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• Winter 2012 results - A selection of recent results

• CDF Bs → μμ search (full dataset)
• CDF Bs → J/ψΦ (full dataset)
• DØ Bs → J/ψf ’2(1525) (recently submitted, full dataset)
• DØ New State decaying to Υ(1S) + γ
• DØ Λb Lifetime (Λb → J/ψΛ0) (recently submitted, full dataset)
• CDF CP Violation in Charm (full dataset)

• Other recent results not covered here
• CDF: Br(Bs→J/ψφ) and fs/fd; Br(Bs→DS(*)DS(*)); D Meson 

Fragmentation; CPV in D0→Ksππ; Υ(ns) Spin Alignment; Bc 
Lifetime

• DØ: Absl Anomalous Dimuon, Bs → J/ψf0(980)
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CDF: Bs →μμ (full dataset)
• SM prediction (A. Buras et al., arXiv:1012.2126) : 

           Br (Bs→μμ)=(3.2±0.2)×10−9
                 Br (Bd→μμ)=(1.0±0.1)×10−10 

• New Phenomena could lead to much higher BR.

• CDF 2011 result showed a 2.7σ deviation above
the expected background. 
Phys. Rev. Lett. 107, 191801 (2011)

• This result has been updated with the complete
Tevatron dataset (30% increase in the dataset) . 

• CDF uses the same data selection  with no 
improvements to test the result.

• In Bd the extracted limit is <4.6x10-9 (consistent with background)
expected limit 4.2x10-9 
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B�µµ !
SM rates well understood 
BR(Bs��µ+µ-)=(3.2±0.2)×10-9, BR(B��µ+µ- )=(1.0±0.1)×10-10 
 
Important constraint for BSM building. 
 
Long history of  Tevatron searches brought down over orders 
of  magnitude the upper limit to the 10-8 range. 
 
Until last summer… 
 

8"

Interesting ~2.5
 deviation from 
bkg observed by CDF in 7 fb-1. 
 
Compatible with other experiments 
and SM. 
 
CDF update the analysis with whole 
Run II sample (10 fb-1, +30% data) 
while keeping the analysis unchanged. 
No improvement with BDT. 
 
 
 

August 2011 

NEW!
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CDF: Bs →μμ (full dataset)
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Bs

2-sided limit - 

reduced 
significance 

slightly to about 
2.2σ
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CDF: Bs →μμ (full dataset)
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CDF: Bs →J/ψ Φ (full dataset)

• Analysis of full data set: ~11k events 

• low pT dimuon trigger. 
CDF: Off-line optimised NN selection; 
DØ: BDT/square cuts.

• joint fit to mass, production flavour, decay-
time, decay-angles
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Exploit interference between Bs��J/
� decays w/ 
and w/o  flavor oscillations. 
 
"  low pT dimuon trigger. Off-line optimized NN 

selection @CDF; BDT/square cuts @DØ. 
 
"  joint fit to mass, production flavor, decay-time, 

decay-angles 

Strategy!
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Look at other B (εD2~1.4%)  
+ 

Look at K in fragmentation 
with Bs (εD2~3%)  

Disentangle  
CP-even/CP-odd 

final state 
 

Include J/
KK S-wave 
contribution 

 

Trace the time-
evolution and fast 

Bs oscillations  

NEW!
~11 000 

signal events 
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CDF: Bs →J/ψ Φ (full dataset)
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Mixing Phase Bounds!
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SM p-value = 29.8%
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Both experiments consistent with SM (< 1
). 

Strong phases fitting range 
restricted based on B��J/
K* 



ϕs = -0.55+0.38

-0.36 rad 
 

 PRD 85, 032006 (2012)"

NEW!

