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Overview on the Λb 
§ Lightest b baryon (udb) 
§ First observed by UA1 in 1991  
  in the decay channel Λb à J/ψΛ 
§ First lifetime measurement from 
  LEP experiments (1992) using  
  the semileptonic decays 
§ First lifetime measurement in the 
  fully reconstructed channel at the 
  Tevatron experiments  
§ Produced in high statistics at LHC 

•  Lifetime and mass measurements at the 
ATLAS and LHCb experiments 
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Fig. 3. The invariant (K, x) mass distribution for tracks associ- 
ated to the muon-vertex for J/~ events. An estimation of the 
background shape obtained from like-sign track combinations is 
shown as a solid line. The K °* signal region used for the analysis 
is indicated. 

take the central bins from 0.84 to 0.9 G e V / c  2. 

4. The decay channel Ab-~.J/~ A 

In order  to search for the decay mode Ab--*J/~ A 
we combine the J / ~  and any A in a cone o f A R 2 <  5 
around the J /~ .  Fur thermore ,  we require that  the A b 
candidates  have P t > 6  G e V / c  and l y 1 < 2  corre- 
sponding to the kinematical  region where the sensi- 
t ivi ty is greatest. The dis t r ibut ion of  the invar iant  
( J /~cA)  mass is shown in fig. 4. We observe a peak 
centered at 5.6 G e V / c  2 indicat ing the presence of  a 
A b signal. We perform a fit to the data  using a gaus- 
sian function for the signal and the result of  a Monte  
Carlo s imulat ion for the background,  which will be 
discussed in the next paragraph. The fit gives 
5590_+50 m e V / c  2 for the mean mass and 120_+40 
M e V / c  2 for the width of  the gaussian. To be more 
precise, we study the dis t r ibut ion of  the mass differ- 
ence Am=m(J/~, A ) - m ( J / ~ ) ,  which has the ad- 
vantage that the measurement  error on the J /V mass 
largely cancels. Fig. 5a shows the resulting distr ibu-  
tion in Am to which we have added  the P D G  value 
of  the J /V mass. 

Combinator ia l  background to the Ab signal will 
come from (p~)  and (~+~t - )  backgrounds in the A 
and J /~/s ignal  region, respectively, and from real J /  
~¢'s combined  with real A's  from the underlying event 

Fig. 4. The distribution of the invariant mass m(J /~A)= 
m(p.+~-p+~-)~ -(+) ) showing the Ab signal. A fit to the spec- 
trum using a gaussian function and the result of the Monte Carlo 
simulation for the background shape is shown as a solid line. 

or  the beauty quark fragmentat ion.  We used a Monte  
Carlo s imulat ion to describe the background which 
contains a s imulat ion of  the underlying event,  beauty 
and charm product ion and decays. More details  of  
the UA1 Monte  Carlo product ion can be found else- 
where [ 1,5]. F rom this s tudy we find that the Am 
dis t r ibut ions  for the above background processes are 
of  s imilar  shape. For  an independent  es t imat ion of  
the combinator ia l  background we use the J / ~  and A 
guard bands.  In fig. 5b we plot the Am+m(J/Ig)PDG 
dis t r ibut ion using d imuon pairs selected from the J /  
xg guard bands  and in fig. 5c using (px )  pairs selected 
from the A guard bands. The lat ter  has been normal-  
ized to the es t imated (px )  combinator ia l  back- 
ground. Both dis t r ibut ions are approximate ly  flat in 
the Au signal region. The dis t r ibut ion for the J/~g 
guard bands is compared  to our Monte  Carlo distri- 
bution,  which we normal ize  to the data  for A m +  
m(J/Xg)pD•> 5 G e V / c  2. A small excess is expected 
at the lower end of  the mass dis t r ibut ion for Au cas- 
cade decays. We find a good agreement between the 
Monte Carlo s imulat ion of  the background and our 
exper imental  background data. 

