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b	
  baryons	
  at	
  hadron	
  colliders	
  	
  
•  Unique	
  to	
  hadron	
  colliders	
  (not	
  produced	
  in	
  B	
  factories)	
  
•  Produced	
  copiously	
  at	
  the	
  Tevatron	
  	
  
•  At	
  start	
  of	
  Run2	
  (2002):	
  only	
  Λb	
  was	
  established	
  	
  (~20	
  events)	
  

Λb(bud)	
  

Σb
0(bud)	
  

Σb
+(buu)	
  

Σb
-­‐(bdd)	
  

Ξb
0(bus)	
  

Ξb
-­‐(bds)	
  

Ωb
-­‐(bss)	
  

J=1/2,	
  1	
  b	
  

ground	
  states	
  

Not	
  yet	
  observed	
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UA1	
  1991	
  

•  Since	
  2007:	
  5	
  new	
  ground	
  state	
  b	
  baryons	
  observed	
  by	
  CDF/DØ	
  
•  Interes(ng	
  mass	
  &	
  life(me	
  predic(ons,	
  using	
  different	
  models	
  
•  However,	
  very	
  challenging	
  analysis	
  required	
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CDF	
  2007	
  

Ξ-­‐
b→J/ψ+Ξ-­‐	
  DØ	
  2007	
  

Ω-­‐
b→J/ψ+Ω-­‐	
  CDF	
  2009	
  

Ξ-­‐
b	
  

CDF,	
  4.2	
  )-­‐1	
  

New	
  Ground	
  States,	
  J	
  =1/2	
  1b	
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In	
  the	
  simple	
  quark	
  spectator	
  model,	
  the	
  b	
  quark	
  decays	
  independently	
  of	
  the	
  other	
  quarks	
  
	
  
à	
  The	
  life(mes	
  of	
  all	
  b	
  hadrons	
  are	
  expected	
  to	
  be	
  equal	
  	
  	
  

b	
  hadron	
  life(mes	
  

Simplicity	
  of	
  the	
  weak	
  interac(ons	
  overshadowed	
  by	
  the	
  complexity	
  of	
  strong	
  interac(ons!	
  
	
  
à	
  Measurements	
  of	
  b	
  hadron	
  life(mes	
  provide	
  window	
  into	
  the	
  importance	
  of	
  non-­‐spectator	
  
contribu(ons	
  to	
  b	
  hadron	
  decays	
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Experimental	
  Status	
  

μm	
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THEORETICAL STATUS

• Precise predictions of b-hadron lifetimes are difficult to 
calculate. Ratios are predicted with fairly high accuracy by heavy 
quark effective theory (HQET). Up to               ,O(1/m4

b)

⌧⇤b
⌧Bd

���
NLO

= 0.88± 0.05

   while the W.A. is                                   

(CDF = 1.020 ± 0.030 ± 0.008  and  DØ =  0.811+ 0.096 - 0.087 ± 0.034).

⌧⇤b/⌧Bd = 1.00± 0.06

6

⇒ cτ(Λb) ≈ 378 - 423 μm

CDF measurement in the J/ψ Λ final state contradicts 
the expected hierarchy τ(Λb) < τ(B0)

Friday, March 23, 12

Theore(cal	
  Status	
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b	
  baryon	
  search:	
  data	
  reprocessing	
  –	
  extended	
  tracking	
  	
  

π 

π 

p 

µ µ When tracks are reconstructed, 
a maximum impact parameter 
is required to increase the  
reconstruction speed and lower 
the rate of fake tracks.  

But for particles like the Λb , 
Ξb

- or Ωb this requirement 
could result in missing the π 
and proton tracks from the Λ 
decay  

Λ

Ξ 



Increase	
  of	
  reconstruc(on	
  efficiency	
  
−+→ ππ0

S
K −→Λ πp −− Λ→Ξ π

Opening up the IP cut: (Before)  ( After ) 
GeV	
   GeV	
   GeV	
  

D0 D0 D0 
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1.3	
  m-­‐1	
  1.3	
  m-­‐1	
   1.3	
  m-­‐1	
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RECONSTRUCTION
• Extended AATrack reconstruction.

• Increases the acceptance of long-lived particles 
(Λ and KS).

• Search for 2 muons forming a good vertex (J/ψ).

• Search for 2 tracks with significant IP forming a 
good vertex (Λ and KS candidates) . 

• p(Λ) points back within 1º back to the J/ψ vtx. 

• Fit to a common vertex for the Λ (KS) and two 
muons tracks, constrained to the J/ψ mass.

• The trajectories of the decay products are 
readjusted.