CDF Note 10778 

CDF Note: 10778 
0.05 0.1 0.15 0.2−0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

−1CDF II 9.6 fb

−1LHCb 1 fb

−1D0 8 fb

SM

s��

1.4 1.45 1.5 1.550.5

1

1.5

2

2.5

3

3.5

4

−1CDF II 9.6 fb

−1LHCb 1 fb

−1D0 8 fb

s�

Decay Width Difference and Lifetime!
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Very interesting to constrain ASL (for 
instance, A. Lenz @Moriond EW 2012) 
 

DØ:  ∆Γs = 0.163 +0.065
-0.064  ps-1 

     τs = 1.443 +0.038
-0.035 ps 

 
 
 
 

 PRD 85, 032006 (2012)"

Assuming SM CP-violation, new CDF 
measurement with full Run II dataset 

 
 
 
 

∆Γs = 0.068 ± 0.026 ± 0.007 ps-1 
 

  τs = 1.528 ± 0.019 ± 0.009 ps 
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Comparison - All Experiments
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DØ Bs → J/ψf ’2(1525) (full dataset)
• submitted to PRD arXiv:1204.5723 

• Analysis Outline: 

• Determine identity of decay; 
Extract Bs → J/ψf ’2(1525) yield from fitting Bs yield vs M(KK); 
Measure the Spin.

• f’2(1525) decays to KK, f0(1500) large ππ - observe only KK.

• Major Background is K*J(1430) 
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Data favour J=2, but also consistent with a 
coherent superposition of J=0 and J=2.

Incompatible with J=0 or J=1

http://arxiv.org/abs/1204.5723
http://arxiv.org/abs/1204.5723
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DØ Bs → J/ψf ’2(1525) (full dataset)
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• Combined fit - includes 
relativistic BW with J=2 plus a 
constant S-wave contribution

• Constant fraction = 0.33 ±0.09

Compare with LHCb result 
(PRL, 108, 151801 (2012)
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DØ: New State decaying to Υ(1S) + γ
• Confirmation of ATLAS observation (arXiv:1112.5154) 
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?�b(3P )?

� ! ee

65 ± 11

Is this 
the χb(3P)?
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Λb Lifetime (→ J/ψΛ0) 

• CDF 2011 Result 2σ above WA

• Theoretical prediction (HQET): 
PRD 70, 094031 (2004)

12

2

mµ
150 200 250 300 350 400 450 500

 lifetimebΛ

PDG (2011)

Λψ), J/-1CDF (2011, 4.3 fb

-π+
cΛ), -1CDF (2010, 1.1 fb

Λψ), J/-1DØ (2007, 1.2 fb

Xνµ+
cΛ), -1DØ (2007, 1.3 fb

-l+lΛ + -lcΛDELPHI (1999), 

-l+lΛ + -lcΛOPAL (1998), 

-l+lΛ + -lcΛALEPH (1998), 

 -lcΛCDF (1996, Run I) 

 lifetimebΛ

FIG. 1: Λb lifetime measurements.

and inconsistent with the expected hierarchy τBΛb
< τBd

[10]. We hope that a final DØ lifetime measurement in the
J/ψΛ channel will be helpful to solve the Λb lifetime puzzle.

II. RECONSTRUCTION AND SELECTION

A. Dataset

In this analysis we use the full DØ Run II dataset, which consists of:

1. Run IIa: April 20, 2002 - February 22, 2006 (151817 ≤ Runs ≤ 219000) , up to 1.3 fb−1.

2. Run IIb1: June 9, 2006 - August 4, 2007 (222028 ≤ Runs ≤ 234913), up to 2.8 fb−1.

3. Run IIb2: October 28, 2007 - June 13, 2009 (237342 ≤ Runs ≤ 252918), up to 6.1 fb−1.

4. Run IIb3: September 14, 2009 - July 17, 2010 (255329 ≤ Runs ≤ 262856 ), up to 8.1 fb−1.

5. Run IIb4: August 21, 2010 - September 30, 2011 (264071 ≤ Runs ≤ 275727 ), up to 10.4 fb−1.

The data used in this analysis satisfied muon or dimuon trigger requirements. Events recorded only by triggers
with IP conditions will be discarded in the final data sample.
“Bad” or “Special” runs, in the SMT, CFT or Muon subsystems, according to the dq_defs v2011-09-30, are

considered “bad runs”, and are removed from the selection.

B. Extended AATrack reconstruction

The observation of the Ξb baryon at DØ [11] had been impossible without the use of an extended algorithm in
AATrack which allows tracks with IP greater that 2.5 cm to be reconstructed in D0Reco.
The Standard AATrack reconstruction limits the radius of curvature of the tracks to Rmin = 30 cm (pT > 0.18

GeV/c) in Run IIa and 75 cm in Run IIb (pT > 0.45 GeV/c). It also constrains the IP of the tracks and the maximum

• Current best results
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• Consistent  with theoretical prediction 

• 2.2σ discrepancy with CDF result 

• Need additional measurement (LHC experiments?)
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Λb → J/ψΛ0
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The numbers of signal events, derived from fs, are
755± 49 (Λ0

b) and 5671± 126 (B0). Figure 2 shows the
λ distributions for the Λ0

b and the B0 candidates. Fit
results are superimposed.

