
B-Physics Results from ATLAS and CMS

Easwar A. Narayanan
(Southern Methodist University, Dallas)

on behalf of ATLAS and CMS Collaborations

59th Rencontres de Moriond 2025

March 30 – April 6, 2025



Easwar A. Narayanan MoriondQCD2025 2

B-Physics at the LHC

The study of B-mesons enables precision tests of flavor physics, CP violation, and rare decay processes, 
providing sensitive indicators of potential new particles or interactions. Its rich phenomenology 

continues to challenge and refine our theoretical frameworks, keeping it at the forefront of 
experimental and theoretical exploration

arXiv:2411.09962

arXiv:2412.15742

CMS-PAS-BPH-22-007

CMS-PAS-BPH-23-008

CMS-PAS-BPH-23-007

CMS-PAS-BPH-23-001

CMS-PAS-BPH-21-007

This talk covers some of the most recent measurements in B-Physics:

• Lifetime measurement of 𝑩𝐝
𝟎  mesons (arXiv:2411.09962)

• Differential cross-section measurements of 𝑫± and 𝑫𝐬
± meson production 

(arXiv:2412.15742)

• Double differential 𝑫∗ production  (CMS-PAS-BPH-22-007)
• Search for FCNC mediated decay -  𝑫𝟎 → 𝝁+𝝁− (CMS-PAS-BPH-23-008)
• Measurement of 𝜰 𝟏𝑺 + 𝒁 production (CMS-PAS-BPH-23-007)
• A test for LFU through the measurement of ratios of branching fractions of 𝑩𝐜

+ 
decays (CMS-PAS-BPH-23-001)

• Measurement of B-meson production fractions (NEW) – (CMS-PAS-BPH-21-007)

https://arxiv.org/abs/2411.09962
https://arxiv.org/abs/2412.15742
https://inspirehep.net/literature/2817902
https://cds.cern.ch/record/2905689
https://cds.cern.ch/record/2921885
https://cds.cern.ch/record/2908224
https://cds.cern.ch/record/2928055?ln=en
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Lifetime of 𝑩𝐝
𝟎 mesons - Overview

Theoretical Overview and Motivation
• b-hadron lifetimes follow this hierarchy1: 𝝉𝑩± > 𝝉𝑩𝐬

𝟎~𝝉𝑩𝐝
𝟎 > 𝝉𝑩𝐜

±

• Differences arise due to Pauli interference and weak annihilation
• Theoretically modeled using Heavy Quark Expansion (HQE) framework2 
• Calculations of ratios of decay widths: HQE3 and Lattice QCD4

• Constrain HQE and Lattice QCD

Data, Event Selection and Reconstruction

• The decay channel 𝑩𝐝
𝟎 → Τ𝑱 𝝍𝑲∗𝟎 was used due to their large branching ratio

• Data amounting to 𝟏𝟒𝟎 fb-1  at 𝒔 =  𝟏𝟑 TeV collected during the period 2015-18
• Events identified through Τ𝑱 𝝍 → 𝝁+𝝁− through dimuon triggers with 𝑝T thresholds at 4, 6 and 11 GeVs
• The 𝑲∗𝟎 → 𝑲+𝝅− is reconstructed from all tracks that are not identified as muons from Τ𝑱 𝝍 and satisfying 

invariant mass of the 𝑲∗𝟎 
• Each combination of Τ𝐽 𝜓 → 𝜇+𝜇− and 𝐾∗0 → 𝐾+𝜋− candidates were fitted to a common vertex by constraining 

the invariant mass of dimuon track to Τ𝐽 𝜓 mass

1. Int.J.Mod.Phys.A 30 (2015) 10, 1543005
2. JHEP 12 (2017) 068
3. JHEP 01 (2023) 004
4. PoS HEP2001 (2001) 098

https://www.worldscientific.com/doi/abs/10.1142/S0217751X15430058
https://link.springer.com/article/10.1007/JHEP12(2017)068
https://doi.org/10.1007/JHEP01(2023)004
https://pos.sissa.it/007/098
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Lifetime of 𝑩𝐝
𝟎 mesons – Maximum Likelihood Fit

Two-dimensional Unbinned Maximum Likelihood Fit
• Mass and proper decay time were simultaneously fitted using a log-likelihood fit function
• Both signal and background were described by the fit; the background consisted of prompt (𝑝𝑝 → Τ𝐽 𝜓 X) and 

combinatorial components (misidentified 𝐵d
0 → Τ𝐽 ψ𝐾∗0 decays)