• The primary vertex (PV) is recalculated to 
exclude muon tracks.
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Reconstruc(on	
  of	
  Λb	
  &	
  B0	
  decays	
  	
  	
  
Analysis	
  strategy:	
  
Ø  Exploit	
  the	
  very	
  similar	
  event	
  topologies	
  of	
  these	
  decays	
  
Ø  U(lize	
  the	
  very	
  precisely	
  known	
  W.A.	
  B0	
  life(me	
  

§  to	
  cross-­‐check	
  the	
  event	
  selec(on	
  and	
  analysis	
  	
  
method	
  used	
  for	
  the	
  Λb	
  life(me	
  measurement	
  
	
  

Event	
  selec;on:	
  
q  2	
  oppositely	
  charged	
  muons	
  forming	
  a	
  good	
  vertex	
  (J/ψ)	
  
q  2	
  tracks	
  with	
  significant	
  IP	
  forming	
  a	
  good	
  vertex	
  (Λ,	
  K0S)	
  

§  P(Λ)	
  points	
  back	
  with	
  10	
  to	
  the	
  J/ψ	
  vertex	
  (suppress	
  
background	
  from	
  heavier	
  b	
  baryons	
  to	
  Λb)	
  

q  Fit	
  to	
  a	
  common	
  vertex	
  for	
  the	
  Λ	
  (K0S)	
  and	
  2	
  muon	
  tracks,	
  
constrained	
  to	
  the	
  mass	
  of	
  the	
  J/ψ	
  

§  The	
  trajectories	
  of	
  the	
  decay	
  products	
  are	
  readjusted	
  
q  The	
  primary	
  vertex	
  is	
  recalculated	
  to	
  exclude	
  muon	
  tracks	
  
q  Several	
  op(miza(on	
  cuts	
  to	
  maximize	
  S	
  /	
  √(	
  S	
  +	
  B	
  )	
  

§  Λ	
  decay	
  length	
  >	
  0.3	
  cm,	
  significance	
  >	
  3.5	
  
§  PT	
  (J/ψ)	
  >	
  4.5	
  GeV,	
  etc	
  
§  Λb	
  isola(on	
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Λb	
  signal	
  &	
  B0	
  reference	
  samples	
  	
  

Λb	
  à	
  J/ψ	
  Λ	
   B0	
  à	
  J/ψ	
  K0S	
  

755	
  ±	
  49	
  (Λb)	
   5671	
  ±	
  126	
  (B0)	
  

…	
  awer	
  removal	
  of	
  par(ally	
  reconstructed	
  b	
  hadrons	
  

Main	
  backgrounds:	
  COMBINATORIAL	
  and	
  PARTIALLY	
  RECONSTRUCTED	
  b	
  HADRON	
  DECAYS	
  

PROMPT:	
  J/ψ	
  from	
  PV	
  (~70%	
  of	
  total	
  background)	
  
NON-­‐PROMPT:	
  J/ψ	
  from	
  b	
  hadron	
  decays	
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cτ(Λb)	
  =	
  390.7	
  ±	
  22.4	
  μm	
   cτ(B0)	
  =	
  452.2	
  ±	
  7.6	
  μm	
  

LIFETIME MEASUREMENT 
STRATEGY

• The Λb lifetime is extracted from a simultaneous unbinned maximum 
likelihood fit to M, λ and σ (PDL uncertainty) distributions:

• We defined proper decay length (PDL) as:

� =
(~xB � ~xPV ) · ~pT
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FIG. 1: Invariant mass distributions for (a) Λb → J/ψΛ and (b) Bd → J/ψKS candidates, with fit results superimposed.
Events in mass regions contaminated with partially reconstructed b hadrons (indicated by diagonal lines) are excluded from
the maximum likelihood function used to determine the Λb and Bd lifetimes.

rection. Due to the fact that signal and partially re-1

constructed b hadron decays have similar λ distributions2

that are particularly hard to disentangle in the lifetime3

fit, we remove partially reconstructed b hadrons by re-4

jecting events with Λb (Bd) invariant mass below 5.205

(5.42) GeV/c2 from the Λb (Bd) sample, as shown in6

Fig. 1. This figure shows the Λb (Bd) invariant mass7

distribution with results of an unbinned maximum likeli-8

hood fit superimposed, excluding events in zones contam-9

inated with partially reconstructed b hadrons. The signal10

peak is modeled by a Gaussian function. The combinato-11

rial background is parametrized by an exponentially de-12

caying function, while partially reconstructed b hadrons13

are derived from MC. It is clear from Fig. 1 that par-14

tially reconstructed b hadrons contribute minimally to15

the signal mass region, primarily due to detector resolu-16

tion effects.17

In order to extract the lifetimes, we perform separate18

unbinned maximum likelihood fits for Λb and Bd candi-19

dates. The likelihood function (L) depends on the prob-20

abilities to measure the mass (mj), proper decay length21

(λj), and proper decay length uncertainty (σλ
j ) observed22

for each event j in the sample:23

L =
∏

j

[

fsFs(mj ,λj ,σ
λ
j ) + (1−fs)Fb(mj ,λj ,σ

λ
j )
]