We investigate possible sources of systematic uncer-
tainties on the measured lifetimes related to the models
used to describe the mass, λ, and σλ distributions. For
the mass we consider a double Gaussian to model the
signal peak instead of the nominal single Gaussian, an
exponential function for the prompt background in place
of a constant function, and a second order polynomial
for the non-prompt background. The alternative mass
models are combined in a single maximum likelihood fit
to take into account correlations between the effects of
the different models, and the difference with respect to
the result of the nominal fit is quoted as the systematic
uncertainty on the mass model. For λ we study the fol-
lowing variations: the introduction of a second Gaussian
function along with a second scale factor to model the
resolution, the exponential functions in the non-prompt
background replaced by exponentials convoluted with the
resolution function, one non-prompt negative exponen-
tial instead of two, and one long positive exponential
together with a double-Gaussian resolution as a substi-
tute for two non-prompt exponentials and one Gaussian
resolution. All λ model changes are combined in a fit,
and the difference between the results of this fit and the
nominal fit is quoted as the systematic uncertainty due
to λ parametrization. For σλ we use two different ap-
proaches: we use the distribution extracted from data by
background subtraction, parameterized similarly to the
nominal background σλ model, instead of the MC model,
and we use σλ distributions from MC samples generated
with different Λ0

b (B0) lifetimes. The largest variation in
the lifetime (with respect to the nominal measurement)
between these two alternative approaches is quoted as
the systematic uncertainty due to σλ parametrization.
Residual effects due to contamination from partially re-
constructed b hadrons in the samples are investigated by
changing the requirement on the invariant mass of the
Λ0
b and B0 candidates which are included in the likeli-

hood fits: the threshold is moved to lower (higher) in-
variant masses by 40 (20) MeV/c2, where 40 MeV/c2 is
the resolution on the invariant mass of the reconstructed
signal. The largest variation in the lifetime is quoted as
the systematic uncertainty due to possible contamination
from partially reconstructed b hadrons. In the lifetime
fit the contamination from the fully reconstructed decay
B0

s → J/ψK0
S is assumed to have little impact on the

final result. To test this assumption the B0
s → J/ψK0

S
contribution is included in the non-prompt component.
The lifetime shift is found to be negligible. The sys-
tematic uncertainty due to the alignment of the SMT
detector was estimated in a previous study [6] by recon-
structing the B0 sample with the positions of the SMT
sensors shifted outwards radially by the alignment uncer-

TABLE I: Summary of systematic uncertainties on the mea-
surements of cτ (Λ0

b) and cτ (B0), and on their ratio. Individ-
ual uncertainties are combined in quadrature to obtain the
total uncertainties.

Source Λ0
b (µm) B0 (µm) Ratio

Mass model 2.2 6.4 0.008
Proper decay length model 7.8 3.7 0.024
Proper decay length uncertainty 2.5 8.9 0.020
Partially reconstructed b hadrons 2.7 1.3 0.008
B0

s → J/ψK0
S – 0.4 0.001

Alignment 5.4 5.4 0.002
Total 10.4 12.9 0.033

tainty and then fitting for the lifetime. The systematic
uncertainties are summarized in Table I.
We perform several cross-checks of the lifetime mea-

surements. We extract the signal yield in bins of λ by
fitting the mass distribution in each of these regions.
From these measurements, lifetimes are obtained by the
χ2 minimization of the signal yield expected in each λ
bin according to the first term in Eq. 1. While this
method is statistically inferior with respect to the maxi-
mum likelihood fit, it is also less dependent on the mod-
eling of the different background components. The re-
sults of this study are cτΛ0

b
= 391.4±35.8 (stat.) µm and

cτB0 = 458.3 ± 8.9 (stat.) µm. The sample is also split
into different data taking periods, η regions, and num-
bers of hits in the SMT detector. All results obtained
with these variations are consistent with our measure-
ment. In order to check that the optimization procedure
does not give a potential bias to the selection, we verify
that our results remain stable when all requirements in
variables used in the optimization process are removed
one at a time, when looser and tighter requirements are
applied to kinematic variables, and when multiple candi-
dates that pass all selection requirements per event are
allowed. The results also remain stable after removing
the high-end tail (above 100 µm) of the σλ distribution,
mainly populated by background events. We also cross
check the fitting procedure and selection criteria by mea-
suring the Λ0

b and B0 lifetimes in MC events. The life-
times obtained are consistent with the input values.
In summary, using the full data sample collected by the

