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About the DØ Detector

3

• One of two general purpose detectors on 
the Tevatron, ppbar collider

• Collected data at 1.96 TeV,  2002 - 2011

• 10.4 fb-1 int. lum.

• 700,000 channel silicon microstrip tracker

• 100,000 channel scintilating fibre tracker

• 50,000 channel U/liquid Ar calorimeter

• 70,000 channel muon system

• Fast triggering, good cosmic ray rejection, 
low punch through, low pt muon detection
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arxiv.org:1204.5723 (submitted to PRD)

• Using full 10.4 fb-1 dataset

• Determination of decay identity

• f0(1500) or f’2(1525)?

• Major peaking background K*J=0,2(1430)

• Investigate spin state

• J = ?

• Relative branching ratio:

• requires signal yield and reconstruction 
efficiencies of two channels with 
common Br terms

• Use B0s → J/ψϕ

B0
s ! J/ f 0

2(1525)

B0
s ! J/ K+K�, J/ ! µ+µ�

4
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• Determination of decay identity

• K*J=0,2(1430) → K±π∓ distribution changes 
with M(K+K-) range

• f0(1500) and f2’(1525) have very different Br to 
K+K- (f2 pref.) and π+π- (f0 pref.)

• No significant Bs signal in M(π+π-) channel 
discards f0 hypothesis

B0
s ! J/ f 0

2(1525)

5

without f2 
P = 4.5x10-5

with f2 signal
P = 0.338
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• Spin state

• Find signal yield per ψ region

• Single state pref: J = 2

• Coherent superposition of J=0 
and J=2 gives better fit

• J=0 and J=1 disfavored

•

B0
s ! J/ f 0

2(1525)
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• Relative branching ratio requires signal yield 
and reconstruction efficiencies of two channels 
with common Br terms

• Use B0s → J/ψϕ

Consistent with LHCb result 
[PRL 108 151801 (2012)]

Rf 0
2/� = 0.264± 0.027 (stat)± 0.024 (syst)

Rf 0
2/� =

Br(B0
s ! J/ f 0

2(1525))
Br(B0

s ! J/ �)
= 0.22± 0.05 (stat)± 0.04 (syst)

B0
s ! J/ f 0

2(1525)

N(J/ f 0
2(1525)) = 578± 100

N(J/ �) = 3790± 78
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Rf 0
2/� =

Br(B0
s ! J/ f 0

2(1525))
Br(B0

s ! J/ �)
= 0.22± 0.05 (stat)± 0.04 (syst)

Rf 0
2/� =

Br(B0
s ! J/ f 0

2(1525))
Br(B0

s ! J/ �)
= 0.22± 0.05 (stat)± 0.04 (syst)
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• Heavy quark effective theory (HQET) predicts 
lifetime ratios of strong decays

• NLO HQET prediction: τ(Λ0b)/τ(B0) = 0.88 ± 0.05 (*)

• CDF: τ(Λ0b)/τ(B0) = 1.020 ± 0.030 ± 0.008  (**)

• Previous DØ result:

τ(Λ0b)/τ(B0) =  

• CDF result is 2.2σ above W.A.

• This updates DØ measurement from 1.2fb-1 to 
10.4 fb-1

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

arxiv.org:1204.2340 [PRD 85 112003 (2012)]

* C.Tarantino, Nucl. Phys. B, Proc. Suppl. 156, 33 (2006)
** T. Aaltonen et al. Phys. Rev. Lett. 106, 121804 (2011)

0.811+0.096
�0.087 ± 0.034

⇤b lifetime (⇤b ! J/ ⇤0)
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• B candidate mass cut removes partially 
reconstructed background region

