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B+,B-­‐	
  asymmetries	
  
•  Recently	
  there	
  has	
  been	
  interest	
  in	
  forward-­‐backward	
  
asymmetry	
  in	
  )	
  produc=on	
  since	
  ini=al	
  results	
  were	
  larger	
  
than	
  SM	
  predic=on	
  

•  Forward-­‐backward	
  asymmetry	
  in	
  bb	
  has	
  same	
  sources	
  as	
  
forward-­‐backward	
  asymmetry	
  in	
  )	
  

•  Full	
  reconstruc=on	
  of	
  B±	
  has	
  advantage	
  that	
  b	
  quark	
  charge	
  
known	
  and	
  no	
  need	
  to	
  account	
  for	
  B0/B0	
  oscilla=on	
  

•  Forward-­‐backward	
  asymmetry	
  in	
  B+,B-­‐	
  sensi=ve	
  to	
  same	
  
produc=on	
  asymmetries	
  as	
  bb.	
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Forward	
  B-­‐:	
  Longitudinal	
  momentum	
  in	
  p	
  direc=on	
  
Backward	
  B-­‐:	
  Longitudinal	
  momentum	
  in	
  p	
  direc=on	
  

Forward	
  B+:	
  Longitudinal	
  momentum	
  in	
  p	
  direc=on	
  
Backward	
  B+:	
  Longitudinal	
  momentum	
  in	
  p	
  direc=on	
  

b	
  quark	
  content	
  	
  	
  	
  	
  	
  	
  p	
  
b	
  quark	
  content	
  	
  	
  	
  	
  	
  	
  p	
  

2. Forward-backward asymmetry of (Λb, Λ̄b)

• “Forward”:
Forward Λb have longitudinal momentum in the p direction,
Forward Λ̄b have longitudinal momentum in the p̄ direction,
Backward Λb have longitudinal momentum in the p̄ direction,
Backward Λ̄b have longitudinal momentum in the p direction.

• Forward-backward asymmetry:

AFB ≡ A ≡ NF−NB
NF+NB

• AFB is measured in 4 rapidity bins.
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Unbinned	
  maximum	
  likelihood	
  
fit	
  includes	
  double	
  Gaussian	
  	
  
func=on	
  for	
  signal.	
  

Backgrounds	
  are	
  described	
  
by	
  B	
  	
  	
  	
  	
  	
  	
  J/ψ π±,	
  	
  where	
  pion	
  is	
  
assigned	
  kaon	
  mass,	
  par=ally	
  
reconstructed	
  Bx	
  	
  	
  	
  	
  	
  	
  J/ψh±	
  X	
  	
  
and	
  combinatoric	
  background	
  

Forward	
  +	
  Backward	
  events	
  

<PT>	
  for	
  B±:	
  12.9	
  GeV	
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B±	
  	
  	
  	
  	
  	
  	
  	
  	
  J/ψ K±	
  with	
  J/ψ	
  	
  	
  	
  	
  	
  µ+µ- 	



Events	
  selected	
  using	
  both	
  
cuts	
  and	
  a	
  BDT	
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Results	
  are	
  presented	
  for	
  0.1	
  <	
  |n|	
  <	
  2.0	
  	
  	
  
(Events	
  near	
  η=0	
  removed	
  to	
  remove	
  any	
  poten=al	
  ambiguity	
  
	
  of	
  sign	
  of	
  η	
  due	
  to	
  resolu=on)	
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FIG. 1: (color online) Invariant mass M(J/ψK) of (forward
+ backward) events with fitted distributions. The lower pane
shows the residuals.
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FIG. 2: (color online) Invariant mass M(J/ψK) of (forward
− backward) events with fitted distributions which include
the asymmetry parameters Ai.

trigger effects. Additionally, reconstructed muon and
kaon tracks must match tracks from generated B± →
J/ψK± decays. Since matching reconstructed and gener-
ated B± mesons leaves no background events, ASM

FB (B
±)

is calculated directly according to Eq. (1).

