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Outline

● Search for rare D0→μμ decay
● First full reconstruction of B* mesons
● Follow other CMS results:
● Lepton flavor (universality) violation studies

with heavy flavor at CMS

● Observation of a family of all-charm tetraquarks
with spin-2 and positive parity at CMS

● Production of Heavy Flavours at CMS

[arXiv:2506.06152]
submitted to PRL

[CMS-BPH-24-011]

by Chiara Basile,
today 3 PM

by Xining Wang,
tomorrow 4:30 PM
QCD & hadron physics track

by Marco Buonsante, 
Wed 5 PM

https://arxiv.org/abs/2506.06152
https://cds.cern.ch/record/2932695


3CMS triggers for heavy-flavor physics

Many heavy-flavor analyses in CMS rely on dimuon triggers

Run2: set of triggers dedicated to specific dimuon mass regions or topologies
Run3: inclusive dimuon trigger with loose requirements on the momenta

[CMS-NOTE-2023-007][CMS-DP-2016-059]

https://cds.cern.ch/record/2868780
https://cds.cern.ch/record/2212114


Search for rare D0→μμ decay

[arXiv:2506.06152]
submitted to PRL

https://arxiv.org/abs/2506.06152


5Search for D0→μμ decay

C

u
Flavour changing neutral currents gained a 
lot of attention in the last decades

● bsℓℓ transitions under heavy scrutiny
ex. Bs→μμ and b→sμμ analyses

● cuℓℓ transitions less studied

D0→μμ decay heavily suppressed in the SM (loop diagram + helicity):
● BR prediction ~ 10-13

● High sensitivity to new-physics phenomena

Former most sensitive analysis by LHCb posed a limit at: BR(D0→μμ) < 3.5 10-9 (95% CL)

This analysis uses 2022+2023 CMS data, and first one using new low-pT dimuon trigger

[arXiv:2506.06152]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041804
https://arxiv.org/abs/2506.06152
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Analysis uses D0 from cascade decays: D*+→D0π+

● Exploits mass difference Δm = m(D*+) - m(D0) to strongly suppress combinatorial
● D*+ produced promptly or from B-hadron decays
● Final state: two opposite charged muons + track

D0→π+π- used as normalization channel:

Sources of background:
● Combinatorial: suppressed via BDT, exploiting topological and kinematic features
● Peaking backgrounds for signal (w/ misID pions):

● D*+→D0(ππ)π
● D*+→D0(πμν)π 

● Peaking background for normalization channel:
● D*+->D0(Kπ)π

Search for D0→μμ decay [arXiv:2506.06152]

https://arxiv.org/abs/2506.06152


7Search for D0→μμ decay - results

2D UML fits:
● to [m(ππ), Δm] in normalization sample
● to [m(μμ), Δm] in signal sample

No significant signal excess

Resulting limit:

BR(D0→μμ) < 2.4 10-9 at 95% CL

[arXiv:2506.06152]

https://arxiv.org/abs/2506.06152


Fullly exclusive reconstruction of
B*+, B*0, Bs*0 radiative decays

[CMS-BPH-24-011]

https://cds.cern.ch/record/2932695


9B*→Bɣ full reconstruction

PES

● CMS analysis on Run-2 heavy-flavor datasets, with mixture of triggers

● Exploits charmonium decays of B mesons
● B+→ψK+

● B0→ψK*(892)0 (→K+π-)
● Bs→ψϕ (→K+K-)
● J/ψ or ψ(2S) → μμ

● Photon conversion reconstruction in e+e-

● Refit of electron tracks and Bɣ vertex (including other tracks
from PV activity) to improve mass resolution

Dedicated photon energy correction:
● π0→ɣɣ with double conversion 

used in bins of pT and η
● Successful in correcting energy 

underestimation

[CMS-BPH-24-011]

https://cds.cern.ch/record/2932695


10B* full reconstruction

B*+

B*0

Bs*0

Simultaneous fit in 7 categories of
M(Xɣ) = m(Xɣ)-m(X)+MPDG(X)

Categories defined by flavor and η 
ranges with common mass 
parameters within each flavor

Models include: Signal,
Combinatorial bkg,
Peaking bkg: B+→ψπ+ and
B*0↔Bs*0 cross-feed

Three states reconstructed fully 
exclusively for the first time!!

[CMS-BPH-24-011]

https://cds.cern.ch/record/2932695


11B* mass results

One order of magnitude 
precision improvement 
wrt PDG 2024:

Hyperfine 
splitting in B 
system!

New masses to 
add to PDG

First measurements

In agreement with CMS-BPH-16-003

Some systematics 
cancel in differences 
and ratios and theory 
uncertainty also 
expected to be 
reduced

[CMS-BPH-24-011]

https://cds.cern.ch/record/2932695


12B* mass – comparison with theory

A few lattice theory papers 
provide predictions with 
uncertainties

One paper comments on the 
ratio of hyperfine splitting 

[CMS-BPH-24-011]

[10] Phys.Rev.D 86 (2012) 094510
[24] JHEP 01 (2025) 123
[25] Phys.Rev.D 92 (2015) 5, 054509

https://cds.cern.ch/record/2932695
https://doi.org/10.1103/PhysRevD.86.094510
https://doi.org/10.1007/JHEP01(2025)123
https://doi.org/10.1103/PhysRevD.92.054509


13Summary and conclusions

● Search for rare D0→μμ decay
– Excellent example of application for new CMS soft dimuon triggers
– New best limit on the branching ratio
– Still 4 order of magnitude above SM prediction

● First full reconstruction of B* mesons
– Uses converted photons to exclusively reconstruct the B*+, B*0, Bs*0 

states
– Most precise measurement of hyperfine splitting in B system
– Theory predictions need to be improved!

● As inclusive dimuon and signle-muon triggers keep collecting 
data, stay tuned for new exiting results to come!



Backup slides



15D0→μμ systematic uncertainties



16D0→μμ resulting yields



17B* history (from Sergey’s talk @LHCP)

https://indico.cern.ch/event/1419878/contributions/6442805/attachments/3063105/5417108/LHCP2025_Polikarpov.pdf


18B* history (from Sergey’s talk @LHCP)

https://indico.cern.ch/event/1419878/contributions/6442805/attachments/3063105/5417108/LHCP2025_Polikarpov.pdf


19B* systematics

Δm ratio 
uncertainties

Δm differences 
uncertainties [keV]

Δm uncertainties 
[keV]
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