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Introduction 
• This talk will cover two recent heavy flavour results 

from the ATLAS Experiment : 


• Precision measurement of the  lifetime  – 
EPJC 85 (2025) 736


• Differential Cross-section measurements of  
and  production - JHEP 07 (2025) 86


• ATLAS is a hermetic, general purpose detector 
designed to measure a wide range of particle 
physics phenomena at the LHC


• Most relevant parts of ATLAS for B-physics 
measurements are the Inner Detector (ID) and Muon 
Spectrometer (MS)


• ID allows precise reconstruction of charged 
tracks for 


• MS further improves muon reconstruction and 
triggering on muons, covers   

B0

D±

D±
s

|η | < 2.5

|η | < 2.7
2Inner Detector Muon Spectrometer

https://link.springer.com/article/10.1140/epjc/s10052-025-14232-8
https://link.springer.com/article/10.1007/JHEP07(2025)086


Precision Measurement of  Lifetime  

EPJC 85 (2025) 736 

B0
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https://link.springer.com/article/10.1140/epjc/s10052-025-14232-8
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Precision Measurement of  Lifetime B0

• Studies of B-hadron lifetimes test our 
understanding of the Weak Interaction 
and can be used to test New Physics 
models 


• Measured Lifetime can be converted to 
decay width, , which can be compared 
with theoretical predictions from the 
Heavy Quark Expansion (HQE) 


• The new result by ATLAS is the most 
precise measurement to date of the  
lifetime


• See CERN Courier article (p. 15) and 
LHC-seminar 

Γd

B0
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https://cerncourier.com/wp-content/uploads/2025/03/CERNCourier2025MarApr-digitaledition.pdf
https://indico.cern.ch/event/1441588/
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Theory Prediction

5

• Decay width, , can be computed using the Heavy Quark Expansion (HQE) 
framework:

Γd

• Relatively large uncertainties on  term, prediction for  (Lenz et al.)


• Note however these large uncertainties cancel in ratios of  for different hadrons

Γ3 Γd = 0.63+0.11
−0.07 ps−1

Γ

https://link.springer.com/article/10.1007/JHEP01(2023)004
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Analysis Strategy 
• Uses the  with  and 

 channel


• Analyses the  of data collected between 
2015-2018 by the ATLAS Experiment 


• Trigger on , with muon thresholds between 11 
GeV and 4 GeV (lower threshold at end of LHC fills) and 
two opposite sign tracks


• Reconstruct  candidates using ID + MS information for 
Muons and matching ID tracks for Kaons and Pions (no 
general Kaon/Pion PID in ATLAS)


• Fit to common vertices in turn for each of the ,  
and 


• Minimal selection requirements so as not to bias the 
decay time distributions 

B0 → K*0J/ψ K*0 → K±π∓

J/ψ → μ+μ−

139 fb−1

J/ψ( → μμ)

B0

K*0 J/ψ
B0
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The proper decay time for each candidate is 
determined as





where  is the transverse decay length 

t =
LxymB

pTB

Lxy

Invariant mass distribution of offline selected dimuon 
candidates, colours indicate trigger passed 
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Analysis Strategy (cont.)
 Lifetime is extracted from a 2D maximum likelihood fit in the B-candidate 

invariant mass and decay time 
B0

7

Mass PDFs Decay time PDFs

Signal fraction Decay time
Decay time 
uncertainty

Error function
Weight to account for 
selection efficiency, 

given by inverse of time 
efficiency functions 

Parameters determined from fits to simulation 
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Invariant Mass Distribution
• Signal is modelled by Johnson 

-distribution 


• Background modelled by 
polynomial + sigmoid function 


• Sigmoid helps to describe 
contribution from partially 
reconstructed -mesons at 
lower mass values 


•   
signal candidates  

SU

B

2,450,500 ± 2400 B0 → J/ψK*0

8
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Decay Time Distribution  

Functions describing the decay time 
distribution:


• Signal decay time modelled as an 
exponential convolved with 
resolution function, which is the 
sum of three Gaussian 
distributions


• Background split into ‘prompt’ 
and combinatorial components 


• Prompt part modelled by 
resolution function


• Combinatorial by the sum of 
three exponentials convolved 
with resolution function 

9

Decay time PDF split into two parts:

Probability terms - 2D 
distributions, account for 
the differences between 
signal and background for 
per candidate  and  
values (see G. Punzi)


• Distributions for  
extracted from data 
via the sPlot method, 
using invariant mass 
distribution as control 
variable  

σti pTi

σti

https://inspirehep.net/literature/642949
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https://inspirehep.net/literature/642949
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Systematic Uncertainties 

10
Statistical uncertainty: 0.0012 ps

ID misalignment 
effectively removed by 
constraining mass of  
candidates to PDG value 
- assess uncertainty by 
removing constraint. Also 
assess momentum scale 
bias effecting low  
hadrons


Test alternative PDFs for 
signal and background 
components and 
inclusion of additional 
processes with 
misidentified for missing 
tracks

