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Fermilab Tevatron 

! pp collisions at 1.96 TeV 

!   1.7MHz collision rate  (396 ns bunch spacing)  

!   Peak luminosity 3.5-4 ×1032cm–2s–1  

—  Average ∼ 6 pp interactions per bunch crossing. 

!   ∼8 fb–1“good” data on tape per experiment. 

!   End of operation by September 2011. 
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Results today on 1.6-7 fb–1 of data collected. 



B-Physics program 
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BSM 

CKM   QCD 

XY… mesons 

ψ & Y production 

b-baryons 

B→DK 

Lifetimes 

D mixing  

c-baryons 

B→hh D→hh 

Bs→φφ	


ASL 

B-production 

AFB(B→Kµµ) 
B →µµ	

D→µµ	

 

Bs →DsDs 

sin(2βs) 



B0
s→µ+µ-  

B0
s→µ+µ- and  B0→µ+µ-  are the most 

studied FCNC processes. CKM, GIM and 
helicity suppression in SM lead to: 
 
BR(B0

s→µ+µ-)=(3.2 ±0.2)×10－9   (|Vts|2) 
BR(B0→µ+µ-)=(1.0 ±0.1)×10－10    (|Vtd|2) 
 
NP can enhance up to 100× 
MSSM: BR∝tan6(β).  
RPV SUSY enhances also at low tan(β).  
 
Very hot! Either observation or null result 
provides crucial information. 
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FIG. 3: The J/ψK+ invariant mass distribution of B+ candi-
dates. The dashed line represents the B+ signal distribution
obtained from the fit (solid line).

pµT distribution in the selected data events with a con-
trol sample requiring a pµT independent trigger and then
applying the ratio to the simulated events as a pµT depen-
dent weight factor. A possible dependence of this weight
factor on the dimuon kinematics is evaluated by choos-
ing another sample at higher dimuon masses; this effect
is found to be less than 1%. The pBT spectra in the B0

s

and B+ simulations are corrected following comparisons
of the B+ → J/ψ(µ+µ−)K+ in data and simulation. A
similar correction is obtained from B0

s → J/ψφ decays,
and the difference between the two is assigned as an un-
certainty of 6.5%. The product of the factors multiplying
N(B0

s ) on the right-hand side of Eq. 1 is called the sin-
gle event sensitivity. We find a single event sensitivity
(4.9 ± 1.0) × 10−9 for Run IIa and (1.84 ± 0.36) × 10−9

for Run IIb in the signal region. Using the SM prediction
of B(B0

s → µ+µ−) [4], there are 0.74 ± 0.17 events in
Run IIa and 1.95±0.42 events in Run IIb expected in the
signal region. Aside from the background uncertainty,
the largest uncertainty of 15% common to Run IIa and
Run IIb comes from the fragmentation ratio, fu/fs.

We compute the final sensitivity using 2D histograms
of mµµ vs. β of the signal and the backgrounds by
combining the sensitivity of each bin taking into ac-
count the correlated uncertainties. In addition to the
uncertainty on the signal normalization, we add uncer-
tainties on the expected B0

s mass and its resolution in
the calculation. Additional uncertainties on the dimuon
background distributions are assigned to allow for pos-
sible variation in the background mµµ distribution as
a function of β. The resulting median expected lim-
its are B(B0

s → µ+µ−) < 8.5 × 10−8(6.8 × 10−8) for
Run IIa, and 4.6 × 10−8(3.7 × 10−8) for Run IIb at the
95% (90%) C.L. and the combined median expected limit
is B(B0

s → µ+µ−) < 4.0 × 10−8(3.2 × 10−8). The lim-
its are calculated from Eq. 1 using the semi-Frequentist
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FIG. 4: The distribution of mµµ in the highest sensitivity
β region (a), and the distribution of β in the highest sen-
sitivity mµµ region (b) for data (dots with uncertainties),
expected background distribution (solid line), and the SM
signal distribution multiplied by a factor of 100 (dotted-
dashed line). The dimuon background contributions from the
B(D) → µ+νX, B̄(D̄) → µ−ν̄X ′ decays (dashed line) and the
B → µ+νD̄, D̄ → µ−ν̄X decays (dotted line) are also shown.

confidence level approach (CLs) [32–34] with a Poisson
log-likelihood ratio test statistic. The limit incorporates
Gaussian uncertainties on the signal efficiency and the
background. This expected limit is a factor of 2.4 better
than the expected limit of 9.7× 10−8 at the 95% C.L. of
the previous D0 result [17], where 10% of this improve-
ment results from changes in the analysis technique.