The dominant systematic uncertainty on ASM
FB (B

±) is
due to renormalization and factorization energy scale
choices. mc@nlo defines µR and µF for renormalization
and factorization energy scales [15] as the square root of
the average of m2

T = m2+ p2T for the b and b̄ quarks [28],
with b quark mass m set to 4.75 GeV. Since Abb̄

FB is zero
at leading order, there is a large scale dependence in pre-
dictions at next-to-leading order [29]. Both scales are
varied independently from 1

2
µR,F to 2µR,F to estimate

TABLE I: Summary of uncertainties on AFB(B
±) in data.

Source Uncertainty
Statistical 0.41%
Alternative BDTs and cuts 0.17%
Fit variations 0.06%
Reconstruction asymmetries 0.05%
Fit bias 0.02%
Systematic uncertainty 0.19%
Total uncertainty 0.45%

an uncertainty due to uncalculated higher orders. Half
the largest spread of variations gives a systematic uncer-
tainty of 0.44%. The uncertainty on ASM

FB (B
±) due to b

quark fragmentation is estimated by weighting events so
the distribution of p(B±)||/p(b) matches a Bowler func-
tion [30] tuned to LEP data or SLD data, where p(B±)||
is the component of p(B±) in the b quark direction. Half
the largest spread of variations to ASM

FB (B
±) is 0.25%.

The negligible PDF uncertainty of 0.03% is calculated
by varying the twenty cteq6m1 eigenvectors by their
uncertainties and determining the standard deviation of
the variations. We find ASM

FB (B
±) = [2.31 ± 0.34 (stat) ±

0.51 (syst)]%. Combining all data and MC uncertainties
in quadrature, the mc@nlo result differs from data by
(2.55 ± 0.76)%, or 3.3 standard deviations.

Figure 3 shows measurements of AFB(B±) and
ASM

FB (B
±) versus transverse momentum and pseudora-

pidity. The fully reconstructed J/ψK± final state pro-
duces good kinematic agreement between reconstructed
and generated B± mesons, so corrections to recover the
true B± kinematics are unnecessary. The average pT of
the B± mesons is 12.9 GeV. We find that AFB(B±) is
systematically lower than ASM

FB (B
±) for all pseudorapidi-

ties, and for pT (B) = 9 – 30 GeV. Considering the MC
systematic uncertainties to be correlated (uncorrelated),
Fig. 3 (a) has χ2 = 10.3 (11.8) for three bins and Fig. 3
(b) has χ2 = 6.6 (7.0) for seven bins.

In conclusion, we have measured the forward-backward
asymmetry in the production of B± mesons with B± →
J/ψK± decays in pp̄ collisions at

√
s = 1.96 TeV. For

B± mesons with a mean pT of 12.9 GeV, the result is
AFB(B±) = [−0.24 ± 0.41 (stat) ± 0.19 (syst)]%, which
is the first measurement of this quantity. The observed
discrepancy of ≈ 3 standard deviations between our mea-
surement and the mc@nlo estimate suggests that more
rigorous determination of the standard model prediction
is needed to interpret these results.

We thank the staffs at Fermilab and collaborating in-
stitutions, and acknowledge support from the Depart-
ment of Energy and National Science Foundation (United
States of America); Alternative Energies and Atomic En-
ergy Commission and National Center for Scientific Re-
search/National Institute of Nuclear and Particle Physics
(France); Ministry of Education and Science of the Rus-

AFB(B±)	
  =	
  -­‐0.0024	
  	
  ±	
  0.0041(stat)	
  ±	
  	
  0.0019(sys)	
  

First	
  measurement	
  of	
  this	
  quan=ty	
  

We	
  observe	
  no	
  significant	
  forward-­‐backward	
  asymmetry	
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Comparison	
  of	
  AFB(B±)	
  to	
  MC@NLO	
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Some	
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  with	
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Comparison	
  to	
  new	
  calculation*	
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FIG. 2: AFB vs. |⌘(B)| (left) and pT (B) (right). In both cases, data from D0 and their

corresponding predictions [24], which were made using MC@NLO+Herwig, are shown in

black and purple respectively. The SM predictions from this work are in red.

and the D0 measurements. On the other hand, the D0 observations and their predictions

from MC@NLO+Herwig di↵er at the 3� level, with the MC prediction being larger than

what was measurement the majority of the time. Note also that the D0 baryon analysis

also finds that MC@NLO+Herwig predicts an asymmetry that is larger than what was

measured [30].