, (1)24

where fs is the fraction of signal events, and Fs (Fb)25

is the product of the probability distribution functions26

that model each of the three observables being consid-27

ered for signal (background) events. The background28

is further divided into prompt and non-prompt compo-29

nents. For the signal, the mass distribution is modeled by30

a Gaussian function; the λ distribution is parametrized31

by an exponential decay, e−λj/cτ/cτ , convoluted with a32

Gaussian function R = e−λ2

j/2(sσ
λ
j )2/

√
2πsσλ

j that mod-33

els the detector resolution; the σλ distribution is obtained34

from MC simulation and parametrized by a superposi-35

tion of Gaussian functions. Here τ is the lifetime of the b36

hadron, and the event-by-event uncertainty σλ
j is scaled37

by a global factor s to take into account a possible under-38

estimation of the uncertainty. For the background, the39

mass distribution of the prompt (non-prompt) compo-40

nent is modeled by a constant (exponential) function as41

observed in data when a requirement on λ > 100 µm42

is imposed; the prompt component of the λ distribu-43

tion is parametrized by the resolution function, and the44

non-prompt component by the superposition of two ex-45

ponential decays for λ < 0 and two exponential decays46

for λ > 0, as observed from events in the high-mass47

sideband with respect to the b hadron peak (over 5.8048

and 5.45 GeV/c2 for Λb and Bd, respectively). Finally,49

the background σλ distribution is modeled by two expo-50

nential functions convoluted with a Gaussian function as51

determined empirically from the high-mass sideband re-52

gion. In total, there are 19 parameters in each likelihood53

fit: lifetime, mean and width of the signal mass, signal54

fraction, prompt background fraction, one non-prompt55

background mass parameter, 7 non-prompt background56

λ parameters, 5 background σλ parameters, and one res-57

olution scale factor.58

The maximum likelihood fits to the data yield59

cτ(Λb) = 390.7 +22.9
−22.1 µm and cτ(Bd) = 452.2 +7.7

−7.5 µm.60

The numbers of signal events, derived from fs, are61

755± 49 (Λb) and 5671 ± 126 (Bd). Figure 2 shows the62

results of the likelihood projected onto the λ axis for the63

Λb and the Bd candidates.64

We investigate possible sources of systematic uncer-65

tainties on the measured lifetimes related to the models66

used to describe the mass, λ, and σλ distributions. For67

the mass we consider a double Gaussian to model the68

11

There are 19 parameters in this fit.
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Events in mass regions contaminated with partially reconstructed b hadrons (indicated by diagonal lines) are excluded from
the maximum likelihood function used to determine the Λb and Bd lifetimes.

rection. Due to the fact that signal and partially re-1

constructed b hadron decays have similar λ distributions2

that are particularly hard to disentangle in the lifetime3

fit, we remove partially reconstructed b hadrons by re-4

jecting events with Λb (Bd) invariant mass below 5.205

(5.42) GeV/c2 from the Λb (Bd) sample, as shown in6

Fig. 1. This figure shows the Λb (Bd) invariant mass7

distribution with results of an unbinned maximum likeli-8

hood fit superimposed, excluding events in zones contam-9

inated with partially reconstructed b hadrons. The signal10

peak is modeled by a Gaussian function. The combinato-11

rial background is parametrized by an exponentially de-12

caying function, while partially reconstructed b hadrons13

are derived from MC. It is clear from Fig. 1 that par-14

tially reconstructed b hadrons contribute minimally to15

the signal mass region, primarily due to detector resolu-16

tion effects.17

In order to extract the lifetimes, we perform separate18

unbinned maximum likelihood fits for Λb and Bd candi-19

dates. The likelihood function (L) depends on the prob-20

abilities to measure the mass (mj), proper decay length21

(λj), and proper decay length uncertainty (σλ
j ) observed22

for each event j in the sample:23

L =
∏

j

[

fsFs(mj ,λj ,σ
λ
j ) + (1−fs)Fb(mj ,λj ,σ

λ
j )
]

