample,
highest NN bins
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Summary- Cross checks

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

The results are stable w.r.t. variations in error shape assumptions
• have compared poisson to gaussian statistics for shapes of systematic
uncertainties

The results are independent of the statistical treatment
• we get the same answers using Bayesian and Likelihood fit

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
The excess is not from B→hh

• 0.08 residual events, carefully checked modeling
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We see an excess over the background-only expectation in the
Bs signal region and have set the first two-sided bounds on
BR(Bs→ µ+µ−)

A fit to the data, including all uncertainties, yields

Data in the B0 search window are consistent with background
expectation, and the world’s best limit is extracted:.

Conclusions

! 

BR(B
s
"µ+µ#

) =1.8#0.9
+1.1

$10
#8

! 

4.6 "10
#9 < BR(B

s
$µ+µ#

) < 3.9 "10#8at 90% C.L.

! 

BR(B
0
" µ+µ#

) < 6.0(5.0) $10#9at95%(90%)C.L.
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• Although of moderate statistical significance, this may be the
first sign of a Bs→µ+µ- 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: 
/cdf/www/physics/new/bottom/110707.blessed-Bsd2mumu

Since we posted our result on Tuesday, we’ve had a lot of 
feedback from Theorists (see next slides)

Conclusions
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First email we received:

“Yeeeeeeeeeees!  Just as I predicted!”
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Interpretation in an mSUGRA model

m0/m1/2 plane in a
mSUGRA
interpretation with
tanβ=50
B. Dutta, Y.Mimura, Y.
Santoso

Green: Region
preferred by Bs→ µ+µ− 
90% range
Dashed green: point
measurement

Excluded by
1)Rare B decay  b → sγ
2)No CDM candidate
3)No EWSB

a

b
c

Region preferred 
by this analysis

B s
→
 µ

+ µ
−  

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

correlation between
BR(Bs→ µ+µ−) and the
CP violating phase in
Bs mixing in a SUSY
model from
Agashe, Carone
Phys.Rev. D68 (2003)
035017 (hep-
ph/0304229).

More Interpretations
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More Interpretations

U.Nierste, H.Logan: New two-
sided limit excludes a significant
portion of the allowed
parameter space for tanβ and
MH+ in a two-Higgs Doublet
model:

C.Wagner, M. Carena, A.Menon,
A. Szynkman and R. Noriega:
correlation between Bs→ µ+µ− 
and the SUSY contributions to
ΔMs in the MSSM with minimal

flavor violation
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Backup slides
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Data in Bs signal window
CC and CF combined
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Data in Bs signal window
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Data in B0 signal window
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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

variations in relative sample size have no effect
- to check for mass bias we train NN output in bins of dimuon invariant
mass

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

observe no difference
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Where does the increase at large NN output come from?
- caused by low mass events (<5 GeV) from partially reconstructed
   b → µµX decays.
- to check if the training is affected by these events we repeated it using
upper sideband events only

No change in NN output efficiencies

NN trained on upper SB only
NN trained on SB data (default)

The Neural Net: validation and checks
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Muon fake rates

• Variations with pT
and luminosity are
taken into account

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

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

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

*CF only
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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

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



85

! 

BR(Bs(d )

0
" µ+µ#

) =
NBs (d )

N
B

+

$
%
B

+

%Bs ( d )

$
&
B

+

total

&Bs (d )
total

$
1

&Bs ( d )
NN

$
fu

fs
$ BR(B

+
" J /'K

+
" µ+µ#

K
+
)

Relative normalization to B+→ J/ψK+:
systematics

Systematic uncertainties include:
varying fragm. functions, renormalization and factorization scale, and
the B-meson masses

kinematic differences between Bs and J/ψ decays, estimated using
J/ψ data.
Kaon efficiency, B+ vertex probability cut, estimated in data.

! 

"
B

+

"Bs ( d )

= 0.307 ± 0.0018(stat) ± 0.018(syst)
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= 0.849 ± 0.06(stat) ± 0.007(syst)
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LHCb and CMS/Atlas in 2011- projections
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Validation of the “miniskirt” data
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Validation of the “COT-spacer” data
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Bs signal window, number of expected SM events
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NN: Discriminating variables
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Full table of expected and observed data



92

CDF Muon Detection System
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Cross checks of B → hh

NN output distribution of the
signal simulation is
compared before and after
applying the pt dependent
fake rate. No difference is
observed.

pT 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)