D0 experiment, we measure the lifetime of the Λ0
b baryon

in the J/ψΛ0 final state to be

τ(Λ0
b) = 1.303± 0.075 (stat.)± 0.035 (syst.) ps, (2)

consistent with the world-average, 1.425 ± 0.032 ps [4].
The method to measure the Λ0

b lifetime is also used for
B0 → J/ψK0

S decays, for which we obtain

τ(B0) = 1.508± 0.025 (stat.)± 0.043 (syst.) ps, (3)

in good agreement with the world average, 1.519 ±
0.007 ps [4].
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uncertainties are summarized in Table I.
We perform several cross-checks of the lifetime mea-

surements. We extract the signal yield in bins of λ by
fitting the mass distribution in each of these regions.
From these measurements, lifetimes are obtained by the
χ2 minimization of the signal yield expected in each λ
bin according to the first term in Eq. 1. While this
method is statistically inferior with respect to the maxi-
mum likelihood fit, it is also less dependent on the mod-
eling of the different background components. The re-
sults of this study are cτΛ0

b
= 391.4±35.8 (stat.) µm and

cτB0 = 458.3 ± 8.9 (stat.) µm. The sample is also split
into different data taking periods, η regions, and num-
bers of hits in the SMT detector. All results obtained
with these variations are consistent with our measure-
ment. In order to check that the optimization procedure
does not give a potential bias to the selection, we verify
that our results remain stable when all requirements in
variables used in the optimization process are removed
one at a time, when looser and tighter requirements are
applied to kinematic variables, and when multiple candi-
dates that pass all selection requirements per event are
allowed. The results also remain stable after removing
the high-end tail (above 100 µm) of the σλ distribution,
mainly populated by background events. We also cross
check the fitting procedure and selection criteria by mea-
suring the Λ0

b and B0 lifetimes in MC events. The life-
times obtained are consistent with the input values.
In summary, using the full data sample collected by the

D0 experiment, we measure the lifetime of the Λ0
b baryon

in the J/ψΛ0 final state to be

τ(Λ0
b) = 1.303± 0.075 (stat.)± 0.035 (syst.) ps, (2)

consistent with the world-average, 1.425 ± 0.032 ps [4].
The method to measure the Λ0

b lifetime is also used for
B0 → J/ψK0

S decays, for which we obtain

τ(B0) = 1.508± 0.025 (stat.)± 0.043 (syst.) ps, (3)

in good agreement with the world average, 1.519 ±
0.007 ps [4].

Extract lifetimes

in agreement with WA results

• arXiv:1204.2340

http://arxiv.org/abs/1204.2340v1
http://arxiv.org/abs/1204.2340v1
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CDF - CP Violation in Charm
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• Previous results

• CDF 2011: use displaced track triggers to obtain huge data 
samples  PRD85, 012009 (2012)

• LHCb 2012: 3.5σ deviation from SM PRL 108, 111602 (2012)

•

CP Violation in Charm!
Probe the up-quark sector. 
Direct CPV >1% level suggestive of  NP. 
 
CDF 2011: trigger on displaced tracks - huge 
charm samples and unprecedented sensitivity in  

ACP(D��K+K-) = (-0.24 ±0.22 ± 0.10)% 
ACP(D��π+π-) = (+0.22 ±0.24 ± 0.11)% 

PRD85, 012009 (2012) 
 

 
�ACP = ACP(D��K+K-) – ACP(D��π+π-)     

maximally sensitive to NP.  
 

Experimentally convenient:  
instrumental asymmetries cancel. 

