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• Winter 2012 results - A selection of recent results

• CDF Bs → μμ search (full dataset)
• DØ Absl Anomalous Dimuon
• CDF Bs → J/ψΦ (full dataset)
• DØ Bs → J/ψf ’2(1525) (Hot off the press, full dataset)
• DØ New State decaying to Υ(1S) + γ
• DØ Λb Lifetime (Λb → J/ψΛ0) (Hot off the press, full dataset)
• CDF CP Violation in Charm (full dataset)

• Other recent results not covered here
• CDF: Br(Bs→DS(*)DS(*)), D Meson Fragmentation, 

CPV in D0→Ksππ, Υ(ns) Spin Alignment, Bc Lifetime
• DØ: Bs → J/ψf0(980)

2



Iain Bertram - SM@LHC 2012

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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D0 - Dimuon Charge Asymmetry

• Anomalous Dimuon - 
3.9σ deviation from SM 
expectations
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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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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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Signal Events

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 

]2 Mass [GeV/c-K+ KsJ/
5.3 5.35 5.4 5.45

2
C

an
di

da
te

s 
pe

r 1
 M

eV
/c

0

100

200

300

400

500

600

700

800

-1CDF Run II Preliminary L  = 9.6 fb
 111±10950 

Signal Events



Iain Bertram - SM@LHC 2012

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* 
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NEW!

CDF Note 10778 

CDF Note: 10778 
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Decay Width Difference and Lifetime!

17"

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)
• Preliminary result - to be submitted next week. 

• 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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FIG. 8: (color online.) The B0
s signal yield as a function of

M(K+K−) obtained from the fits shown in Fig. 7.
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FIG. 9: Invariant mass distribution of the meson pair from
the B0

s candidates in the mass range 5.4 < M(J/ψK+K−) <
5.6 GeV, under the K±π∓ hypothesis. The curve shows the fit
of a relativistic Breit-Wigner J = 2 resonance at a fixed mass
of 1.43 GeV and with a floating width, over a background
described by a second-order polynomial function,

angles. We define them as follows: θH is the angle be-214

tween the direction of µ+ and B0
s direction in the J/ψ215

rest frame, ψ is the angle of the K+ meson with respect to216

the B0
s direction in the K+K− rest frame, and φH is the217

angle between the two decay planes, as shown in Fig. 11.218

The angular distribution for the decay of a spinless me-219

son into the spin-one meson J/ψ and a meson of un-220

known spin J can be expressed in terms of H1 = cos θH ,221

H2 = cosψ, and φH as follows [9]:222

dΓ

dΩ
∝

∣

∣ΣAJmY m
1 (H1,φH)Y −m

J (−H2, 0)
∣

∣

2
D(Ω), (1)

where Ω = H1,φH ,H2, Y m
J are spherical harmonics, AJm223

are complex amplitudes corresponding to spin J and he-224

licity m, and the sum extends over equal helicities of the225

daughter particles, m = 0 or m = ±1. The factor D is226
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FIG. 10: (color online.) Invariant mass of the B0
s candi-

dates with 1.45 < M(K+K−) < 1.6 GeV. Curves show (a)
the result of the fit allowing for a free signal yield (dashed-
dotted red) and a background composed of a free mixture
of B0 → J/ψK∗

J(1430) decays (dashed green) and a combina-
toric component described by a first order polynomial (dotted
blue); and (b) the result of the fit assuming the same back-
ground model but setting the signal rate to zero.
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FIG. 11: Definition of helicity angles θH , φH , and ψ in the
sequential decay B0

s → J/ψX, J/ψ → µ+µ−, X → K+K−.

Preliminary
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FIG. 14: (color online.) The | cosψ| distribution for the decay
B0

s → J/ψX, X → K+K− in the range 1.45 < M(K+K−) <
1.6 GeV. The curves are best fits assuming pure J = 0 (dashed
green), pure J = 2 (dashed-dotted red), pure J = 1 (dotted
blue) and a coherent sum of J = 0 and J = 2 (solid black).