We determine  the line shape of  the spectrum in fig. 
5a by fitting the data  with a gaussian function for the 
signal and the Monte  Carlo shape for the back- 
ground. The summed contr ibut ions  are normal ized 
to the number  of  entries in the histogram. The result- 
ing fit, super imposed in fig. 5a as a solid line, de- 
scribes well the background and the signal. The fit 
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N (Λb) = 16 ± 1 



Recent lifetime measurements at Tevatron 
§  There is a more then 2σ discrepancy between two recent CDF lifetime 

measurements: ΛbàJ/ψΛ and ΛbàΛcπ decay channels 
§  There is a more then 2σ discrepancy between recent CDF and DØ results in 

the same channel: ΛbàJ/ψΛ 
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FIG. 2: (color online) Proper decay length distributions for (a) Λ0
b → J/ψΛ0 and (b) B0 → J/ψK0

S candidates, with fit results
superimposed.

Using these measurements we calculate the ratio of life-
times,

τ(Λ0
b)

τ(B0)
= 0.864± 0.052 (stat.)± 0.033 (syst.), (4)

where the systematic uncertainty is determined from the
differences between the lifetime ratio obtained for each
systematic variation and the ratio of the nominal mea-
surements, and combining theses differences in quadra-
ture, as shown in Table I. Our result, 0.86 ± 0.06, is in
good agreement with the HQE prediction of 0.88±0.05 [5]
and compatible with the current world-average, 1.00 ±
0.06 [4], but differs with the latest measurement of the
CDF Collaboration, 1.02 ± 0.03 [3], at the 2.2 standard
deviations level. Our measurements supersede the previ-
ous D0 results of τ(Λ0

b), τ(B
0) and τ(Λ0

b)/τ(B
0) [6].

We thank the staffs at Fermilab and collaborating
institutions, and acknowledge support from the DOE
and NSF (USA); CEA and CNRS/IN2P3 (France);
MON, Rosatom and RFBR (Russia); CNPq, FAPERJ,
FAPESP and FUNDUNESP (Brazil); DAE and DST (In-
dia); Colciencias (Colombia); CONACyT (Mexico); NRF
(Korea); FOM (The Netherlands); STFC and the Royal
Society (United Kingdom); MSMT and GACR (Czech
Republic); BMBF and DFG (Germany); SFI (Ireland);
The Swedish Research Council (Sweden); and CAS and
CNSF (China).

[1] G. Bellini, I. I. Y. Bigi, and P. J. Dornan, Phys. Rep.
289, 1 (1997).

[2] A. J. Lenz, AIP Conf. Proc. 1026, 36 (2008).
[3] T. Aaltonen et al. (CDF Collaboration), Phys. Rev. Lett.

106, 121804 (2011).

[4] K. Nakamura et al. (Particle Data Group), J. Phys. G
37, 075021 (2010).

[5] C. Tarantino, Nucl. Phys. B, Proc. Suppl. 156, 33 (2006).
[6] V. M. Abazov et al. (D0 Collaboration), Phys. Rev. Lett.

99, 142001 (2007).
[7] V. M. Abazov et al. (D0 Collaboration), Phys. Rev. Lett.

99 182001 (2007).
[8] T. Aaltonen et al. (CDF Collaboration), Phys. Rev. Lett.

104, 102002 (2010).
[9] P. Abreu et al. (DELPHI Collaboration) Eur. Phys. J. C

10, 185 (1999).
[10] K. Ackerstaff et al. (OPAL Collaboration), Phys. Lett. B

426, 161 (1998).
[11] R. Barate et al. (ALEPH Collaboration), Eur. Phys. J.

C 2, 197 (1998).
[12] F. Abe et al. (CDF Collaboration), Phys. Rev. Lett. 77,

1439 (1996).
[13] V. M. Abazov et al. (D0 Collaboration), Nucl. Instrum.

Methods Phys. Res. A 565, 463 (2006).
[14] M. Abolins et al., Nucl. Instrum. Methods Phys. Res. A

584, 75 (2008).
[15] R. Angstadt et al., Nucl. Instrum. Methods Phys. Res.

A 622, 298 (2010).
[16] S. Ahmed et al., Nucl. Instrum. Methods Phys. Res. A

634, 8 (2011).
[17] T. Sjöstrand et al., Comp. Phys. Commun. 135, 238

(2001).
[18] D. J. Lange, Nucl. Instrum. Meth. Phys. Res. A 462, 152

(2001).
[19] R. Brun and F. Carminati, CERN Program Library Long

Writeup No. W5013, 1993 (unpublished).
[20] V. M. Abazov et al. (D0 Collaboration), Phys. Rev. Lett.

