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High precision !"# lifetime 

• Precise measurements on B-lifetimes and their ratios test our understanding of weak 

interactions

• In Heavy Quark Expansion (HQE) theory the decay width of B

q

can be expressed as Γ = Γ& + (Γ , 

where Γ& is for free b-quark decay, and (Γ contains non-perturbative contributions suppressed 

with at least two powers of 1/mb
• Theory prediction: Γ" = 0.63-#.#./#.00

ps
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, 

12
13
= 1.003 ± 0.006. Improvement in lifetimes 

measurements will constrain many BSM models

• The effective lifetime B

0

can be expressed as

where Γ" = 16/17
8 , 9 = 16-17

812
, and : = ;7

<-;6
<

;7
</;6

<, with =>? and =@? defined via the summed decay 

rate of the members of the !"# − B!"# system

Γ !# C = Γ !# C + Γ B!# C = =>?D-17E + =@?D-16E

[ Eur. Phys. J. C 85 (2025) 736 ]
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https://arxiv.org/abs/2411.09962


High precision !"# lifetime 
• Use di-muon triggers with varying pT thresholds of 4, 

6 and 11 GeV. Low thresholds were activated in the end of 
fills

• !# → %/' (∗# selection:

− At least one %/' → +,+- candidate with .//0 < 10
− For the two tracks from (∗# → (,4-, both (4 and 4(
mass hypotheses are considered
− !# vertex .//0 < 3.  If more than one !# candidates in an 
event (10% of the events), the one with least .//0 is chosen

• Primary vertex (PV) is recalculated after removing any tracks used in !#. The PV candidate with the 
smallest 3D impact parameter, a0 (minimum distance between PV and the line extrapolated from the !#
vertex in !# momentum direction), is used.

• The proper decay time t is calculated as 6 = 89:;<
=>

, where @A and BC are the transverse momentum and 

PDG mass of !#, and the transverse decay length DEF is the distance in the transverse plane from PV to 
the !# decay vertex, projected onto @A
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High precision !"# lifetime 

• 2D unbinned maximum-likelihood fit applied simultaneously to mass and proper decay time:

where ℳ and % are PDFs of mass and time, respectively, &'() is the fraction of signal events

ℳsig(mi) uses a Johnson SU-distribution

Background has two components: prompt and

combinatorial (linear and sigmoid functions)

Signal time PDF: exponential convolved by R

Background time PDF: prompt and combinatorial

Resolution R: sum of three Gaussians with S(k) as the

free scaling parameters of fit
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High precision !"# lifetime 
• Trigger, offline reconstruction and selections will

bias the proper decay time distribution. For 
example, all four tracks in !# → %%&& have 
impact parameter cut '# < 10 mm. As a result, 
!# reconstruction efficiency drops as the proper 
time increases – weight factor w(ti) is used to 
compensate for it 

• The time uncertainty depends on +t and pT per 
event, and they are also different for signal and 
background. It is not enough to treat them as 
parameters, but should have PDFs of their own

,-./ +0., 23.
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High precision !"# lifetime 

A total of 2,450,500±2,400 !# → %/' (∗# events 

from the fit, and the extracted effective lifetime is 

• Mass fit projection (left), proper decay time fit 

projections in two different ranges: (0.5, 1) ps (middle) 

and (1, 20) ps (right)

• Solid blue line - total fit; dashed red line - signal

* = 1.5053 ± 0.0012 stat. ± 0.0035 syst. ps
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High precision !"# lifetime 

• It provides the most precise result of the 
effective lifetime of !# to date

• Using 2% = 0.001 ± 0.010 and + = −0.578 ±
0.136 from HFLAV group, the decay width is 
extracted:

Γ" = 0.6639 ± 0.0005(stat. )
±0.0016 syst. ± 0.0038(ext. ) ps=>

where the last error originates from HFLAV

• With Γ? = 0.6703 ± 0.0014 stat. ±
0.0018 syst. ps=> from previous ATLAS 
result [EPJC 81 (2021) 342], decay width ratio is

Γ"/Γ? = 0.9905 ± 0.0022(stat. )
±0.0036 syst. ± 0.0057(ext. )
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Time-dependent CPV in !"# → %/' (

CPV is induced by interference between direct decay and mixing  

)*

+

+̅

*

!"# )!"#

)-, ̅/, ̅0

-, /, 0

1± 1±

!"#- )!"# mixing

!"# %/' (

)!"#

(34567

−(34567(9:;

(" = (9:; − 2(34567

!"# → %/' ( is a golden channel to measure the CP-violation phase ("
(analogous to angle ( in !# → %/' >?) 