IV. DISCUSSION

In what follows a discussion is given of the estimation of the mixed EW-QCD cor-

rections, the charm-quark charge asymmetry, and the implications of this work for BSM

scenarios.

A. Estimate of Mixed EW-QCD Corrections

Inspecting Tables I and II it is seen that the O(↵) terms makes small contributions to

the bottom AFB relative to the O(↵s) and O(↵2
/↵

2
s) terms, and their associated uncer-

tainties. This smallness justifies the functional form of the approximation used in Eq. (6) a

posteriori, simply because changing the functional form won’t make much of a di↵erence in

the total prediction for the asymmetry. Case in point, consider the 95  Mbb̄/GeV < 130

bin in Table II, where there is a partial cancellation between the QED and the weak con-

13
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Forward-­‐backward	
  
asymmetry	
  of	
  (Λb,	
  Λb)	
  	
  
•  Forward	
  Λb:	
  longitudinal	
  momentum	
  in	
  p	
  direc=on	
  
•  Backward	
  Λb:	
  longitudinal	
  momentum	
  in	
  p	
  direc=on	
  

•  Forward	
  Λb:	
  longitudinal	
  momentum	
  in	
  p	
  direc=on	
  

•  Backward	
  Λb:	
  longitudinal	
  momentum	
  in	
  p	
  direc=on	
  

2. Forward-backward asymmetry of (Λb, Λ̄b)

• “Forward”:
Forward Λb have longitudinal momentum in the p direction,
Forward Λ̄b have longitudinal momentum in the p̄ direction,
Backward Λb have longitudinal momentum in the p̄ direction,
Backward Λ̄b have longitudinal momentum in the p direction.

• Forward-backward asymmetry:

AFB ≡ A ≡ NF−NB
NF+NB

• AFB is measured in 4 rapidity bins.
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  91	
  072008	
  	
  

Recently	
  “string	
  drag”	
  mechanism	
  proposed	
  by	
  
J.	
  Rosner	
  may	
  favor	
  produc=on	
  of	
  Λb	
  baryons	
  in	
  
proton	
  beam	
  direc=on	
  and	
  Λb	
  baryons	
  in	
  an=-­‐
proton	
  beam	
  direc=on	
  



Reconstructing	
  Λb	
  
•  Search	
  for	
  Λb	
  	
  	
  	
  	
  	
  J/ψ Λ,	
  J/ψ 	
  	
  	
  	
  	
  	
  	
  µ+µ-­‐,	
  Λ	
  	
  	
  	
  	
  	
  	
  pπ-­‐	
  

•  Cut	
  based	
  analysis	
  
•  Λb	
  candidates	
  fit	
  using	
  a	
  binned	
  maximum	
  likelihood	
  Gaussian	
  
signal	
  and	
  second	
  order	
  Chebyshev	
  polynomial	
  background	
  

•  Simula=on:	
  Pythia	
  with	
  CTEQ6L1	
  PDF	
  or	
  MC@NLO	
  with	
  
CTEQ6M1	
  PDF	
  with	
  Herwig	
  showering	
  and	
  hadroniza=on	
  and	
  
Evtgen	
  for	
  b	
  hadron	
  decay.	
  

•  Asymmetry	
  measured	
  in	
  4	
  rapidity	
  bins	
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Λb	
  +	
  Λb	
  	
  

0.5<	
  |y|	
  <	
  1.0	
  



Asymmetry	
  vs	
  rapidity	
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  0.02	
  (sys)	
  	
  	
  	
  

<PT>	
  of	
  Λb	
  :9.9	
  GeV	
  

Heavy	
  Quark	
  drag	
  model	
  fits	
  observa=on	
  

10	
  |y|integrated	
  from	
  0.1-­‐2.0	
  



Ratio	
  of	
  Λb/Λb	
  vs	
  	
  rapidity	
  loss	
  
y(beam)-­‐y(Λb)	
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  at	
  larger	
  
rapidity	
  values	
  than	
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AFB	
  for	
  Λ	
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Indirect	
  CP-­‐violating	
  asymmetries	
  in	
  D0	
  
K+K-	
  and	
  D0	
  	
  	
  	
  	
  	
  	
  π+π- at	
  CDF	
  

•  Decay	
  =me	
  dependent	
  asymmetries	
  in	
  CP	
  eigenstates	
  provide	
  
a	
  very	
  powerful	
  probe	
  for	
  CP	
  viola=on.	
  	