After finalizing the selection criteria and all system-
atic uncertainties, we study events in the signal region.
There are 256 events for Run IIa, and 823 events for
Run IIb observed in the signal region where the ex-
pected number of background events is 264 ± 13 events
for Run IIa and 827 ± 23 events for Run IIb. The
observed distributions of dimuon events in the high-
est sensitivity region are shown in Fig. 4. The ob-
served number of events is consistent with the back-
ground expectations. We extract 95% (90%) C.L. limits
of B(B0

s → µ+µ−) < 8.2× 10−8(6.5 × 10−8) for Run IIa
and 6.5×10−8(5.3×10−8) for Run IIb. The resulting com-
bined limit is B(B0

s → µ+µ−) < 5.1 × 10−8(4.2 × 10−8)
at the 95% (90%) C.L. The probability for the expected
background distributions to fluctuate to the observed
data distributions is 31%.

In conclusion, we have reported a search for the rare
decayB0

s → µ+µ− using 6.1 fb−1 of pp̄ collisions collected
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FIG. 9: The invariant mass distribution versus in 3 NN bins Events with NN > 0.80 are shown.

B0
s→µ+µ- - Results 
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Phys. Lett. B 693, 539 (2010), 6.1 fb-1   

CDF-Pub-9892, 3.7 fb-1 	


CDF Single Event Sensitivity = 3.2×10－9 →                            
expected 1.2 SM events, 0.7 in vNN>0.995 
∼10*SM with 3.7 fb-1.          
Plenty of NP models already excluded. 
 

World’s best from        3.7 fb-1  
BR(B0

s→µ+µ-) < 4.3×10－8  @  95 %CL 
BR(B0→µ+µ-)  < 7.6×10－9  @  95%CL 
 
Most recent            results on 6.1fb-1   
BR(B0

s→µ+µ-) < 5.1×10－8  @ 95%CL 
 



B0
s→µ+µ- - Prospect 
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New strong player in the game            on 35 pb-1   
BR(B0

s→µ+µ-) < 5.6×10－8  @  95% CL 
BR(B0→µ+µ-)  < 1.5×10－8  @ 95% CL 

     is working to update analysis on 7fb-1 : 
 
  2x in statistics (3.7 → 7 fb-1), 
  increased muon acceptance, 
  better signal efficiency from new ANN, 
  more accurate background  estimate. 
 
The expected limit is: 
BR(B0

s→µ+µ-) < 2 ×10－8  @ 95% CL 
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FIG. 9: Cumulative likelihood ratio distribution for the two-dimensional profile likelihood (left) with the likelihood ratios for
all of the “alternate universes” (colored histograms) overlaid on that from the “default” universe (black histogram). Adjusted

two-dimensional profile likelihood of βJ/ψφ
s and ∆Γ in 5.2 fb−1 of data (right). The standard model point is indicated by the

black point with error bars. The p-value at the standard model point is 44%.

ranges are

βJ/ψφ
s ∈ [0.02, 0.52] ∪ [1.08, 1.55] at 68%C.L,

βJ/ψφ
s ∈ [−π/2,−1.44] ∪ [−0.13, 0.68] ∪ [0.89,π/2] at 95%C.L.

The p-value at the standard model point is 31%.

In addition to the flavor-tagged 2D and 1D results, we also quote a 2D coverage-adjusted contour in the βJ/ψφ
s −

∆Γ plane for the likelihood fit without flavor tagging, shown in Figs. 11. The coverage adjustment in the untagged
case is completely analogous to the adjustments made in the other cases, with 1,000 pseudo-experiments generated at
the standard model point in both the “default” universe and in sixteen “alternate” ones. The p-value at the standard
model point for the untagged contour is 8%. As in the case of the flavor-tagged contours, the untagged contour
includes any possible contribution from S-wave states to the φ mass window.

VI. CROSS-CHECKS OF LIKELIHOOD CONTOURS

A. Effect of coverage adjustment

The effect of the coverage adjustment on the one and two-dimensional contours can be seen in Fig. 12, which shows
the unadjusted profile likelihoods. This difference is expected to decrease as statistics becomes high enough that the
errors a Gaussian regime and the nuisance parameters are better constrained.

B. Time-dependence of result

In order to check for possible time-dependence of the result, we have divided the data in three approximately
equal periods of data-taking: 0 - 1.35 fb−1, 1.35 - 2.8 fb−1, and 2.8 - 5.2 fb−1. The unadjusted contours for the
three independent datasets are shown in Fig. 13. The variations observed are consistent with those seen in pseudo-
experiments of similar size [15].
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VI. CONFIDENCE REGION AND SYSTEMATIC UNCERTAINTIES

As done previously [36], to obtain the C.L. contours in the φJ/ψφ
s - ∆Γs plane that account for non-Gaussian

behavior of the likelihood, we adjust the two-dimensional likelihood profiles by applying a likelihood - C.L. conversion
curve determined in an ensemble study to ensure correct statistical coverage. Details of the study are presented in
Appendix C.