Need a simultaneous measurement of mass, decay angle, flavor and 
proper decay time. Differential decay rate of !"# → %/' ( → %/'>>:

Where @ are the decay angles (next slide), ct is the proper decay length, 

A are the interesting parameters such as Bms, BCs, D =
E
F
G̅H
GH

, ("

!"
I,J = K LM!"# ± N LM )!"#
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Time-dependent CPV in !"# → %/' (

• Three transversity basis angles
• ) = (*T, 'T, (T) are used to separate 

the amplitudes into CP even and 
odd parts

• An additional trigger path and a 
new flavour tagging algorithm are 
implemented

[ arXiv:2412.19952 ]
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https://arxiv.org/abs/2412.19952


Time-dependent CPV in !"# → %/' (
Measured mistag probability 

versus the value predicted 

by the tagging algorithm:

2018

Tagger is calibrated with self-tagging !) → %/' *) data

• Efficiency: εtag. Fraction of tagged signals with a specific 

tagger.

• Dilution: D = (1 − 2,), where , is the mistag

probability

• Tagging power: Fraction of correctly tagged signal 

events

Ptag = εtagD
2

Muon tagging trigger
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Time-dependent CPV in !"# → %/' (
Fitted parameters:

• Ai and )i are the transversity amplitudes and their 
corresponding phases

• If combined with 8 TeV result, (" = −74 ± 23 mrad, 
which differs from zero by 3.21 - first evidence for 
indirect CPV in this decay

• Still compatible with SM prediction of −37 ± 1 mrad

~491k signal 
events from fit, out 
of which ~27500
are tagged - the 
largest effective 
data sample of 
tagged signal 
events ever 
collected
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!"# lifetime with !"# → %/' ()# decay
• The phase *+ from the interference between decay and mixing of !# → %/' ()# is related to angle 

, in the unitarity triangle: *+ = 2,. However, the equality is not exact due to a small contribution 
from doubly-Cabibbo-suppressed penguin diagram

• The penguin is not Cabibbo suppressed in the !"# → %/' ()# decay. Measuring the effective !"#
lifetime in this decay can improve the measurement in !# → %/' ()#

tree

penguin

• The untagged effective lifetime of !"# → %/' ()# is defined as 

• Since %/' ()# is pure CP-odd state, and the CP violation in 
the kaon system can be neglected, this channel allows us to 
accurately measure the heavy !"# state’s lifetime

• Previous LHCb result / !"# → %/' ()# = 1.75 ± 0.12 stat. ±
0.07 syst. ps (Nucl. Phys. B 873 (2013) 275) is not as precise as the 
theory prediction of / !"# → %/' ()# = 1.62 ± 0.02 ps

[ JHEP10 (2024) 247 ]
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https://arxiv.org/abs/2407.13441


!"# lifetime with !"# → %/' ()# decay
• The *+*, and -+-,pairs are each fitted to a common vertex. The ()# vertex is required to be at 

least 15 times its uncertainty from the beam line. Their mass can within 2.5. (.=5.5/30 MeV for 
()# or %/') of the nominal mass

• The Λ → 0-, background is removed by momentum asymmetry

• The ()# → -+-, vertex is fitted with ()# mass constrained. Similarly the !"# → *+*,()# vertex is 
fitted with the %/' mass constrained. Distance between !"# and ()# is greater than 5 times its 
uncertainty, and 4.9<m(!"#)<6.0 GeV

• BDT with 8 input variables (vertex probability, particle pT, Lxy etc.) are used to reduce background.
Signal MC and high mass sideband data with 5.6<m(!"#)<6.0 GeV are used for training 

• One BDT in each data-taking year. The control channel !# → %/' ()# is used to validate inputs

• In the simultaneous mass and proper decay time 2D fit, the decay time and mass are further 
confined to 0.2<t<10 ps and 5.17<m(!"#)<5.57 GeV. The total likelihood function reads
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!"# lifetime with !"# → %/' ()# decay
• The signal and control channel efficiencies, *+,-(/) and *+-(/), are 

calculated from MC for each year. Their ratio is found to be flat (no 
dependence on time)