  	
  

•  Asymmetries	
  probe	
  non-­‐SM	
  contribu=ons	
  in	
  the	
  oscilla=on	
  
and	
  penguin	
  transi=on	
  amplitudes	
  since	
  non	
  SM	
  par=cles	
  can	
  
be	
  exchanged	
  causing	
  an	
  enhancement	
  rela=ve	
  to	
  the	
  SM	
  
expecta=ons.	
  

•  Previous	
  measurements	
  are	
  consistent	
  with	
  CP	
  symmetry	
  at	
  
O(10-­‐3)	
  uncertain=es.	
  	
  	
  

•  Independent	
  measurement	
  with	
  similar	
  precision	
  helps	
  
constrain	
  charm	
  sector	
  

•  D	
  	
  	
  	
  	
  h+h-­‐	
  decays	
  can	
  be	
  fully	
  reconstructed,	
  allowing	
  precise	
  
decay	
  =me	
  determina=on.	
  	
  Large	
  signal	
  yields	
  and	
  moderate	
  
backgrounds	
  allow	
  for	
  a	
  precise	
  measurement	
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Measurement	
  

14	
  

Due	
  to	
  slow	
  oscilla=on	
  rate	
  of	
  charm	
  mesons,	
  ACP	
  can	
  be	
  approximated	
  as	
  

Direct	
  CP,	
  
depends	
  on	
  
decay	
  mode	
  

Asymmetry	
  between	
  
effec=ve	
  life=mes	
  	
  τ	
  of	
  
charm	
  and	
  an=-­‐charm.	
  	
  

Primarily	
  due	
  to	
  
indirect	
  CP	
  viola=on	
  

<t>	
  mean	
  decay	
  =me	
  
τ	
  CP-­‐averaged	
  D	
  life=me	
  

Effec=ve	
  life=mes	
  
found	
  from	
  single	
  
exponen=al	
  fit	
  to	
  neutral	
  
mesons	
  decays	
  that	
  may	
  
undergo	
  oscilla=ons	
  

^	
  

ACP (t) =
dΓ(D0 → h+h− ) / dt − dΓ(D0 → h+h− ) / dt
dΓ(D0 → h+h− ) / dt + dΓ(D0 → h+h− ) / dt

ACP (t) ≈ ACP
dir (h+h− )− 〈t〉

τ
AΓ (h

+h− )

AΓ =
τ̂ (D0 → h+h− )− τ̂ (D0 → h+h− )
τ̂ (D0 → h+h− )+ τ̂ (D0 → h+h− )

D*±	
  	
  	
  	
  	
  D	
  π±
s	
  

Charge	
  of	
  pion	
  
provides	
  D0	
  vs	
  
D0	
  discrimina=on	
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Sample	
  divided	
  into	
  
30	
  bins	
  of	
  decay	
  =me	
  between	
  
0.15τ and	
  20τ	



<t>	
  determined	
  from	
  
D*±	
  	
  	
  	
  	
  	
  D(K	
  π±)π±

s	
  

Trigger	
  bias	
  assumed	
  to	
  be	
  	
  
independent	
  of	
  D0	
  flavor	
  and	
  
is	
  accounted	
  for	
  when	
  determining	
  
<t>	
  

±	
  	
  	
  	
  

Rela=ve	
  signal	
  and	
  background	
  yields	
  
in	
  signal	
  region	
  found	
  for	
  each	
  decay	
  =me	
  bin	
  

5

10

20

30

40

50

60

70

310×

+
sπ) −

K
+

K →(0
D →

+*D(a) −
sπ) −

K
+

K →(
0

D →
−*D(b) 

)-1Data (9.7 fb

Fit

 multibody→ D

Combinatorics

2.005 2.01 2.015
0

5

10

15

20

25

30

10×

+
sπ) −π

+
π →(0

D →
+*D(c) 

2.005 2.01 2.015 2.02

−
sπ) −π

+
π →(

0
D →

−*D(d) 

]2c mass [GeV/s
±πD

2
c

C
a
n
d
id

a
te

s 
p
e
r 

0
.0

9
 M

e
V

/

FIG. 1. Distributions of D⇡±
s

mass with fit results overlaid for (a) the D0 ! K+K� sample, (b) the D
0 ! K+K� sample,

(c) the D0 ! ⇡+⇡� sample, and (d) the D
0 ! ⇡+⇡� sample.