• Signal proper decay time distribution was modeled using an exponential function while the combinatorial background 
was modeled using three exponential functions

• Data events were weighted using lifetime-efficiency weights, estimated through Monte Carlo (MC) simulations

Invariant mass fit projection Proper decay time projection in two different ranges: 
𝜏 ∈ −0.5; 1  and 𝜏 ∈ 2, ; 21  



Easwar A. Narayanan MoriondQCD2025 5

Lifetime of 𝑩𝐝
𝟎 mesons – Ratio of Decay Width and Systematic Uncertainties 

Average Decay Width of  𝑩𝐝
𝟎 mesons

Γd = 0.6693 ± 0.0005(stat.) ± 0.036(syst.) ± 0.0055(ext.) ps-1

And the ratio of average decay width

ൗΓd
Γs

= 0.9905 ± 0.0022(stat.) ± 0.036(sys.) ± 0.0057(ext.)

Major sources of systematic uncertainties 
• Mass-time correlation due to impacts of invariant mass and proper-decay time on the fit
• Mismodeling of the mass distribution
• Application of time efficiency curves to correct proper decay time dependance on triggers and selection cuts
• ATLAS Inner Detector (ID) misalignment

Compatible with HQE and 
Lattice QCD predictions and 

experimental average

 

*The value for 𝛤s was taken from the measurements1 using 𝐵s
0 → Τ𝐽 𝜓𝜙 decays    

1. Eur.Phys.J.C 81 (2021) 4, 342

https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0
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Lifetime of 𝑩𝐝
𝟎 mesons – Results

Measured lifetime 𝑩𝐝
𝟎 meson

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

Comparison of 𝜏𝐵0  with other experiments 

• In general, good agreement with other experimental results
• Systematic uncertainty was reduced by a factor of 4.7 compared 

to the previous ATLAS measurement1, thanks to the Insertable B-
Layer installed in 2015 for precise vertexing and time resolution, 
and larger datasets for accurate modeling of decays

• Latest world average value2, 1.517 ± 0.004 ps, differs from this 
measurement by 2.1𝜎 standard deviation

1. JHEP 06 (2016) 081
2. Phys. Rev. D 110, 030001

Most precise measurement to date

https://link.springer.com/article/10.1007/JHEP06(2016)081
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001
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Production Cross-section of 𝐷± and Ds
±

 Mesons - Overview

Theoretical Overview and Motivation
• Sizable theoretical uncertainties on NLO, NNLO-QCD1 predictions
• Perturbatively calculable cross-sections available at the LHC (~10% of the pp-collisions and 𝑚𝑐 > Λ𝑄𝐶𝐷)
• Significant decay BR to 𝝉-lepton final states2, and hence, cross-section measurements are useful for the search for 

lepton-flavor-violating 𝜏-lepton decays 

Data, Event Selection and Reconstruction

• Semileptonic decay channel: Τ𝑫± 𝑫𝒔
± → 𝝓 → 𝝁±𝝁± 𝝅± (provides much cleaner signal with a lower background)

• Final state of two muons and one pion to construct D meson vertex
• Data amounting to 𝟏𝟑𝟕 fb-1  at 𝒔 =  𝟏𝟑 TeV collected during the period 2016-18
• Events were required to be accepted by dimuon triggers 
• Dimuon and pion combinations were used for SV fitting

• PV refit was performed after removing three tracks. Due to the long lifetime of Τ𝐷± 𝐷𝑠
±, the characteristics of the 

separation was often used to reject background

1. Eur.Phys.J.C 76 (2016) 8, 471
2. Phys. Rev. D 110, 030001

https://link.springer.com/article/10.1140/epjc/s10052-016-4285-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001
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Production Cross-section of 𝐷± and 𝐷s
±

 Mesons – Systematic Uncertainties

𝑫±

𝑫𝐬
±

For 𝐷±, the largest systematic uncertainty 
contributions arise from the background modeling, 

followed by the decay branching ratios

For 𝐷s
±, the largest systematic uncertainty 

contributions arise from the decay branching 
ratios, followed by the muon reconstruction
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Production Cross-section of 𝐷± and 𝐷s
±

 Mesons – Results

Measured cross-sections of 𝐷± (top) and 𝐷s
± (bottom) 

in bins of 𝜂  and 𝑝T and are compared with theoretical 
calculations[1-7] ; results are mostly consistent    