• Separate likelihood in each year (16-18) with independent 
parameters, except for the effective lifetimes of !# and !"# which 
are common

• The means of !# and !"# mass are floating, but their difference is 
constrained to 87.26±0.24 MeV according to PDG

Fit projections 
to 1D mass 
and decay time 
distributions:
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!"# lifetime with !"# → %/' ()# decay

Systematic uncertainties

Projection within !"# mass 

window 5.34-5.42 GeV：

• A total of 727±35 and 68,460±270 signal events are 

obtained for !"# and !#, respectively

• Effective lifetime uncertainty has a factor of two 

improvement over previous result:

* !"# → %/' ()# = 1.59 ± 0.07 stat. ± 0.03 syst. ps
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!"# → %% lifetime

• Signal templates with different proper decay times are generated from MC, fit to data with the smallest &2

• Full procedure is repeated with !± → '/()± signal in data for *+, resolution effect – found to be a 134 fs 
effect
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• Unbinned Extended ML fit to m(%%) distribution, with background parameters unconstrained and signal 
shape from MC. Signal yield is 58±13. Background is subtracted by sPlot technique to obtain the signal 
proper time distribution

[ JHEP09 (2023) 199 ]

• !" → %% is a FCNC process via loop diagrams, and can be used to measure CP-odd (heavy) Bs lifetime

https://arxiv.org/abs/2308.01171


!"# → %% lifetime

• Neyman construction to go from observed to true 
proper time

• Largest systematics from Data-MC discrepancies
• Measured &'' = 0.99,#.#-.#./0 1232. ± 0.17 171. ps, 

compared with SM prediction of 1.624±0.009 ps
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!"# → %% lifetime
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• To extract the effective lifetime of !"# → %%, a 3D UML fit to the dimuon invariant mass, decay time, 
and decay time uncertainty. Data is divided by by data-taking period, dMVA value, and rapidity of 
the most forward muon

• Use !± → &/'(± as the normalization channel for branching fraction, and signal acceptance as a 
function of decay time is also corrected with it

• B(!"# → %%)= 3.83,#.-./#.-0 1232 ,#.4.
/#.45 161 ,#.4-

/#.47 8"/8: ×10,45, >?? = 1.83,#.A#/#.A- 1232. ± 0.04 161. ps

dMVA>0.99

[ Phys. Lett. B 842 (2023) 137955 ]

https://arxiv.org/abs/2212.10311


Heavy flavor physics projections
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Projected CKM angle measurement sensitivities for 
different experiments and data sample sizes [ ATL-PHYS-PUB-
2025-020 ]:

Projected !"" sensitivities with 
3000 fb−1 for different trigger 
working points [ ATL-PHYS-PUB-
2025-016 ]

https://arxiv.org/abs/2503.24346
https://cds.cern.ch/record/2928771


Summary

• Both ATLAS and CMS have a rich program for low energy hadron physics owing to their 

excellent muon and tracking systems

• Time-dependent analysis of b-hadrons are actively pursued in both, in an effort to unveil the 

mysteries of the electroweak interaction and CPV

− Precise measurement of "# lifetime and decay width (ATLAS): 

$ "# → &/( )∗# = 1.5053 ± 0.0012 stat. ± 0.0035 syst. ps

Γ9 = 0.6639 ± 0.0005(stat. ) ±0.0016 syst. ± 0.0038(ext. ) psAB

Γ9/ΓC = 0.9905 ± 0.0022(stat. ) ±0.0036 syst. ± 0.0057(ext. )

− "C# lifetime measurements in exclusive decays:

$ "C# → EE = 0.99A#.#FG#.HI stat ± 0.17 sys ps

$ "C# → &/( )J# = 1.59 ± 0.07 stat. ± 0.03 syst. ps (CMS)

(ATLAS);

− CPV phase in the decay "C# → &/( K: KC = −74 ± 23 mrad (CMS)

• List is not exhaustive, several analyses with run-2 ongoing, and look forward to run-3 results! 
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$ "C# → EE = 1.83A#.I#G#.IM stat ± 0.04 sys ps (CMS)
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• The differential decay rate of Bs
0 → J/ψ !→ µ+µ−K+K− (PLB 816 (2021) 136188)

Time-dependent CPV in "#$ → &/( !

https://arxiv.org/abs/2007.02434