Many systematic uncertainties are included in the fit by treating them as nuisance parameters, for example, placing
a Gaussian constraint equivalent to the uncertainty on ∆Ms, fitting for the parameterization of backgrounds. There
are additional uncertainties due to the limited knowledge of external constants used in the fit. The only such constants
are those describing the flavor-tagging calibration and the detector acceptance. To account for the related systematic
effects on the confidence region, we generate ensembles for a number of “alternative universes”, with external constants
varied within their uncertainties. For the flavor tagging dilution, and for the detector acceptance, we vary the
coefficients of the parameterization by ± 1σ. For the MC weighting, we use the difference between the fitted curve
and the full histogram.

The effects of varying the external parameters on the measured physics quantities are summarized in Table III.

Source τ s ∆Γs A⊥(0) φJ/ψφ
s

ps ps−1

Matching the MC kinematics to data ±0.001 ±0.001 ±0.001 ±0.01
Acceptance function ±0.01 ±0.01 ±0.01 ±0.01

Flavor tagging parameters ±0.001 ±0.001 ±0.001 ±0.01
Total ±0.01 ±0.01 ±0.01 ±0.02

TABLE III: Estimate of external systematic uncertainties.

We obtain the following results: ∆Γs = 0.15 ± 0.06 (stat) ± 0.01 (syst) ps−1 and φJ/ψφ
s = −0.76+0.38

−0.36 (stat) ±
0.02 (syst). The allowed 95% C.L. intervals are 0.014 < ∆Γs < 0.263 ps−1, −1.65 < φJ/ψφ

s < 0.24 and −0.235 <

∆Γs < −0.040 ps−1, 1.14 < φJ/ψφ
s < 2.93. The C.L. contours in the φJ/ψφ

s - ∆Γs plane, corrected for the C.L. coverage
and for major systematic uncertainties, are shown in Fig. 7.

FIG. 7: 68% and 95% C.L. contours in the plane ∆Γs - φJ/ψφ
s . Also shown is the 68% contour from the D0 dimuon charge

asymmetry analysis [37]. The comparison is made under the assumption of a single source of the CP violation in the B0
s - B

0

s

mixing.

βs from B0
s→J/ψφ – status 

!   CP violation in  B0
s→J/ψφ occurs though 

interference of decays with and without 
mixing. 

!   SM predicts small value for the mixing 
phase 2βs= -φs. 

!   New particles could enter weak mixing box 
diagrams and enhance CP violation 

!   Time evolution  (ΓL, ΓH, ΔΓ, βs ) very 
sensitive to NP contributions. 

!   Trends are the same as in the past, both 
experiments now see SM consistency at 
about 1σ level. 
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P-value: 44% (0.8σ) 

CDF-Pub-10206 	


D0Note 6098-CONF 

6500 B0
s→J/ψφ  

3400 B0
s→J/ψφ  



B0
s→J/ψf0(980) 

!   This is a CP=+1 eigenstate 
—  Unambiguous measure of lifetime 1/ΓH  
—  Clean measure B0

s mixing phase βs  
—  B0

s→J/ψφ requires complex angular analysis 
for vector-vector final state 

—  Understand S-wave contributions to βs 
measurement in Bs→J/ψφ  

!   BR measurement  
—  Neural Net Selection 
—  Use identical selection for Bs→J/ψφ  

reference mode 
—  Simultaneous log-likelihood fit to signal and 

normalization  mode. 
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N(J/ψ f0)=571±37 

N(J/ψφ)=2302±50 



BR( B0
s→J/ψf0(980) ) 

!   First observation from LHCb [PLB 698,115,2011.] 
—    

!   Confirmed by Belle [PRL106,121802,2011]: 
—    
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BR(Bs
0 ! J /! f0, f0 ! " +" " )

BR(Bs
0 ! J /!#,#! K +K " )

= 0.292± 0.020(stat)± 0.017(syst)

BR(Bs
0 ! J /! f0 (980)) "BR( f0 (980)! " +" # ) = (1.85± 0.13± 0.57)$10#4

∼18σ significant (CDF-Pub-10404):     

BR(Bs
0 ! J /! f0, f0 ! " +" " )

BR(Bs
0 ! J /!#,#! K +K " )

= 0.252"0.032"0.033
+0.046+0.027

BR(Bs
0 ! J /! f0, f0 ! " +" " ) = (1.15"0.19"0.17+0.18

+0.31+0.15+0.26 )#10"4



Di-muon  charge asymmetry 
!   Search for CP Violation in mixing using same sign dimuon events from semileptonic B 

decays: 

! Nb
++ and Nb

--  are the number of events with  two b-hadrons decaying semileptoncally 
producing two same-sign muons 
—  One muon comes from direct semileptonic decay b→µ-X 
—  Second muon comes from direct semileptonic decay after mixing b→b→µ-X 
—  A the TeVatron, both B0

s and B0 contribute. 