Results are also compared to pp collision 
data8 collected at 𝑠 = 7 TeV in 2010

1. Phys.Rev.Lett. 96 (2006) 012001
2. Phys.Rev.D 71 (2005) 014018
3. Phys.Rev.D 79 (2009) 094009
4. JHEP 12 (2017) 021

5. Phys.Rev.D 71 (2005) 094013

6. JHEP 05 (1998) 007
7. JHEP 10 (2012) 137

8. Nucl.Phys.B 907 (2016) 717-763

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.96.012001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.71.014018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.094009
https://link.springer.com/article/10.1007/JHEP12(2017)021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.71.094013
https://iopscience.iop.org/article/10.1088/1126-6708/1998/05/007
https://link.springer.com/article/10.1007/JHEP10(2012)137
https://www.sciencedirect.com/science/article/pii/S0550321316300700?via%3Dihub
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Production Cross-section of 𝐷∗± - Overview

Data, Event Selection and Reconstruction

• Analysis used decay channel: 𝑫∗± → 𝑫𝟎𝝅𝒔
± → 𝑲∓𝝅±𝝅𝒔

± (offers best signal to background ratio for broad phase space 
coverage)

• Two tracks were assigned under 𝑫𝟎 mass hypothesis as 𝑲 and 𝝅 with opposite charge originating from a common 

vertex; 𝜋𝑠
± candidate should originate from the vicinity of the same PV as 𝐷0

• Data amounting to 𝟑 nb-1  at 𝒔 = 𝟕 TeV collected in 2010

𝐷∗± signal extraction was done using 
∆𝑀 = 𝑚 𝐾𝜋𝜋𝑠 − 𝑚(𝐾𝜋) 

distribution due to superior mass 
resolution. The long lifetime of 𝐷0  

was also used as a signal 
discriminating variable

Split into two 
𝑝T categories 
to enhance 

sensitivity and 
isolate 

combinatorial 
background  

• In the 𝐷∗± reconstruction, both prompt and nonprompt mesons enter, but to measure the total prompt-charm cross 
section, the nonprompt 𝑫∗± were excluded using the fact that they had shifted PV due to the long lifetime of b-hadrons

• Major sources of systematic uncertainty in the measurements come from tracking efficiency, effective luminosity, 
signal tail systematics and Era dependence
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Production Cross-section of 𝐷∗± - Double Differential Cross-sections 

Double differential cross-sections of prompt 𝐷∗± as a function of 𝑝T in pseudorapidity 𝑦  bins were obtained in 
logarithmic scale

Good agreement with previous measurements from LHCb and ALICE as well as FONLL QCD predictions

This analysis is the first 
double differential 

measurement at the 
LHC in all regions of 𝒚  

in any 𝒑𝑻 

1. Nucl.Phys.B 871 (2013) 1-20
2. Eur.Phys.J.C 77 (2017) 8, 550
3. JHEP 10 (2012) 137

https://www.sciencedirect.com/science/article/pii/S0550321313000965?via%3Dihub
https://link.springer.com/article/10.1140/epjc/s10052-017-5090-4
https://link.springer.com/article/10.1007/JHEP10(2012)137
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Production Cross-section of 𝐷∗± - Total Charm Production Cross Section

• Full phase space charm production measurement 
combined with LHCb1 measurement allows precise 
extrapolation of total charm-pair cross section at 7 TeV

• Largest phase space for charm production ever explored 
at the LHC

• First-ever LHC measurement without assuming charm 
fragmentation universality

• Used data-driven procedure2 for NNLO-QCD comparisons, 
avoiding reliance on fragmentation universality

• Consistent with NNLO-QCD predictions and has smaller 
uncertainty than the NNLO theory

1. Nucl.Phys.B 871 (2013) 1-20
2. PoS EPS-HEP2023 (2024) 367

https://www.sciencedirect.com/science/article/pii/S0550321313000965?via%3Dihub
https://doi.org/10.22323/1.449.0367
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𝚼(𝟏𝐒) Production In Association With a Z-boson - Overview

Theoretical Overview and Motivation
• Significant tension with theory predictions for production of quarkonium 

states with EW bosons1-4

• Two competing processes – Single Parton Scattering (SPS) and Double 
Parton Scattering (DPS)

• So far experimental studies provided only an integrated 𝜎eff measurement, 
i.e., without any distinction between DPS and SPS contributions