• Unbinned max likelihood mass and 
lifetime fit for each channel

• N(Λ0b) = 755 ± 49

• N(B0) = 5671 ± 126

⇤0
b ! J/ ⇤0

B0 ! J/ K0
s

⌧(B0
) from B0 ! J/ K0

s

⌧(⇤

0
b) from ⇤

0
b ! J/ ⇤0

• where 

J/ ! µ+µ�

⇤0 ! p⇡�

K0
s ! ⇡+⇡�

⇤b lifetime (⇤b ! J/ ⇤0)

9
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• HQET prediction τ(Λ0b)/τ(B0) = 0.88 ± 0.05

• CDF result τ(Λ0b)/τ(B0) = 1.02 ± 0.03

• World Average τ(Λ0b)/τ(B0) = 1.00 ± 0.06 (*)

• DØ result agrees with HQE, is compatible with 
W.A., but is 2.2σ from CDF

⌧(⇤0
b) = 1.303± 0.075 (stat.)± 0.035 (syst.) ps

⌧(B0) = 1.508± 0.025 (stat.)± 0.043 (syst.) ps

⌧(⇤0
b)/⌧(B0) = 0.864± 0.052 (stat.)± 0.033 (syst.)

* K. Nakamura et al. (PDG), J. Phys. G 37, 075021 (2010)

⇤b lifetime (⇤b ! J/ ⇤0)

10
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• Investigation of the observation by 
ATLAS [PRL 108 152001 (2012) , 
arXiv.org:1112.5154]

Narrow state decaying to ⌥(1S) + �

arxiv.org:1203.6034 (Submitted to PRD)
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• Investigation of the observation by 
ATLAS [PRL 108 152001 (2012) , 
arXiv.org:1112.5154]

• We reconstruct ϒ to dimuon + gamma 
to ee using 1.3 fb-1

12

Narrow state decaying to ⌥(1S) + �

� ! ee candidates

11

⌥! µµ resonances

arxiv.org:1203.6034 (Submitted to PRD)

http://arxiv.org/abs/1112.5154
http://arxiv.org/abs/1112.5154
http://arxiv.org/abs/1203.6034
http://arxiv.org/abs/1203.6034
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• Xb(1P,2P) observed consisted with W.A.

• BG modelled by event mixing

• A third state can be fitted

• This analysis can not determine if it is a new χb 
state or an exotic b state

• 65 ± 11 events in third peak

Narrow state decaying to ⌥(1S) + �

M(µµ�)�M(µµ)

M(µµ�)�M(µµ)
+ m(⌥(1S))

13
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• Further studies are being performed

• More data to be used

• Branching ratios?

• Spin structure?

• # states?

Narrow state decaying to ⌥(1S) + �

65 ± 11 events

14

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

Xb    ≈10.53 - 10.55 GeV
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Anomalous like-sign dimuon asymmetry

15

arxiv.org:1106.6308 PRD 84 052007 (2011)

B0B0 B
0

µ+

µ+ X

Ab
sl ⌘

N++
b �N��

b

N++
b + N��

b

= Cda
d
sl + Csa

s
sl aq

sl =
��q

�Mq
tan�qwhere

Y

http://www.arxiv.org/abs/1106.6308
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Anomalous like-sign dimuon asymmetry

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-

• 3.9σ deviation from SM 
expectations

• Two time-integrated flavour 
specific studies are being 
conducted to extract assl and adsl

• Independent and complimentary 
to Absl + IP studies

16
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(arXiv:1102.4274) 
A. Lenz & U. Nierste, JHEP06 072 (2007)
 

-0.04 -0.02 0 0.02 0.04

ASL(Bs)

Average -0.0095 ±0.0066

D0 DsµX(tagged)
(5 fb<1)

-0.0017 ±0.0091 +0.0014-0.0017 ±0.0091  -0.0015

D0 µµ
(9.0 fb<1)

-0.0178 ±0.0042 ±0.0085

CDF µµ
(Run I)

0.1048 ±0.2832 +0.14890.1048 ±0.2832  -0.1488

Heavy Flavour
Averaging Group

Semi-leptonic charge asymmetry as
sl

assl is the time-integrated semi-leptonic charge asymmetry

as
sl(S.M.) = (2.06± 0.57)⇥ 10�5

as
sl(DØ prev.) = [�1.7± 9.1+1.2

�2.3]⇥ 10�3
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aq
sl =

A
raw

�A
background

fB0
q (osc)

A
raw

=
N(µ+)�N(µ�)
N(µ+) + N(µ�)

• Use the lepton charge to tell between B0s and anti-B0s at decay

• Abackground is comprised of Aµ and Atrack: muon and charged track reconstruction 
efficiency asymmetries. 