, (1)24

where fs is the fraction of signal events, and Fs (Fb)25

is the product of the probability distribution functions26

that model each of the three observables being consid-27

ered for signal (background) events. The background28

is further divided into prompt and non-prompt compo-29

nents. For the signal, the mass distribution is modeled by30

a Gaussian function; the λ distribution is parametrized31

by an exponential decay, e−λj/cτ/cτ , convoluted with a32

Gaussian function R = e−λ2

j/2(sσ
λ
j )2/

√
2πsσλ

j that mod-33

els the detector resolution; the σλ distribution is obtained34

from MC simulation and parametrized by a superposi-35

tion of Gaussian functions. Here τ is the lifetime of the b36

hadron, and the event-by-event uncertainty σλ
j is scaled37

by a global factor s to take into account a possible under-38

estimation of the uncertainty. For the background, the39

mass distribution of the prompt (non-prompt) compo-40

nent is modeled by a constant (exponential) function as41

observed in data when a requirement on λ > 100 µm42

is imposed; the prompt component of the λ distribu-43

tion is parametrized by the resolution function, and the44

non-prompt component by the superposition of two ex-45

ponential decays for λ < 0 and two exponential decays46

for λ > 0, as observed from events in the high-mass47

sideband with respect to the b hadron peak (over 5.8048

and 5.45 GeV/c2 for Λb and Bd, respectively). Finally,49

the background σλ distribution is modeled by two expo-50

nential functions convoluted with a Gaussian function as51

determined empirically from the high-mass sideband re-52

gion. In total, there are 19 parameters in each likelihood53

fit: lifetime, mean and width of the signal mass, signal54

fraction, prompt background fraction, one non-prompt55

background mass parameter, 7 non-prompt background56

λ parameters, 5 background σλ parameters, and one res-57

olution scale factor.58

The maximum likelihood fits to the data yield59

cτ(Λb) = 390.7 +22.9
−22.1 µm and cτ(Bd) = 452.2 +7.7

−7.5 µm.60

The numbers of signal events, derived from fs, are61

755± 49 (Λb) and 5671 ± 126 (Bd). Figure 2 shows the62

results of the likelihood projected onto the λ axis for the63

Λb and the Bd candidates.64

We investigate possible sources of systematic uncer-65

tainties on the measured lifetimes related to the models66

used to describe the mass, λ, and σλ distributions. For67

the mass we consider a double Gaussian to model the68

11

There are 19 parameters in this fit.
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SYSTEMATIC UNCERTAINTIES
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FIG. 2: Proper decay length distributions for (a) Λb → J/ψΛ and (b) Bd → J/ψKS candidates, with fit results superimposed.

signal peak instead of the nominal single Gaussian, an1

exponential function for the prompt background in place2

of a constant function, and a second order polynomial3

for the non-prompt background. The alternative mass4

models are combined in a single maximum likelihood fit5

to take into account correlations between the effects of6

the different models, and the difference with the result of7

the nominal fit is quoted as the systematic uncertainty8

due to mass parametrization. For λ we study the fol-9

lowing variations: the introduction of a second Gaussian10

function along with a second scale factor to model the11

resolution, the exponential functions in the non-prompt12

background replaced by exponentials convoluted with the13

resolution function, one non-prompt negative exponen-14

tial instead of two, and one long positive exponential15

together with a double-Gaussian resolution as a substi-16

tute for two non-prompt exponentials and one Gaussian17

resolution. All λ model changes are combined in a fit,18

and the difference between the results of this fit and the19

nominal fit is quoted as the systematic uncertainty due20

to λ parametrization. For σλ we use two different ap-21

proaches: we use the distribution extracted from data by22

background subtraction, parameterized similarly to the23

nominal background σλ model, instead of the MC model,24

and we use σλ distributions from MC samples generated25

with different Λb (Bd) lifetimes. The largest variation in26

the lifetime (with respect to the nominal measurement)27

between these two alternative approaches is quoted as28

the systematic uncertainty due to σλ parametrization.29

Residual effects due to contamination from partially re-30

constructed b hadrons in the samples are investigated by31

changing the lower limit of the Λb and Bd invariant mass32

distributions: the limit is moved to the right (left) ≈ σ/233

(σ), where σ ≈ 40 MeV/c2 is the mass resolution of the34

reconstructed signal, to diminish (enhance) this contam-35

ination. The largest variation in the lifetime is quoted as36

the systematic uncertainty due to possible contamination37

TABLE I: Summary of systematic uncertainties in the mea-
surement of the Λb and Bd lifetimes and their ratio. Individ-
ual uncertainties are combined in quadrature to obtain the
total uncertainties.

Source Λb (µm) Bd (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
Bs → J/ψKS – 0.4 0.001
Alignment 5.4 5.4 0.002
Total 10.4 12.9 0.033

from partially reconstructed b hadrons. Contamination38

from the fully reconstructed decay Bs → J/ψKS is dis-39

regarded in the nominal lifetime fit since it is assumed to40

be very small. To test this assumption, the Bs → J/ψKS41

contribution is included in the non-prompt component.42

The lifetime shift is found to be negligible, as expected.43

The systematic uncertainty due to the alignment of the44

SMT detector was estimated in a previous study [6] by45

reconstructing the Bd sample with the positions of the46

SMT sensors shifted outwards radially by the alignment47

uncertainty and then fitting for the lifetime. The system-48

atic uncertainties are summarized in Table I.49

We perform several cross-checks of the lifetime mea-50

surements. We extract the signal yield in bins of λ by51

fitting the mass distribution in each of these regions.52

From these measurements, lifetimes are obtained by the53

χ2 minimization of the signal yield expected in each λ54

bin according to the first term in Eq. 1. While this55

method is statistically inferior with respect to the maxi-56

mum likelihood fit, it is also less dependent on the mod-57

eling of the different background components. Results58

of this study are cτΛb
= 391.4 ± 35.8 (stat.) µm and59

cτBd
= 458.3 ± 8.9 (stat.) µm. The sample is also split60

Mass model

•Double-Gaussian for signal.
•Exponential decay for non-
prompt component.
•Second order polynomial for 
non-prompt component.

λ model
•Double-Gaussian for resolution 
function.
•Non-prompt exponentials 
convoluted with the resolution.
•Only one negative exponential.
•Only one positive exponential.

σ model
•Extracted from data by 
bkg. subtraction.
•Used σ distributions 
from MC generated 
with different input 
lifetimes.