99, 052001 (2007).
[21] Isolation is defined as p(B)/

[

p(B) +
∑

<∆R p
]

, where
p(B) is the momentum of the b hadron and the sum,
excluding the decay products of the b hadron, is over the
momentum of all particles from the PV within the larger
∆R(µ±, b hadron) cone in pseudorapidity-azimuthal an-
gle space, defined as ∆R =

√

∆η2 +∆φ2.

DØ 

τ (Λb ) =1.303± 0.075(stat)± 0.035(syst)ps

arXiv:1204.2340 [hep‐ex]  

6

]2)[GeV/c+ KψMass (J/
5.2 5.25 5.3 5.35

2
Ev

en
ts

 / 
4 

M
ev

/c

0

2000

4000

6000

8000

10000

]2)[GeV/c+ KψMass (J/
5.2 5.25 5.3 5.35

2
Ev

en
ts

 / 
4 

M
ev

/c

0

2000

4000

6000

8000

10000

]2)[GeV/c+ KψMass (J/
5.2 5.25 5.3 5.35

2
Ev

en
ts

 / 
4 

M
ev

/c

0

2000

4000

6000

8000

10000
Data
Data fit 
Sideband region

(a)

]2 K*)[GeV/cψMass (J/
5.2 5.25 5.3 5.35

2
Ev

en
ts

 / 
4 

M
ev

/c

0
500

1000
1500
2000
2500
3000
3500
4000

]2 K*)[GeV/cψMass (J/
5.2 5.25 5.3 5.35

2
Ev

en
ts

 / 
4 

M
ev

/c

0
500

1000
1500
2000
2500
3000
3500
4000

Data
Data fit 
Sideband region

(b)

]2)[GeV/cΛ ψMass (J/
5.5 5.55 5.6 5.65 5.7 5.75

2
Ev

en
ts

 / 
6 

M
ev

/c

0

100

200

300

400

500

]2)[GeV/cΛ ψMass (J/
5.5 5.55 5.6 5.65 5.7 5.75

2
Ev

en
ts

 / 
6 

M
ev

/c

0

100

200

300

400

500 Data
Data fit 
Sideband region

(c)

FIG. 1: Invariant mass together with mass fit projection for (a) B
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FIG. 2: Decay time distributions for (a) B

+ ! J/ K

+, (b) B

0 ! J/ K

⇤, and (c) ⇤0
b

! J/ ⇤0 candidates.

We considered correlated and uncorrelated systematic
uncertainties. Correlated uncertainties a↵ect all mea-
sured lifetimes identically, and cancel in ratios. We esti-
mate uncertainties due to any residual misalignments of
the silicon detector using Monte Carlo samples generated
with radial displacements of individual sensors (internal
alignment) and relative translation and rotation of the
silicon detector with respect to the COT (global align-
ment). The XFT triggers on tracks assuming they orig-
inate from the center of the beam, which may introduce
a bias for triggering long-lived decays. No indication of
any bias was found in a study of the XFT response in
a large sample of simulated events but a small uncer-
tainty is assigned due to the limited statistical precision
of the evaluation method. The systematic uncertainty
that results from ignoring the correlation between re-
constructed mass and �

ct in the likelihood is found to
be negligible. The remainder of systematic uncertainties
are treated as uncorrelated. They were determined us-
ing pseudo-experiments in which many statistical trials
are generated according to alternate PDFs where the al-
ternate parameters are derived from data. The shift in
data due to the alternate PDFs were consistent with the
shift observed with the pseudo-experiments. As the time-
resolution is determined from the prompt events, and the
shape of those events is sensitive to the modeling of long-
lived (positive and negative) background, uncertainties in
the background modeling can a↵ect the lifetime through
the resolution function. We account for that uncertainty
by including an extra long-lived component in the back-

ground model. This alternate description produces a sub-
stantial change in the fraction of prompt events (approx-
imately 7%), and has a small but non-negligible e↵ect
on the lifetime. A further small uncertainty arising from
the functional form of R is also assessed and included
in the total resolution uncertainty. To evaluate uncer-
tainties in the mass model, alternate parametrizations,
including a 2nd order polynomial for background, and
a single Gaussian to describe signal events, were con-
sidered. Alternatives to the background PDF included
extra long lived and Gaussian components. We deter-
mined the uncertainty due to the �ct parametrization by
using a reasonable alternate model. We also considered
the e↵ect of ignoring any di↵erences between signal and
background mass uncertainties by using distributions de-
termined from data to generate the values of the mass
uncertainty in the pseudo-experiments. We also deter-
mined the systematic uncertainty due to the presence of
the Cabibbo suppressed channel B