!   Lots of subtleties in the analysis, but two main experimental issues: 
—  Asymmetric backgrounds from kaons faking µ     
—  Asymmetric  µ+ and µ- acceptance/efficiency 
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Asl
b =

N ++ ! N !!

N ++ + N !!

B0 B0B0

X

X
µ!

µ!
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Di-muon  charge asymmetry 

!   In 6 fb-1 DØ measures: 

!   SM prediction is: 
—  Using prediction of ad

sl  and as
sl 

from JHEP 0706, 072 (2007)     

!   Differs from SM by ∼3.2σ   

!   Results from B0
s→J/ψφ consistent 

with dimuon asymmetry. 
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PRD82,032001(2010)  

Asl
b = (!0.957± 0.251± 0.146)%

Asl
b = (!0.023!0.006

+0.005 )%



Di-muon  charge asymmetry 

!   In 6 fb-1 DØ measures: 

!   SM prediction is: 
—  Using prediction of ad

sl  and as
sl 

from JHEP 0706, 072 (2007)     

!   Differs from SM by ∼3.2σ   

!   Results from B0
s→J/ψφ consistent 

with dimuon asymmetry. 
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Asl
b = (!0.957± 0.251± 0.146)%

Asl
b = (!0.023!0.006

+0.005 )%
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VI. CONFIDENCE REGION AND SYSTEMATIC UNCERTAINTIES

As done previously [36], to obtain the C.L. contours in the φJ/ψφ
s - ∆Γs plane that account for non-Gaussian

behavior of the likelihood, we adjust the two-dimensional likelihood profiles by applying a likelihood - C.L. conversion
curve determined in an ensemble study to ensure correct statistical coverage. Details of the study are presented in
Appendix C.

Many systematic uncertainties are included in the fit by treating them as nuisance parameters, for example, placing
a Gaussian constraint equivalent to the uncertainty on ∆Ms, fitting for the parameterization of backgrounds. There
are additional uncertainties due to the limited knowledge of external constants used in the fit. The only such constants
are those describing the flavor-tagging calibration and the detector acceptance. To account for the related systematic
effects on the confidence region, we generate ensembles for a number of “alternative universes”, with external constants
varied within their uncertainties. For the flavor tagging dilution, and for the detector acceptance, we vary the
coefficients of the parameterization by ± 1σ. For the MC weighting, we use the difference between the fitted curve
and the full histogram.

The effects of varying the external parameters on the measured physics quantities are summarized in Table III.

Source τ s ∆Γs A⊥(0) φJ/ψφ
s

ps ps−1

Matching the MC kinematics to data ±0.001 ±0.001 ±0.001 ±0.01
Acceptance function ±0.01 ±0.01 ±0.01 ±0.01

Flavor tagging parameters ±0.001 ±0.001 ±0.001 ±0.01
Total ±0.01 ±0.01 ±0.01 ±0.02

TABLE III: Estimate of external systematic uncertainties.

We obtain the following results: ∆Γs = 0.15 ± 0.06 (stat) ± 0.01 (syst) ps−1 and φJ/ψφ
s = −0.76+0.38

−0.36 (stat) ±
0.02 (syst). The allowed 95% C.L. intervals are 0.014 < ∆Γs < 0.263 ps−1, −1.65 < φJ/ψφ

s < 0.24 and −0.235 <

∆Γs < −0.040 ps−1, 1.14 < φJ/ψφ
s < 2.93. The C.L. contours in the φJ/ψφ

s - ∆Γs plane, corrected for the C.L. coverage
and for major systematic uncertainties, are shown in Fig. 7.

FIG. 7: 68% and 95% C.L. contours in the plane ∆Γs - φJ/ψφ
s . Also shown is the 68% contour from the D0 dimuon charge

asymmetry analysis [37]. The comparison is made under the assumption of a single source of the CP violation in the B0
s - B

0

s

mixing.

Green band from Ab
sl    



What about CDF? 

!   CDF cannot reverse magnet polarity. 
—  Probably not a major concern. 
—  Dominant charge biases can be measured with data.  

!   DØ has better muon coverage at high |η| 

!   Scaling statistical uncertainty of previous CDF 
measurement 0.9% (CDF-Pub-9015) on 1.6 fb-1, on 7 
fb-1   we expect ∼0.3-0.4% 

!   The main point is the systematic uncertainty! In the 
meanwhile….. 
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R = N(µ
+µ+ )+ N(µ!µ! )
N(µ+µ! ) µ+µ!