Changed
b-hadron mass 

threshold1% of B0

Friday, March 23, 12

Systema(c	
  Uncertain(es	
  



07/07/2012	
   Λ_b	
  life(me	
  at	
  D0/Tevatron	
  -­‐	
  Peter	
  Ratoff	
   15	
  

u Using	
  full	
  DØ	
  Run2	
  dataset	
  (10.4	
  m-­‐1),	
  
measured	
  the	
  Λb	
  life(me	
  in	
  the	
  exclusive	
  
decay	
  mode	
  J/ψ	
  Λ	
  
	
  
τ(Λb)	
  =	
  1.303	
  ±	
  0.075	
  (stat)	
  ±	
  0.035	
  (sys)	
  ps	
  

Consistent	
  with	
  previous	
  DØ	
  measurements	
  
and	
  the	
  PDG	
  World	
  Average	
  (2011)	
  
1.425	
  ±	
  0.032	
  ps	
  	
  
	
  
u Method	
  was	
  thoroughly	
  tested	
  in	
  
B0	
  à	
  J/ψ	
  K0S	
  decays	
  	
  

τ(B0)	
  =	
  1.508	
  ±	
  0.025	
  (stat)	
  ±	
  0.043	
  (sys)	
  ps	
  

in	
  very	
  good	
  agreement	
  with	
  the	
  WA	
  value	
  
1.519	
  ±	
  0.007	
  ps	
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  ra(o	
  

•These measurements can be used to calculate the ratio of 
lifetimes (with many syst. uncertainties reduced),

•Theoretical predictions are in excellent agreement with our 
measurement

and it is consistent with the  W. A.,

but differ with the most rect CDF measurement at the 2.2σ 
level.

SUMMARY (2)
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VII. RESULTS AND CONCLUSIONS

Using the full D0 dataset we have measured the Λb lifetime in the J/ψΛ exclusive decay channel. We found:

cτΛb
= 390.7 +22.9

−22.1(stat)± 6.9(syst) µm (22)

τΛb
= 1.303 +0.076

−0.074(stat)± 0.023(syst) ps (23)

consistent with previous D0 measurements of the Λb lifetime and the world average, cτΛb
= 427.2± 9.6.

The method used in this study was thoroughly tested in the Bd → J/ψKS decay channel. We measured

cτBd
= 452.2 +7.7

−7.5(stat)± 6.5(syst) µm, (24)

that is well consistent with the world average cτBd
= 455.4± 2.1µm.

With respect to the previous D0 measurement, we have reduce the statistical error ∼ 1/2 for Λb and ∼ 1/3 for Bd.
The difference, on how these two statistical uncertainties scaled, can be attributed to:

• The cross-feed contamination between the Bd and the Λb samples have been removed in this analysis to avoid
biasing the lifetime. As mentioned earlier, 25% of Λb signal candidates were lost in the process, while only 5.5%
signal candidates were removed from the Bd sample. The effect of this contamination resulted in the largest
systematic uncertainty in the previous D0 Λb lifetime measurement.

• The yield of long lived particles (in particular Λ’s) have been highly affected in RunIIB due to, among other
reasons, the degradation of the CFT and the very high instantaneous luminosities. This tendency has been
observed in MC as well as in data.

The systematic uncertainty was reduced by a factor of ∼ 2 in both decay channels too. Partially reconstructed B
decays and cross-feed contamination were removed from the data samples, leading to a more stable result under
different fit models.
These measurement can be combined to determine the ratio of lifetimes,

τΛb

τBd

= 0.864 +0.053
−0.051(stat)± 0.013(syst) (25)

that is consistent with theoretical predictions,
τΛb

τBd

∣

∣

∣

NLO
= 0.88±0.05 [17]. The uncertainty of the lifetime ratio is still

dominated by the Λb lifetime statistical uncertainty. Adding the Λb lifetime uncertainties in quadrature and using
the world average Bd lifetime (measured with high precision by the B factories), we obtain

τΛb

τBd

= 0.858 +0.053
−0.051. (26)

These results can also be compared with the best measurement by a single experiment [2] (CDF in 2011),
τΛb

τBd

=

1.020± 0.030± 0.008 = 1.020± 0.03117, and the world average

17 As mentioned earlier, CDF Λb lifetime measurement is far away from the world average. Their lifetime ratio is large, still consistent,
with respect to the current theoretical predictions.
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= 452.2 +7.7

−7.5(stat)± 6.5(syst) µm, (24)

that is well consistent with the world average cτBd
= 455.4± 2.1µm.

With respect to the previous D0 measurement, we have reduce the statistical error ∼ 1/2 for Λb and ∼ 1/3 for Bd.
The difference, on how these two statistical uncertainties scaled, can be attributed to:

• The cross-feed contamination between the Bd and the Λb samples have been removed in this analysis to avoid
biasing the lifetime. As mentioned earlier, 25% of Λb signal candidates were lost in the process, while only 5.5%
signal candidates were removed from the Bd sample. The effect of this contamination resulted in the largest
systematic uncertainty in the previous D0 Λb lifetime measurement.

• The yield of long lived particles (in particular Λ’s) have been highly affected in RunIIB due to, among other
reasons, the degradation of the CFT and the very high instantaneous luminosities. This tendency has been
observed in MC as well as in data.