+ ! J/ ⇡

+ in the
charged B decays, and the e↵ect of swapping the kaon
and pion hypotheses in K

⇤0 reconstruction. The possi-
bility of a systematic biases caused by the �ct and p

T

selection requirements were found to be negligible. The
systematic uncertainties are summarized in Table I.

We measure ⌧(B+) = [1.639 ± 0.009(stat) ±
0.009(syst)] ps and ⌧(B0) = [1.507 ± 0.010(stat) ±
0.008(syst)] ps where the two B

0 measurements have
been combined. These results are consistent and of simi-
lar precision to the leading measurements from Belle [15]
which are ⌧(B+) = [1.635 ± 0.011(stat) ± 0.011(syst)]

CDF 

τ (Λb ) =1.537± 0.045(stat)± 0.014(syst)ps

Phys. Rev. Lett. 106, 121804 (2011) 



The ATLAS detector 
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B physics measurements require excellent tracking capabilities and muon identification 
§  Inner Detector (|η| < 2.5)  

§  Silicon pixels and strips (SCT) with Transition Radiation Tracker (TRT) 
§  2T Solenoidal field 
§  σp/p ~ 3 - 5 % 
§  Impact parameter resolution ~ 10µm    §  Muon Spectrometer (|η|<2.7) 

§  4 detector technologies: 
dedicated tracking and 
trigger chambers 

§  0.5 - 2T Toroidal field  
§  σp/p ~ 5% (for pT = 10 - 

100GeV)  



Performance 
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Nucl. Phys. B850 (2011) 387 

46 ± 1 MeV 

§  Excellent mass resolution required for good S/B 
separation  

§  Transverse impact parameter of the 
reconstructed tracks with respect to the PV at 
two different pile-up conditions 

§  Muon reconstruction efficiency using J/ψ 
decays 

5

Performance

Mass resolutions: σm(J/ψ - Υ)~(60 - 120) MeV (ID dominated)

B-Physics measurements rely on good muon reconstruction
- Good Muon Spectrometer 
performance for muon trigger and 
identification

- Good Inner Detector Vertexing/Traking 
performance for precision measurements/
muon momentum resolution

AtlasIDPublicResults

Transverse impact parameter at two different 
pile-up conditions

ATLAS-CONF-2011-021

Muon reconstruction efficiency 
using J/ψ decays

E.Musto  - DIS2012 - March 29, 2012

CB= ID and MS track matched           
ST= ID track and MS segment matched
Chain 1= One of the two ATLAS muon reconstruction algorithms 
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pT [GeV] 



7/23/12 7 

2010: 7TeV 
~ 0.05fb‐1 

2011: 7TeV 
~ 5.6 fb‐1 

2012: 8TeV 
~ 7.7 fb‐1 

§  Luminosity delivered 
to ATLAS since the 
beginning 

§  In this analysis we 
used ~ 5fb-1 collected 
during 2011 

§  Status of the ATLAS detector 



Trigger for B physics 
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No displaced vertex requirements - advantage for lifetime measurement 

§  EF_mu20 
a single muon trigger at 
level 1, confirmed at the 
high level trigger, passing a 
threshold of 20GeV 

§  EF_mu4mu6_X  
two muon triggers at level 1, 
confirmed at the high level 
trigger, with one objects 
passing a threshold of 4 
and the other 6 GeV 

 



Lifetime measurement 
§ Measurement method: 

§  The proper decay time is calculated 
for each candidate as:  

 
§  Lxy is a Λb transverse decay distance 

measured from the primary vertex 
§  m(Λb) = 5620.2 MeV   

§ Measurement procedure: 
§  Select signal events  
§  Build p.d.f. for   

§  Mass and proper decays time 
§  Signal and Background 

§  Mass and lifetime simultaneously 
extracted with unbinned likelihood fit  
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τ = Lxy
m(Λb )
pT (Λb )