6.3 ⇥ 105 D
0 ! K+K�, 2.9 ⇥ 105 D0 ! ⇡+⇡�, and

3.0 ⇥ 105 D
0 ! ⇡+⇡� signal decays (Fig. 1). The com-

position of the ⇡+⇡� sample is dominated by the signal
of D⇤-tagged D decays and a background of real D de-
cays associated with random pions or random combina-
tions of three tracks (combinatorics). In the K+K� sam-
ple, an additional background is contributed by misre-
constructed multibody charm-meson decays, dominated
by D0 ! h�⇡+⇡0 and the D0 ! h�`+⌫

`

contributions,
where ` is a muon or an electron.

Each decay-mode sample is divided into charm and
anticharm subsamples and into 30 bins of decay time be-
tween 0.15⌧ and 20⌧ , chosen so that each contains ap-
proximately the same number of candidates. The D de-
cay time is determined as t = L

xy

m
D

/p
T

, with approxi-
mately 0.2⌧ resolution, independent of decay time. The
observed decay-time distribution is biased by the trigger.
The e↵ect of the bias is assumed to be independent of
the D-meson flavor and is accounted for when integrat-
ing Eq. (2) over each decay-time bin.

Relative proportions between signal and background

yields in the signal region are determined in each decay-
time bin, and for each flavor, through �2 fits of the D⇡±

s

mass distributions. TheD⇡±
s

mass is calculated using the
vector sum of the momenta of the three particles to deter-
mine the D⇤± momentum and the known D and charged
⇡-meson masses [6]. The signal shapes are determined
from the sample of D ! K⌥⇡± decays; the parameters
of the background shapes [5] are determined by the fit.
All mass shapes are determined independently for each
flavor and decay-time bin. The fit allows for asymme-
tries between combinatorial and misreconstructed back-
ground event yields, respectively, of the D⇤+ and D⇤�

samples. The resulting shapes and background propor-
tions are used to derive signal-only distributions of the
D-meson impact parameter in each bin and for each fla-
vor.

The impact parameter distributions of the sum of
signal and background components are formed by re-
stricting the analysis to candidates with M(D⇡±

s

) within
2.4 MeV/c2 of the known D⇤± mass [6]. From these,
we subtract the impact parameter distribution of the
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Subtract	
  impact	
  
parameter	
  	
  
distribu=on	
  of	
  
background	
  found	
  
using	
  sideband	
  data	
  

6

background, derived from the 2.015 < M(D⇡±) <
2.020 GeV/c2 region for the ⇡+⇡� sample. The ad-
ditional contamination from multibody decays in the
K+K� sample requires choosing a suitable sideband that
contains the same admixture of combinatorial and mis-
reconstructed backgrounds as that expected in the sig-
nal region. We select as background the candidates with
m

D

� 64 MeV/c2 < M(K+K�) < m
D

� 40 MeV/c2

and with M(D⇡±
s

) within 2.4 MeV/c2 of the known
D⇤± mass. Checks on data show that the final re-
sults are robust against variations of these choices. We
perform a �2 fit of the background-subtracted impact-
parameter distribution of D candidates in each subsam-
ple of decay-time and flavor, using double-Gaussian mod-
els for both the primary and secondary components.
Since we determine impact parameters using informa-
tion associated with the D decay only, the shapes of the
impact-parameter distributions of D0 and D0 mesons are
consistent. The parameters of the primary component
are fixed in all fits. They are derived from fits of candi-
dates in the first decay-time bin (t/⌧ < 1.18), where any
bias from the O(%) secondary contamination is negligi-
ble, as supported by repeating the fit using an alterna-
tive model derived from the second bin and observing no
significant di↵erence in the results. The parameters of
the secondary component are determined by the fit in-
dependently for each decay-time bin. Example impact-
parameter fits are shown in Fig. 2. All mass and impact
parameter fits show good agreement with data. Extreme
variations of model parameters yield large changes in fit
�2 but negligible changes of the results.