• fB0s(osc), the fraction of candidates that originated from an oscillated B0s, is a 
dilution factor.

18

as
sl =

�(B0
s ! B0

s ! µ+X)� �(B0
s ! B

0
s ! µ�X)

�(B0
s ! B0

s ! µ+X) + �(B0
s ! B

0
s ! µ�X)

as
sl =

�(B0
s ! B0

s ! µ+X)� �(B0
s ! B

0
s ! µ�X)

�(B0
s ! B0

s ! µ+X) + �(B0
s ! B

0
s ! µ�X)

as
sl =

A
raw

�A
background

fB0
q (osc)

Semi-leptonic charge asymmetry as
sl



Anthony Ross - Fourth Workshop on Theory, Phenomenology and Experiments in Flavour Physics, Capri 2012

• Residual first order detector asymmetries:

• reco efficiency may be asymmetric between positive and negative tracks

• The DØ detector’s solenoidal and toroidal magnet systems regularly had their 
polarities independently reversed

• Weight each event per toroid-solenoid polarity combination - contribution from 
each combination equal

• acceptance becomes equal

w±,± =
Nmin

N±,±
• w±,± is the weight for toroid,solenoid 

polarity

• N from event counting or fitting

19

Semi-leptonic charge asymmetry as
sl



Anthony Ross - Fourth Workshop on Theory, Phenomenology and Experiments in Flavour Physics, Capri 2012

• Non-lifetime biasing cuts + LLR determinant

• Blinded sensitivity tests performed

• Sum and difference fitted simultaneously

• F(sum) = Fsig(D+s) + Fsig(D+) + Fbck

• F(diff) = ArawFsig(D+s) + AD+Fsig(D+)+AbckFbck

B0
s ! D�s µ+X

D�s ! �⇡�

�! K+K�

20

Semi-leptonic charge asymmetry as
sl

aq
sl =

A
raw

�A
background

fB0
q (osc)

A
raw

=
N(µ+)�N(µ�)
N(µ+) + N(µ�)

difference
as

sl =
A

raw

�A
background

fB0
q (osc)

sum

Preliminary
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• Abackground from muon, pion/additional track reconstruction efficiencies 

• These were extracted by data driven dedicated studies

• Amuon extracted from data using tag and probe study, J/ψ

• Convolute Amuon with muon pT

• From MC study of detector - pion track reco asymmetry found to be very small and 
positive, to effect of < 0.05%

• This is accounted as systematic uncertainty (0.05%)

• q(pi) = -q(mu), any remaining tracking asymmetry cancelled to first order

•  Background correction. Abackground = [0.11 ± 0.03(stat) ± 0.05(syst)] %.

21

Semi-leptonic charge asymmetry as
sl

as
sl =

A
raw

�A
background

fB0
q (osc)
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• Only oscillated Bs contribute to assl

• Determine fraction of muDs  events that come from 
Bs using simulated events

• Used latest oscillation frequency from LHCb and 
world averages

• (ΔMs = 17.69 ± 0.08 ps-1, ΔMd = 0.507 ± 0.004 ps-1)

• Correct for fraction of prompt Ds production

• Contamination from Bd negligible

• (Δassl = 0.005% effect if adsl ~ 1%)

• fB0s = 0.465 ± 0.017

P (B0
s ! B

0
s) =

1

2


1� cos(�Ms · t)

cosh(��s · t)