Fit projection of impact parameter 

CDF Run II Preliminary  Lint= 1.5fb-1  

CDF-Pub-10335 	


Defined as: ! =
!(B0 " B0 " l+X)

!(B" l±X)
= fd # !d + fs! s

where the numerator includes  B0
d and B0

s. It 
derives from the measurement of the ratio R:  

R = 0.472± 0.011± 0.007! ! = 0.126± 0.008

Use impact parameter (d) to identify source of 
muons: b, c, prompt components 
2D fit of impact parameter using MC templates. 
 

In agreement with LEP measurement: 0.1259±0.0042. 



7

]2-mass [GeV/cs!
0Invariant D

2.005 2.010 2.015 2.020

2
C

an
di

da
te

s 
pe

r 0
.1

 M
eV

/c

0

2000

4000

6000

8000
/ndf = 303.23/3062"

 361±) = 106421 +
s!]+!

-
! [# +

s!
0 D#+N(D*

data

fit

random pions

-1 = 5.94 fbL dt$CDF Run II Preliminary 

%/
&

-2

0
2

(a)

]2-mass [GeV/cs!
0Invariant D

2.005 2.010 2.015 2.020

2
C

an
di

da
te

s 
pe

r 0
.1

 M
eV

/c

0

2000

4000

6000

8000
/ndf = 303.23/3062"

 368±) = 110447 -
s!]+!

-
! [# -

s!
0D # -N(D*

data

fit

random pions

-1 = 5.94 fbL dt$CDF Run II Preliminary 

%/
&

-2
0
2

(b)

]2-mass [GeV/cs!
0Invariant D

2.005 2.010 2.015 2.020

2
C

an
di

da
te

s 
pe

r 0
.1

 M
eV

/c

0

5000

10000

15000

20000
/ndf = 325.74/2992"

 759±) = 232520 +
s!]

-K+ [K# +
s!

0 D# +N(D*

data
fit
multibody decays
random pions

-1 = 5.94 fbL dt$CDF Run II Preliminary 

%/
&

-2

0
2

(c)

]2-mass [GeV/cs!
0Invariant D

2.005 2.010 2.015 2.020

2
C

an
di

da
te

s 
pe

r 0
.1

 M
eV

/c

0

5000

10000

15000

20000
/ndf = 325.74/2992"

 778±) = 243575 -
s!]

-K+ [K# -
s!

0D # -N(D*

data
fit
multibody decays
random pions

-1 = 5.94 fbL dt$CDF Run II Preliminary 

%/
&

-2
0
2

(d)

Figure 3: Projections of the combined fit on data for tagged D0 → π+π− (a)-(b) and tagged D0 → K−K+ (c)-(d) decays.
Charm decays on the left and anticharm on the right.
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Figure 3: Projections of the combined fit on data for tagged D0 → π+π− (a)-(b) and tagged D0 → K−K+ (c)-(d) decays.
Charm decays on the left and anticharm on the right.

CPV in D0 → h+h- 

!   Charm is a unique because it probes 
up-quark sector (unaccessible through t 
or u quarks). 

!   Negligible penguin contribution the 
charm decays in SM 
—  CPV in charm would point to NP  
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ACP (D
0 ! h+h" ) = #(D

0 ! h+h" )"#(D0 ! h+h" )
#(D0 ! h+h" )+#(D0 ! h+h" )

ACP = aCP
dir +

< t >
!

aCP
indTime-integrated → 
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Figure 6: Comparison of our measurements of the CP asymmetry in the D0 → π+π−
(a) and D0 → K+K−

(b) decays with

current best results from B-factories in the parameter space (aind
CP, a

dir
CP).
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Figure 6: Comparison of our measurements of the CP asymmetry in the D0 → π+π−
(a) and D0 → K+K−

(b) decays with

current best results from B-factories in the parameter space (aind
CP, a

dir
CP).

Consolider-Ingenio 2010, Spain; the Slovak R&D Agency; and the Academy of Finland.

[1] A. Lenz and M. Bobrowski, “Standard Model Predictions forD0
-Oscillations and CP-Violation”, talk at the 4th International

Workshop on Charm Physics, Beijing (China), 21-24 Oct 2010 [arXiv:1011.5608]; D.-S. Du, “CP Violation for Neutral

Charmed Meson Decays into CP Eigenstates”, Eur. Phys. J. C 50 (2007) 579; Y. Grossman, A. Kagan and Y. Nir, “New

Physics and CP Violation in Singly Cabibbo Suppressed D Decays”, Phys. Rev. D 75 (2006) 036008; I. I. Y. Bigi, “Could

Charm ’Third-time’ Be the Real Charm? A Manifesto”, [arXiv:0902.3048]; S. Bianco et al. “A Cicerone for the Physics of

Charm”, Riv. Nuovo Cim. 26 N7, 1 (2003); Z.-Z. Xing,“D0 −D0
Mixing and CP Violation in Neutral D-Meson Decays”,

Phys. Rev. D 55 (1997) 196.