Data and Analysis
• Data amounting to 𝟏𝟑𝟕 fb-1  at 𝒔 =  𝟏𝟑 TeV collected 

during the period 2016-18
• Used 𝒁 → 𝟒𝝁 as a normalization channel to measure the 

ratio of fiducial cross sections, ℛ𝑍+Υ(1S)

ℛ𝑍+Υ(1S)

=
𝜎(𝑝𝑝 → 𝑍 + Υ 1S )ℬ(𝑍 → 𝜇+𝜇−)ℬ(Υ 1S → 𝜇+𝜇−)

𝜎(𝑝𝑝 → 𝑍)ℬ(𝑍 → 𝜇+𝜇−𝜇+𝜇−) 
An unbinned maximum likelihood fit was performed in two 

dimensions - 𝑍 and Υ nS  masses1. JHEP 04 (2014) 172
2. Eur.Phys.J.C 75 (2015) 5, 229
3. Eur.Phys.J.C 75 (2015) 5, 229
4. Phys. Rev. Lett. 90, 221803

https://link.springer.com/article/10.1007/JHEP04(2014)172
https://doi.org/10.1140/epjc/s10052-015-3406-9
https://link.springer.com/article/10.1140/epjc/s10052-015-3406-9
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.221803
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𝚼(𝟏𝐒) Production In Association With a Z-boson - Results

A simultaneous fit of ∆𝑦 𝑍 + Υ 1S  and ∆𝜙 𝑍 + Υ 1S
was performed using SPS/DPS templates. The DPS fraction 

was then extracted using sPlot technique

Major sources of systematic uncertainties arise from 
branching fractions and signal model

𝓡𝒁+𝜰(𝟏𝐒) = [𝟐𝟏. 𝟏 ± 𝟓. 𝟓(𝒔𝒕𝒂𝒕) ± 𝟎. 𝟔(𝒔𝒚𝒔) × 𝟏𝟎−𝟑

Using SPS and DPS yields, and the efficiencies calculated by using simulated data samples, the ratio of the fiducial 
cross sections was measured

Using the DPS component in the ℛ𝑍+Υ(1S), 𝜎eff was measured:

𝝈𝐞𝐟𝐟 = 𝟏𝟑. 𝟎−𝟑.𝟓
+𝟕.𝟖𝐦𝐛

First observation of the 𝒁 + 𝜰 𝟏𝑺  
production 

Consistent with other quarkonium 
measurements1-7 in pp-collisions

1. JHEP 04 (2014) 172
2. Eur.Phys.J.C 75 (2015) 5, 229
3. JHEP 01 (2020) 095
4. JHEP 06 (2017) 047
5. Phys.Rev.D 90 (2014) 11, 111101
6. Eur.Phys.J.C 80 (2020) 1, 41
7. Phys. Rev. D 47, 4857

https://link.springer.com/article/10.1007/JHEP04(2014)172
https://link.springer.com/article/10.1140/epjc/s10052-015-3406-9
https://link.springer.com/article/10.1007/JHEP01(2020)095
https://link.springer.com/article/10.1007/JHEP06(2017)047
https://doi.org/10.1103/PhysRevD.90.111101
https://doi.org/10.1140/epjc/s10052-019-7541-6
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.47.4857
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Rare Charm Decays into Two Muons (𝑫𝟎 → 𝝁+𝝁−) - Introduction

Theoretical Overview and Motivation
• FCNCs in 𝑐-hadron decays mediated by 𝑐 → 𝑢 transitions, which have even smaller SM predictions, remain 

less explored
• Rare 𝑐-hadron decays differ from those of b- and s-hadrons due to their loop contributions being 

mediated by lighter quarks, resulting in significant long-distance effects that are hard to predict 
analytically. Consequently, SM predictions are less reliable, and new physics searches focus on 
contributions that significantly exceed SM expectations

• 𝑫𝟎 → 𝝁+𝝁− is such one interesting case1; the SM predicted ℬ 𝐷0 → 𝜇+𝜇−  is of the order of 𝟑 × 𝟏𝟎−𝟏𝟑  
The most sensitive result to date, from LHCb2 set an upper limit at 𝟑 × 𝟏𝟎−𝟗 at 95% CL, four orders of 
magnitude larger than the SM prediction, indicating a substantial unexplored territory