J = 2 states. With F20 = 1, we obtain the S-wave253

fraction of F0 = 0.17± 0.14 and a fit probability of 0.61.254

VII. SIGNAL YIELD255

The measured decay rate of a resonant particle as256

a function of the invariant mass of the final state,257

is described by the relativistic Breit-Wigner function258

(RBW) [1] convoluted with detector resolution.259

To obtain the detector resolution, we use simulated260

B0
s → J/ψf

′

2(1525) decays where the J/ψ is forced to261

decay into two muons and the f
′

2(1525) into two kaons.262

The fitted M(K+K−) distribution for the simulation is263

shown in Fig. 15. Fixing the mass and natural width264

parameters at their input values, M = 1525 MeV and265

Γ0 = 73 MeV, and using the range parameter [1] R =266

5.0 GeV−1, we obtain σ(M) = (22 ± 1) MeV.267

We fit the B0
s signal yield versus M(K+K−) from data,268

as shown in Fig. 8, to an incoherent sum of the J = 2269

component and a constant term. The result is shown270

in Fig. 16. The fit yields 669±158 f
′

2(1525) events and271

331±73 events for the constant term in the mass range272

1.4 < M(K+K−) < 1.7 GeV. The fraction of the con-273

stant term, assumed to be S wave, in this mass range is274

0.33 ± 0.09.275

VIII. RATIO OF B(Bs

0
→ J/ψf

′

2(1525)) AND276

B(Bs

0
→ J/ψφ)277

To determine an absolute branching fraction for B0
s →278

J/ψf
′

2(1525) decays, efficiencies, branching fractions, and279

the cross section need to be known, as well as the in-280

tegrated luminosity. However, terms common to the281
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FIG. 15: The M(K+K−) distribution from the simulation of

the decay B0
s → J/ψf

′

2(1525).
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FIG. 16: (color online.) Fit to the B0
s yield as a function of

M(K+K−) obtained under the assumption of a combination
of the B0 → J/ψK∗

2 (1430) and B0 → J/ψK∗
0 (1430) back-

ground, with the f
′

2(1525) line shape and a constant term for
the S wave. The total B0

s → J/ψK+K− signal is also shown.

B0
s → J/ψf ′

2(1525) and the B0
s → J/ψφ branching frac-282

tions cancel in their ratio. A measurement of the relative283

branching fraction Rf
′

2
/φ requires the yields of the two284

decays, NB0
s
→J/ψf ′

2
(1525) and NB0

s
→J/ψφ, and the recon-285

struction efficiencies of the two decay modes, ε
B0

s
→J/ψφ

reco286

and ε
B0

s
→J/ψf ′

2
(1525)

reco :287

Rf
′

2
/φ =

B(B0
s → J/ψf ′

2(1525); f ′
2(1525) → K+K−)

B(B0
s → J/ψφ;φ→ K+K−)

=
NB0

s
→J/ψf ′

2
(1525) × ε

B0

s
→J/ψφ

reco

NB0
s
→J/ψφ × ε

B0
s
→J/ψf ′

2
(1525)

reco

, (4)

where NB0
s
→J/ψf ′

2
(1525) is determined in the mass range288

1.4 < M(K+K−) < 1.7 GeV and NB0
s
→J/ψφ in the mass289

range 1.01 < M(K+K−) < 1.03 GeV. The only differ-290

ence in the event selection for the two channels is the291

Preliminary

Data favour J=2, but also consistent with a 
coherent superposition of J=0 and J=2.

Incompatible with J=0 or J=1
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DØ Bs → J/ψf ’2(1525) (full dataset)
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FIG. 14: (color online.) The | cosψ| distribution for the decay
B0

s → J/ψX, X → K+K− in the range 1.45 < M(K+K−) <
1.6 GeV. The curves are best fits assuming pure J = 0 (dashed
green), pure J = 2 (dashed-dotted red), pure J = 1 (dotted
blue) and a coherent sum of J = 0 and J = 2 (solid black).
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We fit the B0
s signal yield versus M(K+K−) from data,268
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FIG. 16: (color online.) Fit to the B0
s yield as a function of

M(K+K−) obtained under the assumption of a combination
of the B0 → J/ψK∗

2 (1430) and B0 → J/ψK∗
0 (1430) back-

ground, with the f
′

2(1525) line shape and a constant term for
the S wave. The total B0

s → J/ψK+K− signal is also shown.
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→J/ψφ × ε

B0
s
→J/ψf ′

2
(1525)

reco

, (4)

where NB0
s
→J/ψf ′

2
(1525) is determined in the mass range288

1.4 < M(K+K−) < 1.7 GeV and NB0
s
→J/ψφ in the mass289

range 1.01 < M(K+K−) < 1.03 GeV. The only differ-290

ence in the event selection for the two channels is the291

Preliminary

• Combined fit - includes 
relativistic BW with J=2 plus a 
constant S-wave contribution

• Constant fraction = 0.33 ±0.09

12

M(Kπ) > 1 GeV condition applied for the J/ψf ′
2(1525)292

candidates.293

The yield of the B0
s → J/ψφ decay is determined by fit-294

ting the data, shown in Fig. 17, with a Gaussian function295

for the signal, a second-order polynomial for background,296

and the reflection of the decay B0
d → J/ψK∗ taken from297

simulations. The total number of B0
s → J/ψφ events is298

3790 ± 78.299
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FIG. 17: (color online.) Invariant mass distribution of B0
s can-

didates with ct > 0.02 cm for events in the mass range 1.01 <
M(K+K−) < 1.03 GeV. A fit to a sum of a Gaussian signal
(dot-dash red) a quadratic combinatorial background (dot-
ted blue), and the reflection of the decay B0 → J/ψK∗(892)
(dashed green), is used to extract the B0

s yield.