[2] CDF Collaboration, “Measurement of the J/ψ meson and b-hadron production cross sections in pp̄ collisions at
√
s = 1960

GeV”, Phys. Rev. D 71 (2005) 032001.

[3] CDF Collaboration, “Measurement of Partial Widths and Search for Direct CP Violation in D0
Meson Decays to K+K−

and π+π−
”, Phys. Rev. Lett. 94 (2005) 122001.

[4] BaBar Collaboration, “Search for CP violation in the decays D0 → K+K−
and D0 → π+π−

”, Phys. Rev. Lett. 100 (2008)

061803; Belle Collaboration, “Measurement of CP asymmetry in Cabibbo suppressed D0
decays”, Phys. Lett. B 670 (2008)

190.

[5] “Raw” are the observed asymmetries in signal yields,
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CP (D0 → f) =

Nobs(D
0 → f)−Nobs(D

0 → f̄)

Nobs(D0 → f) +Nobs(D0 → f̄)
,

before any correction for instrumental effects has been applied.

CPV in D0 → h+h-	


!   The main challenge: suppressing detector charge 
asymmetries at the per mille level. 

!   Fully data driven technique using huge sample of 
Cabibbo-favored tagged and untagged D0 → K-π+	


!   Basic assumption: ppbar strong interactions are 
charge symmetric.  

!   World’s best measurements. 
—  CDF very sensitive to mixing induced effects, 

because of impact parameter requirements. 

!   Fully consistent with small CP violation. 
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ACP (D
0 ! ! +! " ) = [+0.22± 0.24± 0.11]%

ACP (D
0 ! K +K " ) = ["0.24± 0.22± 0.10]%

CDF-Pub-10296 
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γ from B→DK 

!   Study of  B→DK is the cleanest way to access γ. 
—  From the interference between b→c ubar s (B-

→D0K-) and b→u cbar s (B-→antiD0K-) with the 
D0 and aD0 decay in the same final state.  

!   Several  methods to extract γ.  
—  No tagging or time-dependent analysis required. 

!   ADS method(PRL78,3257;PRD63,036005) uses Doubly 
Cabibbo Suppressed D0→K+π- decays. 

!   Simultaneous ML fit combining mass and PID 
estimates: 
—  N(B→DDCSK )=34 ± 14 
—  N(B→DDCSπ )=73 ± 16 
—  Significance (DDCSπ  +  DDCSK) >5σ	
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B-→Dπ-→[K+π-]π-     
 

B+→Dπ-→[K-π+]π+     
 



Observables: RADS and AADS  
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!   RADS and AADS  are functions of γ angle. 

!   First measurements of these quantities at 
hadron collisions.  

!   Results in agreement and competitive with 
other experiments. 

!   Analysis on 7fb-1 is in progress.                 
DDCSK significance  >3σ. 

See P. Garosi’s talk for more details. 



Conclusions 

! TeVatron continuing to produce a rich and exciting 
program in heavy flavor physics. 
—  Complementary to e+e- machines and LHC 

experiments. 

!   Many interesting results will benefit from more data. 
—  Anticipate ∼10fb-1 per experiment for analysis  by the 

end of this year. 

!   Results will continue beyond the end of the Run. 
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Topic not covered here             
(or in the pipeline) 

!  AFB(b→sµµ) 

!  World’s most precise lifetime measurements (e.g Λb→J/ψ Λ ) 

!  BR&ACP in B→hh 

!  γ from GLW B→DK 

!  D0-mixing and D0→µµ search (in general Charm Physics).  

!  More B0
s (B0

s→DsDs  , B0
s→J/ψKs, B0

s→J/ψK*, CPV in Bs→µDs, B0
s→φφ, …. ) 

!  Baryons (Properties, Decays, Excited states, Ωb, ….)  
—  For instance see P.Barria’s poster on Λb→Λc πππ	


! Bc (decays, properties) 

!  Production measurements 

!  X(3872), Y(4140),Y(4274) … 

!  … and many others. 
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Backup 
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CDFII detector 

!   Central Drift Chamber 

! δpT/pT ∼ 0.0015 (GeV/c)-1pT  

!   Silicon Vertex Detector  
—  Silicon Vertex Trigger  

!   Particle identification 
—   dE/dX and TOF 

!   Good electron and muon identification by calorimeters 
and muon chambers. 
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DØ detector 

!   Excellent coverage of Tracking and Muon Systems 

!   Excellent calorimetry and electon ID 

!   2 T Solenoid, polarity reversed weekly 

!   High efficiency muon trigger with muon pT 
measurement at Level1 by toroids 
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B Physics at the Tevatron 