1. Phys.Rev.D 66 (2002) 014009
2. Phys.Rev.Lett. 131 (2023) 4, 041804

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.66.014009
https://doi.org/10.1103/PhysRevLett.131.041804
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Rare Charm Decays into Two Muons (𝑫𝟎 → 𝝁+𝝁−) - Analysis

• Used data collected in 2022-2023 at 𝒔 =  𝟏𝟑. 𝟔 TeV corresponding to ׬ 𝓛𝒅𝒕 = 𝟔𝟒. 𝟓 fb-1

• First analysis using high-rate dimuon triggers developed for CMS Run 3 and the first public result of the 

measurement of 𝓑 𝑫𝟎 → 𝝁+𝝁−  at CMS

• ℬ 𝐷0 → 𝜇+𝜇−  was measured using the cascade decay 𝑫∗+ → 𝑫𝟎𝝅+ , 𝑫𝟎 → 𝝁+𝝁− with the 𝑫𝟎 →
𝝅+𝝅− as the normalization channel, considering both prompt and non-prompt 𝐷0 production

• ℬ 𝐷0 → 𝜇+𝜇− = ℬ 𝐷0 → 𝜋+𝜋−
𝑁

𝐷0→𝜇+𝜇−

𝑁𝐷0→𝜋+𝜋−

𝜀
𝐷0→𝜋+𝜋−

𝜀𝐷0→𝜇+𝜇−
, where 𝑁𝑋  is the number of fitted candidates for 

the decay 𝑋 and  𝜀𝑋  is the corresponding full selection efficiency 
• This approach allowed cancelation of many systematic uncertainties in the selection and reconstruction 

efficiencies of the signal. However, major source of systematic uncertainty comes from the 
misidentification rate of muons

• Combinatorial background (𝐷∗+ → 𝐷0𝜋+arising from B-mesons) was separated from signal decays 

using the displaced 𝑫𝟎 vertex, thanks to the significantly larger lifetime of B-mesons
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Rare Charm Decays into Two Muons (𝑫𝟎 → 𝝁+𝝁−) - Results

ℬ 𝐷0 → 𝜇+𝜇−  and its associated upper limit was obtained through an unbinned maximum likelihood fit on 𝐷0candidate 
mass 𝑚 𝐷0  and the mass difference between the 𝐷∗+ and the daughter 𝐷0 meson ∆𝑚 = 𝑚 𝐷∗+ − 𝑚(𝐷0)

The mass difference 
∆𝒎 is a powerful 

observable for 
suppressing the 
background as it 
yields a narrow 
distribution by 

canceling out the 
muon resolution 

effect

𝓑 𝑫𝟎 → 𝝁+𝝁− < 𝟐 × 𝟏𝟎−𝟗 at 𝟗𝟓% CL;

 𝓑 𝑫𝟎 → 𝝁+𝝁− = (𝟏. 𝟎 ± 𝟎. 𝟗) × 𝟏𝟎−𝟗
Results:

No significant excess above the background expectation was observed

The most sensitive measurement to date; 𝟑𝟓% improvement over the current best limit1

1. Phys.Rev.Lett. 131 (2023) 4, 041804

https://doi.org/10.1103/PhysRevLett.131.041804
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𝓡 Τ𝐉 𝛙 = 𝓑 𝑩𝐜
± → Τ𝑱 𝝍𝝉+𝝊𝛕 / 𝓑 𝑩𝐜

± → Τ𝑱 𝝍𝝁+𝝊𝛍  - Introduction 

Theoretical Overview and Motivation
• The lepton-flavor non-universality arises solely from Yukawa couplings. Current measurements indicate 

that these couplings align with SM predictions for the second and third lepton generations1,2

• A potential observation of lepton flavor violation would be a clear sign of new physics beyond the SM. 
Measurements by B-physics experiments – Belle, BaBar, LHCb, are consistent with LFU hypothesis, 
however there are residual indications of potential LFU violations in 𝒃 → 𝒄𝒍𝒗 transitions