We use simulated samples of the two decay processes300

to determine the detector acceptance. For the decay301

B0
s → J/ψf ′

2(1525) the acceptance is measured to be302

(0.122 ± 0.002)% and for the decay B0
s → J/ψφ it is303

(0.149±0.002)%, which yields Rf
′

2
/φ = 0.22±0.05(stat).304

IX. SYSTEMATIC UNCERTAINTIES305

The main contributions to systematic uncertainties are306

summarized in Table I. They are evaluated as follows:307

• K∗
0 (1430) width: We vary the K∗

0 (1430) width308

within its uncertainty of 0.08 GeV [1].309

• K∗
0 (1430) template: We vary the shape of the310

K∗
0 (1430) template by altering the width of the311

dominant Gaussian component or the relative nor-312

malization of the two components within statistical313

uncertainties.314

• Combinatorial background shape: As an alterna-315

tive, we use a second-order polynomial to describe316

the combinatorial background. We also vary the317

fitting mass range.318

• Signal shape: We vary the B0
s mass scale within its319

uncertainty in data of 0.08% and the width of the320

core Gaussian component by ±10%.321

• Trigger efficiency: Due to the mass difference be-322

tween the f ′
2(1525) and φ resonances, there is a323

small difference between average muon momenta in324

the two channels. Approximately 3% more J/ψφ325

events have a leading muon with pT > 15 GeV326

and about 3% more J/ψφ events have both muons327

with pT > 3 GeV. We therefore estimate that there328

is approximately a 3% difference in the fraction of329

events that can be accepted by the triggerbetween330

the J/ψφ and J/ψf
′

2(1520) signals. Trigger sim-331

ulations confirm this estimate. We apply the 3%332

correction to Rf
′

2
/φ and assign an absolute 3% sys-333

tematic uncertainty.334

• M(K+K−) dependence of efficiency: The335

M(K+K−) dependence of the efficiency of signal336

reconstruction is obtained from a simulation. We337

assign a 2% uncertainty due to the statistical338

precision of the MC sample.339

• Helicity dependence of efficiency: The signal ac-340

ceptance is obtained from a MC sample generated341

under the assumption that the final state is not342

polarized, i.e., with the final state distributed uni-343

formly in helicity angle cos θH . We compare this344

signal acceptance with distributions corresponding345

to pure helicity 0 and 1 and assign a systematic346

uncertainty equal to the difference.347

• f
′

2(1525) natural width: The uncertainty on the348

natural width of the f
′

2(1525) resonance of 6349

MeV [1] leads to the uncertainty on Rf
′

2
/φ of 0.7%.350

TABLE I: Sources of systematic uncertainty on R
f
′

2
/φ

.

Source Uncertainty (%)
K∗

0 (1430) width 5
K∗

0 (1430) template 7
Combinatorial background shape 10

Signal shape 12
Trigger efficiency 3

M(K+K−) dependence of efficiency 2
Helicity dependence of efficiency 3

f
′

2(1525) natural width 1
Total 18

X. SUMMARY AND DISCUSSION351

We confirm the observation of the decay B0
s →352

J/ψf
′

2(1525) and measure the effective ratio of branch-353

ing fractions of the decays B0
s → J/ψf

′

2(1525) and354

B0
s → J/ψφ to be Rf

′

2
/φ = 0.22± 0.05(stat)± 0.04(syst).355

Preliminary

Compare with LHCb result 
(PRL, 108, 151801 (2012)

Preliminary
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DØ: New State decaying to Υ(1S) + γ
• Confirmation of ATLAS observation (arXiv:1112.5154) 

12

?�b(3P )?

� ! ee

65 ± 11
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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?

13

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.)

19

1--     0++       1++      2++

!(1S)

!(2S)

!(3S)
"b(2P)

"b(1P)

!(4S)

Xb

¯

Xb    ≈10.53 - 10.55 GeV

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.)

19

Kwong, Rosner 
Phys.Rev.D38:279,1988     
m(χb(3P)) ≈ 10.520 GeV

¯

Xb    ≈10.53 - 10.55 GeV

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.)

19

Törnqvist
Phys.Lett.B590:209-215,2004
m(BB*) ≈ 10.545 GeV¯

Xb    ≈10.53 - 10.55 GeV
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Λb Lifetime (→ J/ψΛ0) 

• CDF 2011 Result 2σ above WA

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

14
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 lifetimebΛ

PDG (2011)

Λψ), J/-1CDF (2011, 4.3 fb

-π+
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Λψ), J/-1DØ (2007, 1.2 fb

Xνµ+
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 -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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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

755 ± 49
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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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• Consistent  with theoretical prediction 

• 2.2σ discrepancy with CDF result 

• Need additional measurement (LHC experiments?)
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Λb → J/ψΛ0

6

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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λ distributions for the Λ0
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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
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S is assumed to have little impact on the

final result. To test this assumption the B0
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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
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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
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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].

Extract lifetimes

in agreement with WA results
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CDF - CP Violation in Charm

17

• 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:  
 

   

5"

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"

6"

~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
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Many more results to 

Come 