J/ψ

pT

Test alternative time 
efficiency functions 


Studied using signal MC 
and sideband data 


Test alternative PDFs 

Test different choices of 
binning and smoothing 
methods
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Results
Measure 


• Most precise measurement to date, differs from 2024 
PDG World average by 


Using HFLAV values, convert this into average  decay width 
of: 




• Agrees with HQE theory prediction of 


Additionally, use previous ATLAS study of  decays 
in which  was measured to compute the ratio




• Agrees with HQE ( ) and lattice QCD 
( ) predictions 

τB0 = 1.5053 ± 0.0012(stat.) ± 0.0035(syst.)ps

2.1σ

Bd

Γd = 0.6639 ± 0.0005(stat.) ± 0.0016(syst.) ± 0.0038(ext.)ps−1

0.63+0.11
−0.07 ps−1

Bs → J/ψϕ
ΓsΓd

Γs
= 0.9905 ± 0.22(stat.) ± 0.0036(syst.) ± 0.0057(ext.)

1.003 ± 0.006
1.00 ± 0.02 11

https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0


 and  Production cross-sections  

JHEP 07 (2025) 86

D± D±
s

12

https://link.springer.com/article/10.1007/JHEP07(2025)086
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 and  Production cross-sections D± D±
s

• Measuring the production of heavy hadrons at 
the LHC is important for testing QCD


• Current theoretical uncertainties are large 
due to quark masses being close to energy 
scale of hard scatter 


• New result provides measurement of  and 
 inclusive and differential cross-sections in 

 and , for first time in ATLAS at 



• Measurements compared with predictions 
from GM-VFNS and FONLL models (setup 
described in previous ATLAS result)

D±

D±
s

pT η
s = 13 TeV

13

GM-VFNS = General-mass variable-flavour-
number scheme 


FONLL = Fixed-order next-to-leading-
logarithm

u
u
d

P

P

c

c̄
d

u
u
d

D−

https://link.springer.com/article/10.1007/JHEP07(2025)086
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.96.012001
https://iopscience.iop.org/article/10.1088/1126-6708/1998/05/007
https://www.sciencedirect.com/science/article/pii/S0550321316300700?via=ihub
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Analysis Strategy 
• Using the  decay channel with 

 and the data collected between 
2016 and 2018 

• Trigger using the muons from ,  
thresholds of at least 11-6 (6) GeV on the 
leading (sub-leading) muon 


• Reconstruct the decay vertex using Inner 
Detector (ID) + Muon Spectrometer info for the 
muons and assign additional ID track to the Pion 


• Separation between primary and secondary 
vertices used to reject backgrounds  


• Selection prioritises prompt  production 
but both prompt and non-prompt  mesons 
are considered as signal 

D±
(s) → ϕπ±

ϕ → μ+μ−

ϕ → μ+μ− pT

D±
(s)

D±
(s)

14
,  where  is the vector connecting the PV and SV in transverse plane and  is the angle between  and 

the  of the  system
Lxy = | ⃗L T |cos(θxy) a0

xy = | ⃗L T |sin(θxy) ⃗L θxy
⃗L T

pT μμπ
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Analysis Strategy 
• Signal yields are extracted from fits to the 

 invariant mass in bins of  and 


• Mass fit model consists of Voigtian (Breit-
Wigner * Gaussian) distributions for each of 
the  and  signals and a quadratic 
exponential distribution for the background 


• Monte Carlo (MC) simulation is used to 
compute the relative efficiency per bin 


• MC  and  distributions are corrected 
to match signal shape from data


• Shapes in general extracted from fits to data 
but simultaneous fits with MC used for some 
bins to improve fit stability 

μμπ pT η

D± D±
s

pT η

15
Example Invariant Mass fit for 0 < |η | < 0.5
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Non-prompt Fraction Correction
Fraction of prompt to non-prompt  
production in MC simulations is corrected 
from fits to the proper decay time: 


• Invariant mass fits are performed in bins 
of lifetime from which the total prompt + 
non prompt yield is extracted


• Templates for the prompt and non-
prompt lifetime distributions derived from 
MC simulation are then fit to the data to 
extract the non-prompt fraction


• Procedure is applied separately to  
and  in three bins of  ([12, 20, 30, 
100] GeV)

D±
(s)

D±

D±
s pT

16
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Systematic Uncertainties 
• Several sources of uncertainty are 

considered:


• Detector effects (muon and track 
reconstruction, trigger efficiencies etc. )


• Use of different signal and background 
fit models, and contributions from 
partially reconstructed -meson 
decays 


• Uncertainties from prompt/non-
prompt corrections are propagated 
into the final result 


• External Branching Ratio 

D

ℬ(D±
(s) → ϕ(μμ)π±)

17
 uncertainty breakdown as a function of D± pT
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Results: Inclusive Cross-sections

18

• Inclusive cross-
sections are 
provided for three 
different  rangespT

D±

D±
s
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Results: Inclusive Cross-sections