•  Cascade*decay*topology:*secondary*(Λb**J/ψΛ0)*and*ter1ary*
(Λ0p*π3)*ver1ces.*

•  Reconstruc1on*efficiency*oÉ*he*Λ0*decreases*with*distance*from*
the*primary*vertex,*so*a*study*of*the*selec1on*biases*is*needed.*

•  4075*Λ0*and*4081*Λ0*candidates*are*selected*in*4.9*c31*of*2011*
data.*

July*5,*2012* Konstan1n*Toms,*ICHEP2012,*Melbourne* 11*

Λb*mass*and*life1me*measurement:**

signal*reconstruc1on*
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B0àJ/ψ KS is used as a control sample 
due to its similar topology. The lifetime 
of B0 is also measured in this analysis. 
It is used to compute the lifetime ratio 
τ(Λb)/ τ(B0) 

cτ (Λ) = 7.3cm



Signal Selection   
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4074 Λb and 4081 anti Λb candidate 
(including background) were selected   

§  Selection of Λb à J/ψ(µµ) Λ(πp) 
§  Perform fit on 4 tracks 

simultaneously (χ2/Ndof < 3) 
§  Transverse decay length (Lxy) of Λ 

candidate from Λb vertex is required 
to be greater than 10mm 

§  pT of refitted V0 > 3.5 GeV 
§  5.38 GeV < mJ/ψΛ < 5.9GeV 

J/ψ (µµ) candidates  

Λ (πp) candidates  
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Background and Signal fit models   
§ Signal: 

§ Proper decay time 
§ Exponential and  
§    efficiency function à  

§ Mass  
§ Gaussian function 

§ Background:  
§ Proper decay time 

§ Prompt component  
§ Non-prompt component  

§ Mass  
§ Polynomial function  
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Systematics of the measurement 

Uncertainty στ   
(fs)  

σm  
(MeV)  

Selection/reconstruction 12 0.9 
Background fit models 9 0.2 
Bd contamination 7 0.2 
Misalignment 1 - 
Extra material 3 0.2 
Tracking pT scale - 0.5 
Total systematics 17 1.1 

§ Selection: 
§ V0 reconstruction 

§ 82 ± 46 Bd candidates 
misidentified as Λb 
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Λb mass measurement 
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N (Λb) = 2184 ± 57 
The most precise measurement is from LHCb  
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m(Λb ) = 5619.7± 0.7(stat)±1.1(syst)MeV



Lifetime measurement results 
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ATLAS

τ (Λb ) =1.499 ± 0.036(stat)± 0.017(syst)ps
PDG(2012): τ(Λb) = 1.425 ± 0.032 ps  



Cross - check 
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τ (Bd ) =1.509 ± 0.012(stat)± 0.018(syst)ps

PDG(2012): τ(Bd) = 1.519  ±  0.007 ps 	


                                            m(Bd) =  5279.5 ±  0.3 MeV 	
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Same selection and fitting procedure is  
applied on Bd à J/ψ Ks candidates! 



Comparison with other measurements 

ATLAS lifetime measurement is the most precise Λb lifetime 
measurement in the world! 
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τ (Λb ) =1.499 ± 0.036(stat)± 0.017(syst)ps



Ratio 
τ (Λb )
τ (B0 )

= 0.960 ± 0.025(stat)± 0.016(syst)

§  Consistent with  
§  the world average: 1.00 ± 0.06  
§  NLO theoretical predictions 0.86 ± 0.5 and 0.88±0.5 
§  recent DØ measurement:   0.864 ± 0.052(stat) ± 0.033 (syst) 
§  recent CDF measurement: 1.020 ± 0.030(stat) ± 0.008 (syst)  
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Testing Heavy Quark 
Expansion (HQE) theory 
in B hadrons which 
predicts hierarchy of B 
hadron lifetimes due to 
spectator effects on decay 
of b quark  



Conclusions 
§ ATLAS has already delivered many important B‐physics  

measurements, and more are on the way 
§ ATLAS Λb lifetime measurement is the most precise Λb   

lifetime measurement in the world and it is consistent with 
previous measurements 

§ The precision of the Λb mass measurement is now the 
second‐best 

§ Preparations to measure the Λb polarization are underway  
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