The systematic uncertainty was reduced by a factor of ∼ 2 in both decay channels too. Partially reconstructed B
decays and cross-feed contamination were removed from the data samples, leading to a more stable result under
different fit models.
These measurement can be combined to determine the ratio of lifetimes,

τΛb

τBd

= 0.864 +0.053
−0.051(stat)± 0.013(syst) (25)

that is consistent with theoretical predictions,
τΛb

τBd

∣

∣

∣

NLO
= 0.88±0.05 [17]. The uncertainty of the lifetime ratio is still

dominated by the Λb lifetime statistical uncertainty. Adding the Λb lifetime uncertainties in quadrature and using
the world average Bd lifetime (measured with high precision by the B factories), we obtain

τΛb

τBd

= 0.858 +0.053
−0.051. (26)

These results can also be compared with the best measurement by a single experiment [2] (CDF in 2011),
τΛb

τBd

=

1.020± 0.030± 0.008 = 1.020± 0.031, and the world average
τΛb

τBd

= 1.00± 0.06.17

17 As mentioned earlier, CDF Λb lifetime measurement is far away from the world average. Their lifetime ratio is large, still consistent,
with respect to the current theoretical predictions.

(W.A.)

7

into different data taking periods, η regions, and numbers1

of hits in the SMT detector. All results obtained with2

these variations are consistent with our measurement. In3

order to check that the optimization procedure does not4

give a potential bias to the selection, we verify that our5

results remain stable when all requirements in variables6

used in the optimization process are removed one at a7

time, and when looser and tighter cuts are applied to8

kinematic variables. Our results also remain stable after9

removing the high-end tail of the σλ distribution (mainly10

populated by background events above 100 µm). We also11

cross check the fitting procedure and selection criteria by12

measuring the Λb and Bd lifetimes in MC events. The13

lifetimes obtained are consistent with the input values.14

In summary, using the full data sample collected by15

the D0 Collaboration, we measure the lifetime of the16

Λb baryon in the J/ψΛ final state to be17

τ(Λb) = 1.303 +0.076
−0.074 (stat.)± 0.035 (syst.) ps, (2)18

consistent with the world-average, 1.425 ± 0.032 ps [4].19

The method to measure the Λb lifetime is thoroughly20

tested using Bd → J/ψKS decays, for which we obtain21

τ(Bd) = 1.508 +0.026
−0.025 (stat.)± 0.043 (syst.) ps, (3)22

in good agreement with the world average, 1.519 ±23

0.007 ps [4].24

Using these measurements we calculate the ratio of life-25

times,26

τ(Λb)

τ(Bd)
= 0.864 +0.053

−0.051 (stat.)± 0.033 (syst.), (4)27

where the systematic uncertainty is determined by calcu-28

lating the difference between the lifetime ratio for each29

systematic source and the ratio of the nominal measure-30

ments. These uncertainties are combined in quadrature31

as shown in Table I. This result is in good agreement with32

the HQET prediction of 0.88 ± 0.05 [5] and compatible33

with the current world-average, 1.00 ± 0.06 [4], but dis-34

agree with the most recent CDF Collaboration measure-35

ment [3] at the 2.2σ level. Our measurements supersede36

the previous D0 results of τ(Λb) and τ(Λb)/τ(Bd) [6].37
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Ra1o*of*Λb*and*Bd*life1me*

•  Theore1cal*predic1ons*at*NLO:*0.86*±*0.5*ps*and*0.88*±*0.5*ps*
•  ATLAS*measurement:*R*=*τ(Λb)/τ(BdPDG)*=*0.960*±*0.025*±*0.016*ps*
•  Consistent*with*PDG,*compa1ble*with*the*latest*CDF*and*DØ*

measurements*and*theore1cal*predic1ons.*
July*5,*2012* Konstan1n*Toms,*ICHEP2012,*Melbourne* 15*

K.Toms	
  (ATLAS)	
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  this	
  conference	
  

τ(Λb)/τ(B0)	
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FIT MODELS

12

Fj
b = [fpMp(Mj)Tp(�j ,�j) + (1� fp)Mnp(Mj)Tnp(�j ,�j)]Eb(�j)

Signal Model (physics motivated + resolution effects)

Background Model
(empirical, describes mass sidebands, divided in prompt and non-prompt J/ψ decays)

Fj
s = Gauss(mj)⇥ [exp⌦R(�j)](�j)⇥ Es(�j)

Event-by-event error
gaussian resolution

From MC

Constant = R exp
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FIG. 12: Proper decay length and proper decay length uncertainty distributions for Bd candidates in the high-mass sideband.
The dashed (dotted) curve shows the prompt (no-prompt) component.