 

First evidence of  CPV in charm from LHCb  
�ACP = (-0.82 ± 0.21 ± 0.11)%, 3.5σ from zero. 

arXiv1112.0938 
 

Independent confirmation crucial to establish it. ]2-mass [GeV/c-�+�Invariant 
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CDF - ΔACP with the Full Dataset
• Optimised data selection for ΔACP doubling the signal

• loosened selection (removing IP requirement)

• Get D0 flavour from D*→ D0π
• the soft pion induces O(1%) asymmetries - use difference to 

cancel detector based effects and accentuate effect of NP. 
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�ACP with Full Run II Dataset!

Optimize off-line selection for �ACP 
"  loosen selection requirements (no D0 I.P. cut) w.r.t. 5.9 fb-1 analysis: 

no need of  D0 �Kπ. 
"  about double signal events. 
 

D0 flavor through D* �D�πs 
"  soft pion induce O(1%) artificial asymmetries. 
     Cancel detector effects by differences of  raw asymmetries:  
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NEW!
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CDF - ΔACP with the Full Dataset

• Consistent with the 
LHVb result (same 
sensitivity).

• When combining 
using HFAG method 
the result is ~4σ 
from SM result of 
zero. 
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Charm(ing) Result!

 
Confirm LHCb result 
�ACP=(-0.82 ± 0.21 ± 0.11)% 
 
When combining à la HFAG 
No CPV point is at  
~4σ from zero 
 
�ACP

dir = (-0.67 ± 0.16)% 
    ACP

ind = (-0.02 ± 0.22)%  
   

 CDF Note 10784"
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~4σ "

∆ACP = (-0.62 ± 0.21(stat) ± 0.10(syst))% 
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Summary

• Tevatron still producing new, high impact results with 
the Full Run II dataset

• CPV in Charm sector!
CDF confirms LHCB's evidence of CPV in charm with 
same precision !

• Rare B decays. 
extension to full sample confirms summer result.

• Bs mixing 
Closer to SM expectations.

• Confirmation of Bs → J/ψf ’2(1525) - J=2 confirmed 

• ASL needs independent confirmation! 

• Confirmation of Χb.

• DØ Λb Lifetime consistent with HQET

17
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Summary

• Tevatron still producing new, high impact results with 
the Full Run II dataset

• CPV in Charm sector!
CDF confirms LHCB's evidence of CPV in charm with 
same precision !

• Rare B decays. 
extension to full sample confirms summer result.

• Bs mixing 
Closer to SM expectations.

• Confirmation of Bs → J/ψf ’2(1525)

• ASL needs independent confirmation! 

• Confirmation of Xb.

• DØ Λb Lifetime consistent with HQET
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Many more results to 

Come 
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Backup Slides
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D0 - Dimuon Charge Asymmetry

• Anomalous Dimuon - 
3.9σ deviation from SM 
expectations

20

23

TABLE XXIII: Values of Ab
sl with their statistical and sys-

tematic uncertainties obtained for different IP selections.

Selection Sample Central Uncertainty ×102

value ×102 statistical systematic

All events
1µ –1.042 1.304 2.313
2µ –0.808 0.202 0.222

comb. –0.787 0.172 0.093

IP < 50 µm
1µ –3.244 4.101 7.466
2µ –2.837 0.776 1.221

comb. –2.779 0.674 0.694

IP > 50 µm
1µ –0.171 0.343 0.311
2µ –0.593 0.257 0.074

comb. –0.533 0.239 0.100

IP < 80 µm
1µ –1.293 3.282 5.841
2µ -1.481 0.541 0.810

comb. -1.521 0.458 0.501

IP > 80 µm
1µ –0.388 0.280 0.179
2µ –0.529 0.285 0.048

comb. –0.472 0.226 0.091

IP < 120 µm
1µ –1.654 2.774 4.962
2µ –1.175 0.439 0.590

comb. –1.138 0.366 0.323

IP > 120 µm
1µ –0.422 0.240 0.121
2µ –0.818 0.342 0.067

comb. –0.579 0.210 0.094

TABLE XXIV: Mean mixing probability (χd) obtained in sim-
ulation, and the coefficients Cd and Cs in Eq. (2), used for
different selections.