Final �2 fits of the asymmetries between the resulting
yields of primary charm and anticharm decays as func-
tions of decay time are used to determine the values of
A� in the two samples. The fits are shown in Fig. 3
and yield A�(K+K�) =

��0.19 ± 0.15 (stat)
�
% and

A�(⇡+⇡�) =
��0.01 ± 0.18 (stat)

�
%. The value of �2

divided by the number of degrees of freedom is 28/28 in
both fits. In both samples we observe A(0) ⇡ �2%, due
to the known detector-induced asymmetry in the soft-
pion reconstruction e�ciency [5]. The independence of
instrumental asymmetries from decay time is checked by
performing the analysis on D ! K⌥⇡± decays, where no
indirect CP violation occurs and instrumental asymme-
tries are larger due to the additional e↵ect from the di↵er-
ence in interaction probability with matter of opposite-
charge kaons; an asymmetry slope compatible with zero
is found, (�0.5± 0.3)⇥ 10�3. The width of the impact-
parameter distribution of primary D mesons increases as
a function of decay time, as predicted in simulation. This
has no significant e↵ect on A�, as verified by repeating
the measurement with a floating width that increases lin-
early with decay time.

The dominant systematic uncertainty in the mea-
surement of A�(⇡+⇡�), arises from the contribution
of ±0.028% from the choice of the impact-parameter
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FIG. 2. Distributions of D-meson impact parameter with fit
results overlaid for background-subtracted D ! ⇡+⇡� decays
restricted to (a) the decay-time bin 2.08 < t/⌧ < 2.16 and (b)
the decay-time bin 6.16 < t/⌧ < 20. Similar distributions are
observed for D ! K+K� decays.

shape (single or double Gaussian function) of the sec-
ondary component whereas for A�(K+K�) this e↵ect
contributes a smaller uncertainty of±0.013%. The choice
of the background sideband has a dominant e↵ect in
the K+K� analysis (±0.038%) and a minor impact
(±0.010%) on the ⇡+⇡� result. Other minor e↵ects are
associated with the uncertainty on the vertex-detector
length-scale (±0.001% to ±0.002%); the neglected 0.93%
contamination of misreconstructed K�⇡+ decays in the
⇡+⇡� sample (< 0.001%); the neglected bin-by-bin mi-
gration due to the decay-time resolution (< 0.001%); and
any possible fit biases (< 0.001%), probed by repeating
the analysis on the ⇡+⇡� sample with random flavor as-
signment.
In summary, we measure the di↵erence in e↵ective life-

time between anticharm and charm mesons reconstructed
in D0 ! K+K� and D0 ! ⇡+⇡� decays using the full
CDF data set. The final results,

A�(K
+K�) = (�0.19± 0.15 (stat)± 0.04 (syst))%,

A�(⇡
+⇡�) = (�0.01± 0.18 (stat)± 0.03 (syst))%,

are consistent with the hypothesis of CP symmetry.
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Consistent	
  with	
  CP	
  symmetry	
  

Combined:	
  AΓ=(-­‐1.2	
  ±	
  1.2)	
  x	
  10-­‐3	
  

Consistent	
  with	
  current	
  best	
  results	
  and	
  
has	
  compe==ve	
  precision	
  

AΓ(π+π-)=(-­‐0.1	
  ±	
  1.8(stat)	
  ±	
  	
  0.3	
  (syst))	
  x	
  10-­‐3	
  

AΓ(K+K-)=(-­‐1.9	
  ±	
  1.5(stat)	
  ±	
  	
  0.4	
  (syst))	
  x	
  10-­‐3	
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FIG. 3. E↵ective lifetime asymmetries as functions of decay
time for the (a) D ! K+K� and (b) D ! ⇡+⇡� samples.
In each bin, the position of the data point corresponds to the
average decay-time in that bin. Results of fits not allowing
for (dotted line) and allowing for (solid line) CP violation are
overlaid.

Their combination yields A� =
��0.12± 0.12)%, assum-

ing that uncertainties are uncorrelated. The results are
consistent with the current best determinations [9, 10]
and improve the global constraints on indirect CP viola-
tion in charm-meson dynamics.