V. LIFETIME MEASUREMENT

A. Bd lifetime

In order to measure the Bd lifetime, the Bd mass region is selected from 5.2 to 5.7 GeV/c2 to remove almost all
partially reconstructed B decays. For the background, the PDL is modeled by a (event-by-event) Gaussian function
to describe prompt decays and two positive and two negative exponentials for the long-lived background, fig. 12 (left),
as determined from the high-mass sideband, from 5.45 to 5.7 GeV/c2. The non-prompt mass was found to be well
described by an exponential function (see fig. 8). The prompt background is assumed to be distributed evenly in the
full mass region (other shapes are tested and quoted as systematic uncertainties). The PDL uncertainty background
distribution is empirically modeled by eq. 19, as shown in fig. 12 (right). Unlike the previous Λb (and Bd) lifetime
analysis [13], the PDL uncertainty background parameters are allowed to float in the global fit. The PDL uncertainty
signal shape is fixed to the distribution found in MC (with the same extended reconstruction and selection as in
data). Instead of the histogram, a smoothed version of the MC distribution is used in the nominal fit, in the form of
a superposition of Gaussian functions.15

Fig. 13 shows the projections of the maximum likelihood fit and Table I reports the results obtained for all the
floating parameters.

B. Λb lifetime

The method used to obtain the Bd lifetime is extrapolated to measure the Λb lifetime. The reduced mass region
from 5.42 to 6.05 GeV/c2 is chosen to suppress expected partially reconstructed B decays. Fig. 14 shows fits to the
PDL and error in the mass sidebands, while the results of the maximum likelihood fit in the full mass region are
shown in fig. 15 and table II.

15 We use the Roofit class RooKeysPdf [21] that implements a one-dimensional adaptive kernel estimation p.d.f which model the distribution
of an arbitrary input dataset as a superposition of Gaussian kernels, one for each data point, each contributing 1/N to the total integral
of the p.d.f. The width of the Gaussian is adaptively calculated from the local density of events.
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FIG. 12: Proper decay length and proper decay length uncertainty distributions for Bd candidates in the high-mass sideband.
The dashed (dotted) curve shows the prompt (no-prompt) component.

V. LIFETIME MEASUREMENT

A. Bd lifetime

In order to measure the Bd lifetime, the Bd mass region is selected from 5.2 to 5.7 GeV/c2 to remove almost all
partially reconstructed B decays. For the background, the PDL is modeled by a (event-by-event) Gaussian function
to describe prompt decays and two positive and two negative exponentials for the long-lived background, fig. 12 (left),
as determined from the high-mass sideband, from 5.45 to 5.7 GeV/c2. The non-prompt mass was found to be well
described by an exponential function (see fig. 8). The prompt background is assumed to be distributed evenly in the
full mass region (other shapes are tested and quoted as systematic uncertainties). The PDL uncertainty background
distribution is empirically modeled by eq. 19, as shown in fig. 12 (right). Unlike the previous Λb (and Bd) lifetime
analysis [13], the PDL uncertainty background parameters are allowed to float in the global fit. The PDL uncertainty
signal shape is fixed to the distribution found in MC (with the same extended reconstruction and selection as in
data). Instead of the histogram, a smoothed version of the MC distribution is used in the nominal fit, in the form of
a superposition of Gaussian functions.15

Fig. 13 shows the projections of the maximum likelihood fit and Table I reports the results obtained for all the
floating parameters.

B. Λb lifetime

The method used to obtain the Bd lifetime is extrapolated to measure the Λb lifetime. The reduced mass region
from 5.42 to 6.05 GeV/c2 is chosen to suppress expected partially reconstructed B decays. Fig. 14 shows fits to the
PDL and error in the mass sidebands, while the results of the maximum likelihood fit in the full mass region are
shown in fig. 15 and table II.

15 We use the Roofit class RooKeysPdf [21] that implements a one-dimensional adaptive kernel estimation p.d.f which model the distribution
of an arbitrary input dataset as a superposition of Gaussian kernels, one for each data point, each contributing 1/N to the total integral
of the p.d.f. The width of the Gaussian is adaptively calculated from the local density of events.

Sidebands Sidebands

All signal and bkg 
parameters are allowed 

to float in the 3D 
likelihood fit
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CONSISTENCY CHECKS

• Measured the Bd and Λb lifetimes 
with an alternative method, less 
dependent on background modeling, 
but statistically inferior : 

• Extract signal (mass fits) in bins of 
PDL. χ2 fits return:
cτ(Bd)= 458.3 ± 8.9 (stat.) μm 
cτ(Λb)= 391.4 ± 35.8 (stat.) μm

• Divided data in different data taking 
epochs, η, number of SMT hits: 
results are statistically consistent.
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TABLE IV: Λb and Bd lifetimes in Run IIa and Run IIb. The Bd sample is subdivided in Run IIb1-2 and Run IIb3-4.

Epoch τΛb(µm) τBd(µm)

Run IIa 346.1 ± 46.1 (stat) 480.4± 19.4 (stat)

Run IIb 416.8 ± 25.2 (stat)
456.6± 12.6 (stat)

451.6± 12.3 (stat)

VII. CONSISTENCY CHECKS

A. Data split

1. Epochs

In Table IV we show the lifetime of the Bd and Λb after dividing the data in the two main detector epochs, Run
IIa and Run IIb. The large Bd sample allows (with no convergence problems in the fits) to subdivide the data in Run
IIb1-2 and Run IIb3-4. All these results are statistically consistent.