• LHCb measured ℛ ΤJ ψ = ℬ 𝐵c
± → Τ𝐽 𝜓𝜏+𝜐τ / ℬ 𝐵c

± → Τ𝐽 𝜓𝜇+𝜐μ  using a dataset of 3 nb-1 and the result 

was ℛ ΤJ ψ = 0.71 ± 0.17(stat) ± 0.18(sys). This result lies above the range of values currently 

predicted by SM, ℛ ΤJ ψ = 0.258 ± 0.004 at 2𝜎 level

• CMS measured 𝓡 Τ𝐉 𝛙 = 𝓑 𝐁𝐜
± → Τ𝑱 𝝍𝝉+𝝊𝛕 / 𝓑 𝑩𝐜

± → Τ𝑱 𝝍𝝁+𝝊𝛍  using partial Run 2 data (𝟓𝟗 fb-1 

collected in 2018) and the result of this analysis was 𝓡 Τ𝐉 𝛙 = 𝟎. 𝟏𝟕−𝟎.𝟏𝟕
+𝟎.𝟏𝟖 𝐬𝐭𝐚𝐭 −𝟎.𝟐𝟐

+𝟎.𝟐𝟏 𝐬𝐲𝐬 −𝟎.𝟏𝟖
+𝟎.𝟏𝟗 𝐭𝐡𝐞𝐨 . 

The final state of the 𝑩𝐜
± → Τ𝑱 𝝍𝝉+𝝊𝛕 was (𝝁+𝝁−)𝝁+

• The analysis in this presentation is based on full Run 2 dataset (𝟏𝟑𝟖 fb-1) 

1. JHEP 08 (2018) 066
2. Phys.Rev.Lett. 121 (2018) 12, 121801
3. Phys.Rev.Lett. 120 (2018) 12, 121801
4. Phys.Rev.Lett. 125 (2020) 22, 222003

5. Phys.Rev.D 111 (2025) 5, L051102

https://link.springer.com/article/10.1007/JHEP08(2018)066
https://doi.org/10.1103/PhysRevLett.121.121801
https://doi.org/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.222003
https://doi.org/10.1103/PhysRevD.111.L051102


Easwar A. Narayanan MoriondQCD2025 19

𝓡 Τ𝐉 𝛙 = 𝓑 𝑩𝐜
± → Τ𝑱 𝝍𝝉+𝝊𝛕 / 𝓑 𝑩𝐜

± → Τ𝑱 𝝍𝝁+𝝊𝛍  - Analysis 

• The decay 𝑩𝐜
± → Τ𝑱 𝝍𝝉+𝝊𝛕 was reconstructed from decays:  Τ𝑱 𝝍 →

𝝁+𝝁− and 𝝉+ → 𝝅+𝝅−𝝅+(+𝝅𝟎)𝝂𝛕

• For the signal extraction, the possible hadronic 𝝉 lepton 3-prong decay 
via 𝝉+ → 𝜶𝟏𝝊𝛕 where 𝜶𝟏 → 𝝆𝟎 (→ 𝝅+𝝅−)𝝅+ was exploited

• A maximum likelihood fit was performed using 1-dimensional unrolled 
distribution of the invariant masses of two possible candidates for 𝜌0

• 𝐵c
± → Τ𝐽 𝜓𝜇+𝜐μ yield extracted in previous CMS publication was used to 

normalize the ℛ ΤJ ψ

Post-fit distributions of 𝜌0
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𝓡 Τ𝐉 𝛙 = 𝓑 𝑩𝐜
± → Τ𝑱 𝝍𝝉+𝝊𝛕 / 𝓑 𝑩𝐜

± → Τ𝑱 𝝍𝝁+𝝊𝛍  - Results 

𝓡 Τ𝐉 𝛙 𝐡𝐚𝐝𝐫𝐨𝐧𝐢𝐜 𝐜𝐡𝐚𝐧𝐧𝐞𝐥 = 𝟏. 𝟎𝟏−𝟎.𝟒𝟒
+𝟎.𝟓𝟎

Combining with ℛ ΤJ ψ measured using leptonic channel, 

𝓡 Τ𝐉 𝛙 = 𝟎. 𝟒𝟗 ± 𝟎. 𝟎𝟗 𝐬𝐭𝐚𝐭 ± 𝟎. 𝟐𝟓(𝐬𝐲𝐬)

Consistent with SM prediction within 𝟏𝝈 standard deviation
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Production Fractions of B-mesons (NEW) - Τ𝒇𝐬 𝒇𝐮 and Τ𝒇𝐬 𝒇𝐝  

• Production fraction ratios (PFRs) are used in precision measurements of BR (e.g., 𝐵s
0 → 𝜇+𝜇−)

•  Τ𝑓s 𝑓u  
• Τ𝑓s 𝑓d 

• Used the dataset recorded in 2018 at 𝑠 = 13 TeV corresponding to ׬ ℒ𝑑𝑡 = 41.6 fb-1