Sample χd(MC) Cd Cs

IP<50 0.059 ± 0.002 0.316 ± 0.021 0.684 ± 0.021
IP<80 0.069 ± 0.002 0.351 ± 0.022 0.649 ± 0.022
IP<120 0.084 ± 0.002 0.397 ± 0.022 0.603 ± 0.022
IP>50 0.264 ± 0.004 0.674 ± 0.020 0.326 ± 0.020
IP>80 0.299 ± 0.004 0.701 ± 0.019 0.299 ± 0.019
IP>120 0.342 ± 0.004 0.728 ± 0.018 0.272 ± 0.018

leptonic neutral B decay. The residual charge asymme-
try of like-sign dimuon events after taking into account
all background sources is found to be

Ares = (−0.246 ± 0.052 (stat) ± 0.021 (syst))%. (57)

TABLE XXV: Measured values of ad
sl and as

sl for different
muon IP thresholds. In each column, the measurements us-
ing the samples with muon IP larger and smaller than the
given threshold are combined. We also give the correlation
ρds between ad

sl and as
sl.

Quantity muon IP threshold
50 µm 80 µm 120 µm

ad
sl × 102 +1.51 ± 0.93 +0.42 ± 0.68 −0.12 ± 0.52

as
sl × 102 −4.76 ± 1.79 −2.57 ± 1.34 −1.81 ± 1.06

ρds −0.912 −0.857 −0.799

It differs by 4.2 standard deviations from the standard
model prediction.

Separation of the sample by muon impact parameter
allows for separate extraction of ad

sl and as
sl. We obtain

ad
sl = (−0.12 ± 0.52)%,

as
sl = (−1.81 ± 1.06)%. (58)

The correlation ρds between these two quantities is

ρds = −0.799. (59)

The uncertainties on ad
sl and as

sl do not allow for the
definitive conclusion that as

sl dominates the value of Ab
sl.

Our results are consistent with the hypothesis that
the anomalous like-sign dimuon charge asymmetry arises
from semi-leptonic b-hadron decays. The significance of
the difference of this measurement with the SM predic-
tion is not sufficient to claim observation of physics be-
yond the standard model, but it has grown compared to
our previous measurement with a smaller data sample.
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APPENDIX A: COMBINATION OF TWO
MEASUREMENTS USING α SCAN

In this analysis, the value of Ab
sl is obtained from the

linear combination in Eq. (13). The parameter α is se-
lected to minimize the total uncertainty on Ab

sl, taking
into account the correlation among different contribu-
tions to the uncertainty on Ab

sl. This procedure is equiv-
alent to the standard procedure of taking a weighted av-
erage.

To demonstrate this, we consider a model in which we
obtain the quantity x using two measurements a and A.
Suppose that a and A depend linearly on x:

a = kx + b,

A = Kx + B, (A1)

where k, K, b, and B are parameters determined in the
analysis, and correspond to the measurement of Ab

sl. Us-

• Need to investigate in as many 
different ways as possible.

• flavour-specific measurements, 
integrated mixing probability, further IP studies.
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DØ Λb Lifetime (→ J/ψΛ0) (full dataset)

• Submitted to PRD-RC on Wednesday (arXiv:1204.2340)
Makes use of full dataset

• Use two similar processes: 
Λb → J/ψΛ0 and Bd → J/ψKs 

where J/ψ → μμ, Ks →ππ, Λ0 →pπ

• Use selection criteria that does not bias the lifetime 
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Λb → J/ψΛ0
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Bd → J/ψKs 
5671 ± 126

http://arxiv.org/abs/1204.2340v1
http://arxiv.org/abs/1204.2340v1
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DØ: New State decaying to Υ(1S) + γ

• Interpretation - 
the new state has 
not been fully identified.

• Narrow Structure

• Branching ratios? 
Spin structure?
Just one state?

22

C. Buszello - Confirmation of Narrow Resonance

Interpretation
• DØ currently only 

sees decay to ϒ(1S) 
• ... calls it a narrow 

structure (Xb)
- Branching ratios?
- Spin structure?
- Just one state?

• DØ’s  mass:
- 10.551 GeV         

±0.009 GeV (stat.)
±0.017 GeV (syst.)
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Phys.Rev.D38:279,1988     
m(χb(3P)) ≈ 10.520 GeV
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Xb    ≈10.53 - 10.55 GeV
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m(BB*) ≈ 10.545 GeV¯
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