�

P (B0
d ! B

0
d) =

1

2


1� cos(�Md · t)

cosh(��d · t)

�

22

Semi-leptonic charge asymmetry as
sl

as
sl =

A
raw

�A
background

fB0
q (osc)



Anthony Ross - Fourth Workshop on Theory, Phenomenology and Experiments in Flavour Physics, Capri 2012

• Consistent with both SM prediction 
and anomalous dimuon results

• Most precise single measurement 
of assl to date

• Combination with anomalous 
dimuon asymmetry:

• assl = (-1.25 ± 0.55) %

• adsl = (-0.40 ± 0.31) %

• 3.4 standard deviation from SM

23

as
sl = [�1.08± 0.72 (stat.)± 0.16 (syst.)] %

Semi-leptonic charge asymmetry as
sl



Anthony Ross - Fourth Workshop on Theory, Phenomenology and Experiments in Flavour Physics, Capri 2012

Summary

• DØ confirms channel, measured relative Br, investigates spin state 

Narrow state decaying to ⌥(1S) + �

B0
s ! J/ f 0

2(1525)

⇤b lifetime (⇤b ! J/ ⇤0)

and there is still much more to come from DØ!

24

• Updated lifetime measurement, agrees with HQE, disagrees with CDF 

• Decay confirmed, mass consistent with LHCb results 

• Updated measurement, single most precise extraction of this value 
Time-integrated Semi-leptonic charge asymmetry as

sl
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BACKUP

25
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• CP violating phase in b → ccs

• New phenomena may alter phase

• Extract phase from time dependant 
amplitudes

26

CP � violating phase �J/ �
s

�J/ �
s = �2�SM

s

= 2arg[�VtbV
⇤
ts/VcbV

⇤
cs]

= �0.038± 0.002

• Standard model predication (M. Bona et al., JHEP 10 081 2006)  

Ai = F (t)[E+(t)± e2i�sE�(t)]ai

Ai = F (t)[±E+(t) + e�2i�sE�(t)]ai

F (t) =

e��st/2

p
⌧H + ⌧L ± cos 2�s(⌧L � ⌧H)

E± ⌘
1

2

[e(���s
4 +i �Ms

2 )t ± e�(���s
4 +i �Ms

2 )t
]
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• Using 8 fb-1 of B0s → J/ψφ, J/ψ →μ+μ- , φ →K+K-

• Boosted Decision Tree for background suppression (simple cuts method also used)

• Opposite sign flavour tagging

• Oscillation frequency ΔMs = 17.77 ± 0.12 ps-1  fixed

• 5598 ± 113 events from BDT sample, 5050 ± 105 from simple cuts
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• p-value for Standard Model (φsJ/ψφ, ΔΓs) = (-0.038,0.087ps-1) = 29.8 %

28

CP � violating phase �J/ �
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B0
s ! J/ f 0

2(1525)
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B0
s ! J/ f 0

2(1525)
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B0
s ! J/ f 0
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⇤b lifetime (⇤b ! J/ ⇤0)
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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

⇤b lifetime (⇤b ! J/ ⇤0)

unofficial

10.4 fb-1
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Semi-leptonic charge asymmetry as
sl

Cross checks
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Semi-leptonic charge asymmetry as
sl

DØ preliminary
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Semi-leptonic charge asymmetry as
sl

Simulated input from Araw = -1% 

F

sig
(D

+
) =

1p
2⇡

✓
fD1

1

�3
exp


�(x�MD)

2

2�

2
3

�
+ (1� fD1)

1

�4
exp


�(x�MD)

2

2�

2
4

�◆

F

sig
(D

+
s ) =

1p
2⇡

✓
fG1

1

�1
exp


�(x�MDs)

2

2�

2
1

�
+ (1� fG1)

1

�2
exp


�(x�MDs)

2

2�

2
2

�◆Fitting functions:


