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Beauty flavor in the quark-gluon plasma
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Heavy quarks are well-known probes of the QGP. 

New insights with beauty: 

‣ pQCD calculations more accurate than for charm 
!"extraction of transport properties [NPA 979 (2018) 21-86] 

‣ collisional and radiative energy loss 
! test mass and flavor dependences 

‣ contraints on hadronization mechanism(s) 
!"fully-reconstructed b-hadron decays 
! strangeness enhancement for open heavy-flavor 
hadrons via Bs/B+ yield ratio
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Model references: PLB 735 (2014) 445, PRC 94 (2016) 044908,  
JHEP 02 (2016) 169, PRD 91 (2015) 085019, PRC 93 (2016) 044909

PRL 119 (2017) 152301

First measurement of B± in PbPb collisions
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http://10.1016/j.nuclphysa.2018.09.002
https://doi.org/10.1016/j.physletb.2014.05.050
https://doi.org/10.1103/PhysRevC.94.044908
https://doi.org/10.1007/JHEP02(2016)169
https://doi.org/10.1103/PhysRevD.91.085019
https://doi.org/10.1103/PhysRevC.93.044909
http://dx.doi.org/10.1103/PhysRevLett.119.152301


The peculiar physics case of Bc mesons
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Hybrid quarkonium state 

‣ mass and binding energy between J/ψ and ϒ(1S) 
!"sensitive to medium-induced dissociation 

‣ small production cross section in pp collisions 
!"low-pT enhancement via the recombination of 
beauty and charm quarks within the QGP 

‣ probing the mass, flavor, and color charge 
dependence of energy loss mechanisms  
(high pT regime)

Compilation of CMS 
RAA measurements 
D0, PLB 782 (2018) 474 
h±, JHEP 04 (2017) 039 
B±, PRL 119 (2017) 152301 
b→ J/ψ, EPJC 78 (2018) 509

c
b mBc = 6.3 GeV

mailto:florian.damas@cern.ch
http://dx.doi.org/10.1016/j.physletb.2018.05.074
http://dx.doi.org/10.1007/JHEP04(2017)039
http://dx.doi.org/10.1103/PhysRevLett.119.152301
http://dx.doi.org/10.1140/epjc/s10052-018-5950-6


Measuring B mesons with CMS
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Ideal experiment to reconstruct exclusive b-hadron decays involving J/ψ → μ+μ- final states 

‣ J/ψ measurable down to pT ~3 GeV (forward region) and up to the most central collisions 

‣ excellent vertex and muon momentum resolutions 
! separation of prompt and 
nonprompt J/ψ components  
(see Gyeonghwan’s talk) 

‣ luminosity for rare signals 
B+ → J/ψ K+ 

Bs → J/ψ 𝜙 (→ K+K-) 
Bc+ → J/ψ μ+ 𝜈μ

Dimuon distributions in the J/ψ mass region [PAS-HIN-21-008]

mailto:florian.damas@cern.ch
https://indico.cern.ch/event/1037821/contributions/4841773/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-008/index.html


BDT-based selections for rare signals
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Exploiting features of B meson decay topology 

‣ final-state particles from a common vertex 

‣ significance of the displacement between 
decay and collision vertices 

‣ pointing angle 𝛼 

‣ constraints on particle’s pT 

‣ + variables specific to each case studied 

Boosted Decision Trees trained with  
signal MC samples for each B meson separately.
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B+ and Bs signal extraction
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BDT selection 
⇩ 

background rejection 
better than 97% 

! first observation of the 
Bs meson in heavy ion 

collisions!

Background contributions 

‣ uncorrelated combinations of J/ψ candidates with extra particles 

‣ contaminations from other B decays* (partially reconstructed decays + misidentified charged tracks)
*negligible in the Bs meson case (tight mass selection for the 𝜙 candidate)

PLB 829 (2022) 137062B+ → J/ψ (→ μ+μ-) K+ Bs → J/ψ (→ μ+μ-) 𝜙 (→ K+K-)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-19-011/index.html


Investigating beauty hadronization with Bs/B+
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Measured yield ratios compatible with predictions from heavy-quark (re)combination models  
as well as with pp reference data 
! no significant evidence for enhancement of Bs/B+ in PbPb collisions (expected at low pT)
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Model references 
He et al., PLB 735 (2014) 445 
Cao et al., PLB 807 (2020) 135561 
Song et al., EPJC 78 (2018) 344 

LHCb measurement in pp 
collisions, PRL 124 (2020) 122002

PLB 829 (2022) 137062

mailto:florian.damas@cern.ch
https://doi.org/10.1016/j.physletb.2014.05.050
https://doi.org/10.1016/j.physletb.2020.135561
https://doi.org/10.1140/epjc/s10052-018-5817-x
https://doi.org/10.1103/PhysRevLett.124.122002
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-19-011/index.html


Observation of the Bc+ meson
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‣ reconstructed in the decay mode Bc+ → (J/ψ → μ+μ-) μ+ 𝜈μ 

‣ template fit of the trimuon mass performed simultaneously in three BDT intervals 

‣ background contributions estimated from data and MC samples

background 
enriched

signal 
enriched

arXiv:2201.02659

mailto:florian.damas@cern.ch
https://arxiv.org/abs/2201.02659


Bc+ nuclear modification factor
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ρ1-2: bin-to-bin correlation factor

No significant variation as 
a function of centrality

‣ significant suppression in the high-pT region 

‣ low-pT bin standing above by 1.8σ 
!"hint for a softer pT spectrum in PbPb collisions

arXiv:2201.02659

mailto:florian.damas@cern.ch
https://arxiv.org/abs/2201.02659


Comparison with quarkonium states
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Comparison with previous measurements for 
prompt J/ψ and ψ(2S) [EPJC 78 (2018) 509], 
ϒ(1S) and ϒ(2S) [PLB 790 (2019) 270] 

‣ Bc+ less suppressed than quarkonia despite a 
binding energy between J/ψ and ϒ(1S) 
! importance of heavy-quark recombination? 

‣ Call for first theoretical calculations and  
more-differential measurement in the future

arXiv:2201.02659

mailto:florian.damas@cern.ch
http://dx.doi.org/10.1140/epjc/s10052-018-5950-6
https://doi.org/10.1016/j.physletb.2019.01.006
https://arxiv.org/abs/2201.02659


Summary
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Measurements of beauty flavor hadrons offer new insights 
into the microscopic QGP properties 

‣ first observation of the Bs and Bc+ mesons 

‣ hint of a weaker suppression than for light and other 
open heavy flavor hadrons at low pT  
+ convergence towards higher momenta 

‣ no sign of beauty hadronization modification with Bs/B+ 

‣ Bc+ less suppressed than quarkonia 

Interpretation of measurements statistically limited 
! to be continued in Run 3
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Compilation of CMS RAA measurements 
h±, JHEP 04 (2017) 039; D0, PLB 782 (2018) 474 
B±, PRL 119 (2017) 152301; Bs, PLB 796 (2019) 168 
Bc+, arXiv:2201.02659

mailto:florian.damas@cern.ch
http://dx.doi.org/10.1007/JHEP04(2017)039
http://dx.doi.org/10.1016/j.physletb.2018.05.074
http://dx.doi.org/10.1103/PhysRevLett.119.152301
http://dx.doi.org/10.1016/j.physletb.2019.07.014
https://arxiv.org/abs/2201.02659


Thank you for your attention! 
관심을 가져주셔서 감사합니다 

This in-person presentation is made possible by the financial support  
of the France-Korea Particle Physics Laboratory (FKPPL)

http://www.p2io-labex.fr/en/Phocea/Page/index.php?id=27


Supplementary material



Systematic uncertainties for B+ and Bs
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Summary of the systematic uncertainties (relative values in %)

PLB 829 (2022) 137062
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Analysis of the Bc+ production
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Reconstructed in the decay mode Bc+ → (J/ψ → μ+μ-) μ+ 𝜈μ 

‣ three muons from a same displaced vertex 

‣ one opposite-sign pair consistent with the J/ψ mass 

‣ trimuon kinematics + wide invariant mass distribution 

Signal topology similar to three background categories 

‣ Fake J/ψ = accidental dimuon taken as the J/ψ 
!"mass sidebands in data 

‣ Association of a true J/ψ with a misidentified hadron 
! nonprompt J/ψ Monte Carlo (B → J/ψ + X) 

‣ Combination of a J/ψ and a muon from different vertices 
! decorrelation by rotating the J/ψ candidates around the PV 
before association with muons (data)

CMS-PAS-HIN-20-004
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https://cms-results.web.cern.ch/cms-results/public-results/superseded/HIN-20-004/index.html


Template fit for Bc+ signal extraction
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pp data

PbPb data

Background components 

‣ rotated J/ψ data sample 

‣ nonprompt J/ψ MC 

‣ wrong J/ψ candidate 
(data dimuon sidebands) 

‣ pure combinatorial 
background from three 
same-sign muons

arXiv:2201.02659
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https://arxiv.org/abs/2201.02659


Towards Bc+ production cross sections
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BDT selection 
+ template fit

Acceptance and efficiency 
corrections

Fit + correction of the signal 
Monte Carlo pT spectrum

Analysis workflow 
first step 
second step 
output / result

Final acceptance and efficiency 
+ variations* for systematic 

uncertainties (dominant)

Event 
normalization

*account for correlations with other uncertainties (template fit shapes, …)

raw yields

new yields

corrected yields

corrected MC 
pT shape

corrected MC pT shape

ρ1-2: bin-to-bin correlation factor

arXiv:2201.02659
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