!   At Tevatron, large b production cross section  

!   Plethora of states accessible: B0
s, Bc, Λ0

b, Ξb, Σb… 

!   Total σ(inelastic) at Tevatron is ∼1000 larger that b cross section 
—   large backgrounds suppressed by triggers that target specific decays.  
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Flavor Creation (annihilation)  
 

q b

q! b

b
g

g
Flavor Creation (gluon fusion)!
 

b

Flavor Excitation!
 

q! q!

b!
g!

b!
b

Gluon Splitting!
 

g

g g

b

Mechanisms for b production in ppbar collisions at 1.96 TeV:   



B Triggers 
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   pT(µ)>1.5GeV 
   J/ψ mass requirement 
   Opposite charge 

   pT(µ)>1.5 or 2 GeV 
   Triggers with/without  
       charge requirement 

   pT(track)>2 GeV 
   IP(track)>80 or 120 µm 
   Opposite charge 

J/ψ	
 Dimuon Displaced Track 

B0 → J/ψ K0* 

B+ →J/ψ K+ 

Λb→ J/ψ Λ 
Bc → J/ψ π	

B0

s → J/ψ φ 
Ξb, B** 

B → µµ+hadrons 
B → µµ	

bb→µµ	

cc→µµ	

 

B →Dh 
B→hh 
Λb→ph 
D→hh 

J/ψ 

K+ 
B+ µ 

µ π	


Ds 

B0
s 

K+	


K-	


π	




B0
s→J/ψf0(980)  

!   CP=+1 eigenstate 

!   Unambiguous measure of lifetime 1/ΓH  

!   Clean measure of CP violating parameter βs  
—  Bs→J/ψ φ  requires complex angular analysis for vector-

vector final state 

!   Understand S-wave contributions to βs 
measurement in Bs→J/ψ φ  
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 B0
s→J/ψf0(980) - Analysis 

!   Start with loose selection of µµππ 
candidates 
—  f0 is wide, so 0.85<M(ππ)<1.2 GeV 

!   Neural Net Selection 

!   Kinematic variables, track & vertex 
displacement, isolation 

!   High-mass sideband only for 
background model 

!   Use identical selection for Bs→J/ψ φ  
reference mode 

!   Physics backgrounds from Monte Carlo 
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Confirmation of f0(980) 
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Di-pion mass distribution consistent with 
f0. Shape parameters from BES. 

Helicity angles consistent with P→PV decay 
After efficiency correction 



B0
s→φφ at the TeVatron	


!   First measurement of BR (CDF-Pub-10064) and first 
measurement of polarization (CDF-Pub-10120). 
—  Found large transverse polarization                             

(|A|||2+|A⊥|2)/|A0|2 = 1.9±0.2 in disagreement with 
SM, naïvely <<1 

!   CP violation expected very tiny, however NP could 
enhance it. 

!   The best hard way: full tagged and time-dependent 
analysis, but statistics still too small. 

!   However Triple Products (TP) Asymmetries are 
expected zero in SM.  NP could affect those. 

!   Experimentally accessed by asymmetry of 
distribution of two angular function u and v. 
Theoretical details in Int. J. of Mod. Phys. A, 19:2505 
(2004)  and arXiv:1103.2442. 
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A||A⊥ 
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I. INTRODUCTION

The angular analysis of penguin-mediated B meson decays into two vector mesons, as B0
s→φφ, can provide evidence

for physics beyond Standard Model(SM). The time-integrated angular analysis has been first performed by CDF and

allows the measurement of the CP-averaged decay amplitudes of the three helicity states [1]. The amplitudes, given

in terms of one longitudinal (A0) and two transverse (A� and A⊥) polarization amplitudes, result in a dominant

transverse polarized fraction in disagreement with the näıve SM expectation. Explanation involving either New

Physics (NP) [2, 3] or corrections to naive expectation within the SM, either through penguin annihilation [4–6] or

final state interactions [7–10], have been proposed.

Present statistics of the B0
s→φφ data sample does not allow investigations of mixing induced CP-violation. However,

a class of CP-violating observables which can reveal the presence of NP are the Triple Products asymmetries [11].

Triple Products (TP) take the form �p · (�ε1×�ε2), where �p is a momentum and both �εi can be either spins or momenta.

Triple products are odd under time reversal (T), therefore they are sensitive to CP violation assuming CPT invariance.

The TP’s asymmetry is defined as:

ATP =
Γ(�p · (�ε1 × �ε2) > 0)− Γ(�p · (�ε1 × �ε2) < 0)

Γ(�p · (�ε1 × �ε2) > 0) + Γ(�p · (�ε1 × �ε2) < 0)
, (1)

where Γ is the decay rate for the given process. Most of these TP’s asymmetries are expected to be small in the SM,

but can be enhanced in the presence of NP [12].