We thank the Fermilab sta↵ and the technical sta↵s
of the participating institutions for their vital contribu-
tions. This work was supported by the U.S. Department
of Energy and National Science Foundation; the Italian
Istituto Nazionale di Fisica Nucleare; the Ministry of
Education, Culture, Sports, Science and Technology of
Japan; the Natural Sciences and Engineering Research
Council of Canada; the National Science Council of the
Republic of China; the Swiss National Science Founda-
tion; the A.P. Sloan Foundation; the Bundesministerium
für Bildung und Forschung, Germany; the Korean World
Class University Program, the National Research Foun-
dation of Korea; the Science and Technology Facilities
Council and the Royal Society, United Kingdom; the
Russian Foundation for Basic Research; the Ministerio de
Ciencia e Innovación, and Programa Consolider-Ingenio
2010, Spain; the Slovak R&D Agency; the Academy of
Finland; the Australian Research Council (ARC); and
the EU community Marie Curie Fellowship Contract No.
302103.

⇤ Deceased
† With visitors from aUniversity of British Columbia, Van-
couver, BC V6T 1Z1, Canada, bIstituto Nazionale di
Fisica Nucleare, Sezione di Cagliari, 09042 Monserrato
(Cagliari), Italy, cUniversity of California Irvine, Irvine,
CA 92697, USA, dInstitute of Physics, Academy of Sci-
ences of the Czech Republic, 182 21, Czech Republic,
eCERN, CH-1211 Geneva, Switzerland, fCornell Uni-
versity, Ithaca, NY 14853, USA, gUniversity of Cyprus,
Nicosia CY-1678, Cyprus, hO�ce of Science, U.S. De-
partment of Energy, Washington, DC 20585, USA,
iUniversity College Dublin, Dublin 4, Ireland, jETH,
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Switzerland, ddMassachusetts General Hospital, Boston,
MA 02114 USA, eeHarvard Medical School, Boston, MA
02114 USA, ffHampton University, Hampton, VA 23668,
USA, ggLos Alamos National Laboratory, Los Alamos,
NM 87544, USA, hhUniversità degli Studi di Napoli Fed-
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125±): 14338+KsN(J/
): 548+/sN(J/

2 0.0001 GeV/c±m: 5.279 
2 0.2 MeV/c±: 14.4 m

Form	
  J/ψ	
  +	
  track	
  invariant	
  mass	
  	
  

Track==	
  muon	
  for	
  Bc+	
  reconstruc=on	
  	
  	
  	
  	
  	
  	
  	
   Track==Kaon	
  for	
  B
+	
  reconstruc=on	
  

Track==π+,K+	
  or	
  p	
  for	
  mis	
  ID	
  muon	
  background	
  

1370	
  candidates	
  
in	
  signal	
  region	
   J/ψ	
  π+	
  fixed	
  

to	
  3.83%	
  of	
  
J/ψ	
  K+	
  

σ (Bc
+ )*BR(Bc

+ → J /ψµ+ν )
σ (B+ )*BR(B+ → J /ψK + )

Public	
  note	
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σ (Bc
+ )*BR(Bc

+ → J /ψµ+ν )
σ (B+ )*BR(B+ → J /ψK + )

=
N

Bc
+

N
B+
×εrel

εrel=4.093	
  ±	
  0.038(stat)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (sys)	
  
+0.401	
  
-­‐0.359	
  

systema=cs	
  

σ (Bc
+ )*BR(Bc

+ → J /ψµ+ν )
σ (B+ )*BR(B+ → J /ψK + )

=	
  0.211	
  	
  ±	
  	
  0.012(stat)	
  	
  	
  	
  	
  	
  	
  	
  	
  (sys)	
  +0.021	
  
-­‐0.020	
  

CDF	
  Preliminary	
  



Conclusions	
  
•  D0	
  observes	
  no	
  significant	
  forward-­‐backward	
  asymmetry	
  for	
  B±.	
  	