• First time at CMS - measurement using hadronic-open charm decays (𝐵 s → 𝜋𝐷 s ) and combining the results with 

charmonium channels allows the extraction of the PFRs in charmonium channels (𝐵 s → Τ𝐽 𝜓 𝑋) directly with an 
absolute normalization

A strong 𝑝T and a moderate 𝑠 dependence. A linear trend was observed by LHCb1,2 

1. Phys. Rev. D 104, 032005
2. Phys. Rev. D 100, 031102(R)

Compatible with low 𝒑𝐓 dependence, in tension with assumed linear trend

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
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Production Fractions of B-mesons (NEW) - Τ𝒇𝐝 𝒇𝐮

1. Phys. Rev. D 104, 032005
2. Phys. Rev. D 100, 031102(R)

The PFR Τ𝑓d 𝑓u was also measured using open-charm and charmonium channels to test isospin invariance in 
B-meson production

No significant deviation from isospin invariance was observed within the precision of the data

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
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Summary

• Exciting new results from ATLAS and CMS were presented
• So far, no significant deviations from SM predictions were found

STAY TUNED FOR MORE EXCITING RESULTS!
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BACKUP
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Lifetime of 𝑩𝐝
𝟎 mesons – Effective Lifetime 𝝉 and Decay Width 𝜞𝒅

1. Phys. Rev. D 107, 052008

𝜏eff =
1

Γd
.

1

1−𝑦2

1+2𝐴𝑦2+𝑦2

1+𝐴𝑦
,

Where 
• Γd= average decay width of light and heavy mass 

eigenstates of 𝐵d
0

• y = difference of light and heavy mass eigenstates, 
normalized to 2Γd

• A = production rate asymmetry

“effective lifetime” since this measured quantity is attributed to heavy and light mass 
eigenstates. In the absence of New Physics, 𝜏eff ~ 𝜏, average lifetime of 𝐵d meson 

given by Τ1 Γd 
 

The values for 𝑦 and 𝐴 were taken from HFlav1 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008
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Lifetime Measurement of 𝑩𝒅
𝟎  mesons – Systematic Uncertainties

Summary of systematic uncertainties assigned to the value of the 𝐵𝑑
0 lifetime
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Production Cross-section of 𝐷± and 𝐷s
±

 Mesons – Fitting

• The yields of D mesons were extracted by performing fits to the distributions of 𝑚𝜇𝜇𝜋 in bins of 𝑝T and 𝜂

• For reconstruction efficiencies, the signal yields in bins of pseudo-proper lifetimes were extracted and the resulting 
distributions were fitted with templates from MC simulated events corresponding to prompt and non-prompt production

• The differential cross-section was obtained in each bin of 𝑝T and 𝜂  by dividing the signal yields by integrated luminosity, 

ℬ( Τ𝐷± 𝐷s
± → 𝜙 → 𝜇±𝜇± 𝜋±), bin width and reconstruction and selection efficiency and acceptance correction factors
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𝚼(𝟏𝐒) Production In Association With a Z-boson - Results

The 𝜎𝑒𝑓𝑓 was also measured differentially, in bins of

Υ 1S -meson and 𝑍-boson 𝑝T , which makes this study unique to constrain double-parton distribution functions in 
multiparton interactions1-7 including lattice calculations8-10 and large-momentum effective models11

1. arXiv:1111.0469
2. arXiv:2305.11106
3. arXiv:1708.03528
4. arXiv:1702.00305
5. arXiv:2001.10428

6. arXiv:2001.04256
7. arXiv:2307.08883
8. arXiv:2401.14855
9. arXiv:2304.12481
10. arXiv:2306.01647

11. arXiv:2305.09716

http://www.arxiv.org/abs/1111.0469
http://www.arxiv.org/abs/2305.11106
http://www.arxiv.org/abs/1708.03528
http://www.arxiv.org/abs/1702.00305
http://www.arxiv.org/abs/2001.10428
http://www.arxiv.org/abs/2001.04256
http://www.arxiv.org/abs/2307.08883
http://www.arxiv.org/abs/2401.14855
http://www.arxiv.org/abs/2304.12481
http://www.arxiv.org/abs/2306.01647
http://www.arxiv.org/abs/2305.09716
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Production Fractions of B-mesons (NEW) – Systematic Uncertainties
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