We report the first investigation on TP’s asymmetries of the B0
s→φφ decay, reconstructed from the detection of

the charged kaon pairs from the φ’s, B0
s → φφ → [K+K−

][K+K−
], in the same data sample used for the polarization

amplitudes measurement [1]. This correspond to an integrated luminosity of 2.9 fb
−1

, where about 300 B0
s → φφ

decays are reconstructed. Without tagging initial flavor of the B0
s mesons the decay rate is just the sum of the B0

s and

the B̄0
s one, produced in equal proportion at Tevatron. In the untagged case the TP’s asymmetries are proportional

to the so called true Triple Products, that is a true CP violating effect. The so called fake Triple Products are not

accessible instead in the untagged case and are not discussed here [11, 12].

II. ATP’S IN B0
s→φφ

In the B0
s→φφ decay two TP’s exist, given by the interference terms of the CP even and CP odd decay amplitudes.

The first, TP1, is �(A�A
�
⊥); the second, TP2, is �(A0A�

⊥).

The differential decay rate for the B0
s → φφ → [K+K−

][K+K−
] decay chain as function of the helicity angles is

fully described in ref [1]. The definition of the helicity angles �ω = (cosϑ1, cosϑ2,Φ) is shown graphically in fig. 1.

FIG. 1: Sketch of the helicity angles. Defining the direction of momentum of the φi (i = 1, 2) in the B rest frame as

q̂i, ϑi is the angle between q̂i and the momentum of the K+
i , defined in the rest frame of the φi; the Φ angle is the

angle between the decay planes of the φ’s.

The decay rate as a function of time and the helicity angles can be written as

d4Λ(�ω, t)

dtd�ω
=

9

32π

6�

i=1

Ki(t)fi(�ω), (2)



First measurement of CPV in B0
s→φφ   

!   No tagging and time-dependent 
analysis is required. 

! Unbinned ML fit: 
—  Signal asymmetry enter directly 

the Likelihood. 
—  Backg. Asymmetry consistent with 

0. 

!   Sensitive to CP Violation both in 
mixing and decay. 
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CDF-Pub-10424 

Au = (!0.8± 6.4±1.8)%
Av = (!12.0± 6.4±1.6)%



χ: New CDF Measurement 

! Dimuon data sample 
—  1.4 fb-1  

—  Use impact parameter to identify source of muons: 
 b, c, prompt 

!   Same technique as bb cross-section measurement 

!   2D fit of d0 using templates from Monte Carlo 

!   Constraints on b,c→K,π→µ also from MC 

!   Much tighter selection than earlier measurements 
—  Requires hit in silicon layer 1.7cm far from beam 
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Extracting χ  

!   Many sources of dimuons in bb events 
—  b semileptonic decay 

—  b→ c→µ  sequentials 

—  b→ ψ → µ	


—  Hadron fakes 

!   Use MC to derive wrong-charge fraction 

!   Result: χ=0.127± 0.008 
—  Includes systematic uncertainty on wrong-charge correction 

—  Compare to LEP:  0.126 ±0.004 
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!   The main challenge: suppressing detector charge 
asymmetries at the per mille level. 

!   Fully data driven technique using huge sample of 
Cabibbo-favored tagged and untagged D0 → K-π+	


!   Basic assumption: ppbar strong interactions are 
charge symmetric.  

!   World’s best measurements. 
—  CDF very sensitive to mixing induced effects, 

because of impact parameter requirements. 

!   Fully consistent with small CP violation. 
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Figure 7: Comparison of our measurements with B-factories experiments assuming no direct (a)-(c) or indirect (b)-(d) CP
violation. In each plot the 1σ band of the average between B-factories measurements is represented in blue, while in green we
report the new average computed including also these preliminary results.
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CPV in D0 → h+h-	
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BR(B0
s→µ+µ-) is obtained  by normalizing to the number of B+→ J/ψK+ →[µ+µ-]K+ where 

µ+µ-vertex is reconstructed in the ”same” manner (similar for B0). 
 

B→µ+µ- - Strategy  

B+→ J/ψK+ decays from data 

From PDG08 

B0
s→µ+µ- decays at 95%CL  

TriggerAcceptance ratio from MC  
Rec. efficiency ratio 
from MC/DATA 

Efficiency of NN requirement from MC  
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B→µ+µ-  - Selection 

Selection based on following kinematics 
discriminating variables: 
 
Transverse momentum of candidate pT

µ+µ- (>4GeV) 

Transverse lower momentum of muon track  pT 
Proper decay time λ=L3D×Mµµ/|pµ+µ-| 	

Significance of proper decay time λ/σλ (>2) 
3D opening angle  Δα   (<0.7 rad)  
Isolation of B candidate  I  (>0.5) 
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