  	
  
Some	
  tension	
  with	
  MC@NLO	
  

•  D0	
  has	
  measured	
  the	
  Λb/Λb	
  	
  produc=on	
  ra=o	
  and	
  finds	
  it	
  is	
  
consistent	
  with	
  a	
  universal	
  func=on	
  of	
  rapidity	
  loss	
  

•  Indirect	
  CP-­‐viola=ng	
  asymmetries	
  in	
  D0	
  	
  	
  	
  	
  K+K-	
  and	
  D0	
  	
  	
  	
  	
  	
  	
  π+π-	
  	
  
at	
  CDF	
  found	
  to	
  be	
  consistent	
  with	
  CP	
  symmetry	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
AΓ=(-­‐1.2	
  ±	
  1.2)	
  x	
  10-­‐3	
  

•  CDF	
  measures	
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σ (Bc
+ )*BR(Bc

+ → J /ψµ+ν )
σ (B+ )*BR(B+ → J /ψK + )

=	
  0.211	
  	
  ±	
  	
  0.012(stat)	
  	
  	
  	
  	
  	
  	
  	
  	
  (sys)	
  +0.021	
  
-­‐0.020	
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B±	
  reconstruction	
  
•  B±	
  	
  	
  	
  	
  	
  	
  	
  	
  J/ψ K±	
  with	
  J/ψ	
  	
  	
  	
  	
  	
  µ+µ- 	



•  Candidate	
  events	
  first	
  found	
  with	
  cut	
  based	
  analysis	
  based	
  on	
  
track	
  PT,	
  transverse	
  decay	
  length,	
  M(µ+µ-),	
  quality	
  of	
  three	
  
track	
  vertex	
  and	
  poin=ng	
  angle1.	
  

•  Background	
  rejec=on	
  is	
  improved	
  with	
  a	
  BDT	
  which	
  includes	
  
kinema=c	
  variables	
  such	
  as,	
  par=cle	
  momenta,	
  distances	
  from	
  
pp	
  vertex,	
  decay	
  lengths,	
  poin=ng	
  angles,	
  isola=on	
  of	
  muons	
  
and	
  B±,	
  	
  and	
  azimuthal	
  angle	
  separa=on	
  for	
  various	
  par=cle	
  
pairs	
  

•  Simula=on:	
  MC@NLO	
  with	
  CTEQ6M1	
  PDF	
  and	
  Herwig	
  for	
  
parton	
  showering	
  and	
  hadroniza=on	
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1	
  the	
  angle	
  between	
  a	
  par=cle’s	
  momentum	
  vector	
  and	
  the	
  vertex	
  from	
  the	
  
ppbar	
  vertex	
  to	
  the	
  par=cle’s	
  decay	
  vertex,	
  with	
  vectors	
  defined	
  in	
  the	
  x-­‐y	
  plane	
  



Asymmetry	
  
•  Hadroproduc=on	
  of	
  par=cles	
  containing	
  heavy	
  quark	
  Q	
  
proceeds	
  through	
  qq	
  annihila=ons	
  or	
  g-­‐g	
  fusion	
  followed	
  by	
  
hadroniza=on	
  to	
  the	
  heavy	
  quarks	
  

•  At	
  NLO,	
  QCD	
  effects	
  can	
  introduce	
  a	
  small	
  asymmetry	
  (~1%)	
  in	
  
Q	
  and	
  Q	
  	
  momenta	
  

•  Hadroniza=on	
  may	
  also	
  change	
  direc=on	
  of	
  par=cle	
  containing	
  
Q	
  so	
  can	
  generate	
  significant	
  asymmetry	
  

•  Few	
  studies	
  of	
  asymmetries	
  of	
  bo)om	
  baryons	
  

•  Recently	
  “string	
  drag”	
  mechanism	
  proposed	
  by	
  J.	
  Rosner	
  may	
  
favor	
  produc=on	
  of	
  Λb	
  baryons	
  in	
  proton	
  beam	
  direc=on	
  and	
  
Λb	
  baryons	
  in	
  an=-­‐proton	
  beam	
  direc=on	
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Signal	
  region	
  



Backgrounds	
  for	
  Bc+	
  
•  Mis	
  ID	
  J/ψ	


•  Determined	
  from	
  J/ψ	
  sidebands	
  

•  Mis	
  ID	
  third	
  muon	
  
•  Calculate	
  probability	
  that	
  a	
  muon	
  is	
  mis	
  –ID	
  based	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
on	
  probability	
  for π,	
  K	
  or	
  p	
  to	
  fake	
  a	
  muon	
  

•  bb	
  background	
  
•  J/ψ	
  from	
  one	
  b	
  hadron	
  and	
  a	
  third	
  muon	
  from	
  	
  
	
  	
  	
  	
  other	
  b	
  hadron	
  

•  Other	
  decay	
  modes	
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