2. Central/Forward

The data is divided into central and forward, defined as |η(µlead)| < 1 and > 1, respectively. The fits return
cτΛb

(central) = 399.4± 33.7 µm and cτΛb
(forward) = 387.4± 28.9 µm. These results are statistically consistent.

B. Trigger bias

We assumed that there is no trigger lifetime bias, since events recorded exclusively by IP triggers were removed. In
order to test this assumption, we repeated the Bd lifetime measurement in events that fired the DMU2_2MM2V trigger,
which has no central track (CTT) requirements. We found cτBd

= 459.8± 17.0 µm which is well consistent with our
nominal result.

C. Lifetime measurement in Monte Carlo samples

In order to show that the reconstruction does not create any lifetime bias, we performed lifetime fits on samples
of MC, with known generated lifetime, and passed through the full detector simulation and same reconstruction
algorithm as in data. Results of this study are shown in figs. 14 and 15, displaying excellent agreement between the
measured lifetimes and input values.

D. Lifetime measured in bins of PDL

An alternative and independent method to determine the Bd and Λb lifetimes is to split the sample into a number
of subsamples with PDL within different ranges, fitting the mass distribution in each of these subsamples with a
signal Gaussian and an exponential background, as shown in figs. 16 (for Bd) and 17 (for Λb), and Table V (yields
summary). Then, the lifetime is obtained by the minimization of the χ2,

χ2 =
Nbins
∑

i

(

n(m)
i − n(e)

i

)2

(σ(m))2
(23)

where n(m)
i ± σ(m) and n(e)

i are the measured and expected number of signal events in each bin, respectively, the last
given by

n(e)
i = Ns

∫

i

Ts(λ)dλ (24)
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CONSISTENCY CHECKS (2)

• Our results remain stable when:

•  All requirements in variables used 
in the optimization are removed 
one at a time.

• Apply looser and tighter cuts to 
kinematic variables.

• The high-end tail of the 
uncertainty distribution is 
removed.

• Used the same selection criteria 
as in previous DØ lifetime 
measurements.
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TABLE V: Λb and Bd lifetimes fits removing all the cuts used in the optimization process one at a time. *The nominal models
fail to describe the background shape for pT (V

0) ! 1.4 GeV/c, where V 0 = Λ, KS.

Requirement τBd(µm) τΛb(µm)

Nominal 452.2 ± 7.6 390.7 ± 22.4

Allow multiple candidates/event 451.7 ± 7.6 390.2 ± 22.4

No V 0 collinearity cut 448.3 ± 7.4 388.5 ± 22.2

No V 0 distance and significance cut 454.6 ± 7.6 390.5 ± 22.0

No ∆R(µ+, µ−) cut 451.5 ± 7.5 395.5 ± 22.3

No B Isolation cut 449.6 ± 7.4 394.1 ± 22.4

No pT (J/ψ) cut 452.6 ± 7.6 391.6 ± 22.3

No p(B) cut 452.2 ± 7.6 390.7 ± 22.4

No vertex χ2(B) cut 455.1 ± 7.7 387.1 ± 22.7

No pT threshold cut 448.3 ± 7.5 390.0 ± 23.3

* pT (V 0) > 1.4 GeV/c 433.8 ± 6.5 398.1 ± 23.6

pT (V
0) > 1.6 GeV/c 441.5 ± 7.0 397.3 ± 23.0

pT (V
0) > 1.8 GeV/c 452.2 ± 7.6 390.7 ± 22.4

pT (V 0) > 2.0 GeV/c 453.5 ± 7.9 387.7 ± 22.9

pT (V
0) > 2.2 GeV/c 444.4 ± 8.1 407.0 ± 23.4

pT (V
0) > 2.4 GeV/c 447.0 ± 8.7 401.8 ± 24.1

TABLE VI: Λb and Bd lifetimes fits removing the PDL uncertainty high-end tail.

σmax (µm) τBd(µm) τΛb(µm)

100 452.0 ± 7.5 391.3 ± 22.2

150 452.9 ± 7.6 391.8 ± 22.3

200 453.0 ± 7.6 391.0 ± 22.4

300 452.2 ± 7.6 390.7 ± 22.4

where the integration is done within the range of a given bin, Ns is the total number of signal events and Ts(λ) is the
PDL signal PDF:

Ts(λ) =
1

cτ
e−

x
cτ ⊗

∫

G(x − λ, 0, s · σ)Es(σ)dσ. (22)

The PDL error distribution of the signal events, Es, is taken from MC. Ns, cτ and s are free parameters in the χ2 fit.
Results of this study are cτBd

= 458.3± 8.9 (stat) µm and cτΛb
= 391.4± 35.8 (stat) µm, and the projections are

shown in fig. 20. While the counting method is less dependent on combinatorial and B backgrounds (for this reason it
is an important check), statistically is not as powerful as the 3D unbinned maximum likelihood fit. The two methods
are statistically consistent between each other.
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CONSISTENCY CHECKS (3)

19

• Debugged the maximum 
likelihood fit code by generating 
pseudo-experiments:

• We recover the input lifetime.

• We find a lifetime error 
consistent with expectations.

And other checks...
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