• Good agreement 
with GM-VFNS and 
FONLL models for 
both  and , 


• New measurements 
have smaller 
uncertainties than 
predictions 

D± D±
s

18

• Inclusive cross-
sections are 
provided for three 
different  rangespT

D±

D±
s
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Results: Differential 
Cross-sections

19

For : 


• Good agreement with both GM-
VFNS and FONLL seen at low  
and in 


• High , GM-VFNS tends to over-
predict while FONLL still has good 
agreement


For :


• Only GM-VFNS available - again 
gives good agreement at low  and 
in , larger deviation at high 

D±

pT
η

pT

D±
s

pT
η pT

D±

D±
s
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Comparison with ATLAS  Results = 7 TeV

• Compared to previous ATLAS result 
at  which used 2010 
data

s = 7 TeV

20

https://www.sciencedirect.com/science/article/pii/S0550321316300700?via=ihub


Dominic Jones Vietnam Flavour Physics Conference 2025

Comparison with ATLAS  Results = 7 TeV

• Compared to previous ATLAS result 
at  which used 2010 
data

s = 7 TeV

20

• Ratios between 13 TeV and 7 TeV 
cross sections also computed

https://www.sciencedirect.com/science/article/pii/S0550321316300700?via=ihub
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Comparison with ATLAS  Results = 7 TeV

• Compared to previous ATLAS result 
at  which used 2010 
data

s = 7 TeV

20

• Measured ratios agree with both 
GM-VFNS and FONLL predictions, 
though there is a significant 
difference between the two models

• Ratios between 13 TeV and 7 TeV 
cross sections also computed

https://www.sciencedirect.com/science/article/pii/S0550321316300700?via=ihub
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Summary 
• Presented two recent Heavy Flavour 

Measurements from the ATLAS Experiment: 


• Most precise measurement of the  
lifetime  – EPJC 85 (2025) 736


• First measurement by ATLAS of  
inclusive and differential cross-sections 
at  - JHEP 07 (2025) 86


• Both results illustrate the ATLAS experiments 
capability to make interesting and 
important flavour physics measurements


• Stay tuned for more heavy flavour results 
from ATLAS in the near future!

B0

D±
(s)

s = 13 TeV

21

https://link.springer.com/article/10.1140/epjc/s10052-025-14232-8
https://link.springer.com/article/10.1007/JHEP07(2025)086
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults


Backup

22
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The ATLAS Detector 
• Located around one of the four interaction 

points at the Large Hadron Collider at CERN 


• General purpose hermetic detector, capable 
of measuring many different particle physics 
phenomena, including heavy flavour physics 


• Consists of an Inner Detector (ID), 
Calorimeters and a Muon Spectrometer (MS)


• Particularly relevant for B-physics 
measurements are the ID and MS 


• ID allows precise reconstruction of 
charged tracks for 


• MS further improves muon reconstruction 
and triggering on muons, covers  

 

|η | < 2.5

|η | < 2.7

23
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 Lifetime -> Decay WidthB0

τB0 =
1
Γd

1
1 − y2 ( 1 + 2Ay + y2

1 + Ay )

24

The  lifetime  is related to the decay width  via B0 τB0 Γd

Where  is the average decay width of the light and heavy mass eigenstates, 

 and  in which  and  are defined via the summed decay rate 

of the  system to final state f:

Γd = (ΓL + ΓH)/2

y = (ΓL − ΓH)/(2Γd) A =
Rf

H − Rf
L

Rf
H + Rf

L
Rf

L Rf
H

B0 − B̄0

⟨Γ(B0(t))⟩ = Γ(B0(t)) + Γ(B̄0(t)) = Rf
Hexp(−ΓHt) + Rf

Lexp(−ΓLt)

Using external inputs for  and  (from HFLAV 2021) it is possible to measure  from y A Γd τB0

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008
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 Lifetime 2D Conditional Probability distributions B0
d

25
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 Lifetime Invariant Mass Model B0
d

26
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 Lifetime Decay Time Model B0
d

27
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 Lifetime Conditional Probability Distributions - 1D projections B0
d

28
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 Lifetime Time Efficiency Functions B0
d

29

Triggers and offline 
tracking impose upper 
limit on transverse impact 
parameter on the muons/

 vertex - consequently 
see inefficiency at large 
values of decay time

J/ψ
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 Lifetime stability B0
d

30



Dominic Jones Vietnam Flavour Physics Conference 2025

 Lifetime Event Display B0
d

31
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 and  cross-sections normalised distributionsD± D±
s

32
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 and  cross-sections lifetime fitsD± D±
s

33
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 and  systematic uncertaintiesD± D±
s

34
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 and  cross-sections non-prompt fractionsD± D±
s

35

Only statistical Uncertainties shown
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Cross-section Extraction 
• Differential cross-sections are obtained from the fitted yields through: 

36

• Where  are correct for the acceptance, reconstruction and efficiency of the analysis selections Ci


