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Beauty and Charm Related Analyses at CMS

2

2024 CMS results on production/properties of open heavy flavour hadrons and quarkonia in  collisions


✦ Observation of the  decay and studies of the  baryon in proton-proton collisions at  TeV

✦ Measurement of the polarisations of prompt and non-prompt  and  mesons produced in  collisions at  TeV

✦ Measurement of double-differential and total charm cross sections at  TeV

pp

Ξ−
b → ψ(2S)Ξ− Ξb(5945)0 s = 13

J/ψ ψ(2S) pp s = 13
s = 7

 Lepton flavour violation studies at CMS

๏ Chiara Ilaria Rovelli, 19th, Quark and Lepton Flavour Physics


 Rare and forbidden decays at CMS

๏ Stefanos Leontsinis, 19th, Quark and Lepton Flavour Physics


 CMS results on flavour spectroscopy

๏ Alexis Pompili, 20th, Quark and Lepton Flavour Physics


 CPV and lifetime measurements from CMS

๏ Enrico Lusiani, 20th, Quark and Lepton Flavour Physics

CMS-BPH-23-002

CMS-BPH-22-009

CMS-PAS-BPH-22-007

Further Talks

This Talk

References

https://indico.cern.ch/event/1291157/contributions/5878345/
https://indico.cern.ch/event/1291157/contributions/5878348/
https://indico.cern.ch/event/1291157/contributions/5878344/
https://indico.cern.ch/event/1291157/contributions/5878346/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-23-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-007/index.html
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CMS-BPH-23-002
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Published in Jul
arXiv:2402.17738,	Phys.Rev.D	110	(2024)	1,	012002

refer to further results for flavour spectra

๏ Stefanos Leontsinis, 19th

๏ Alexis Pompili, 20th

https://arxiv.org/abs/2402.17738
https://doi.org/10.1103/PhysRevD.110.012002
https://indico.cern.ch/event/1291157/contributions/5878348/
https://indico.cern.ch/event/1291157/contributions/5878344/
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Analysis Motivation
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✓   observed ~ 15 years ago, barely studied yet Ξb

No observation of              !Ξ−
b → ψ(2S)Ξ−

•   observed in 2012

‣ only a few measurements of mass and width

Ξb(5945)0

CMS can contribute to b-baryon physics using dimuon decay

PDG,	Phys.	Rev.	D	110,	030001	(2024)

PDG	LiveMass

Currently a few LHCb and CMS only

PDG	Live
Currently only one used

Width

CMS-BPH-12-001

https://academic.oup.com/ptep/article/2022/8/083C01/6651666
https://pdglive.lbl.gov/Particle.action?init=0&node=B161&home=BXXX045
https://pdglive.lbl.gov/Particle.action?init=0&node=B161&home=BXXX045
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-12-001/index.html
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Measurement of  Decay and Branching Fraction RatioΞ−
b → ψ(2S)Ξ−
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•  


‣ consistent with analogous measured ratios of , ,  and 


✓ No clear pattern for the branching fraction ratios

R =
B(Ξ−

b → ψ(2S)Ξ−)
B(Ξ−

b → J/ψΞ−)
= 0.84+0.21

−0.19(stat) ± 0.10(syst) ± 0.02(B)

B+ → ψK+ B0 → ψK0
s B0

s → ψϕ Λ0
b → ψΛ

First observation of  decayΞ−
b → ψ(2S)Ξ−

Ξ−
b → J/ψΞ−

✓  measured with  decay (  refers to  or )Ξ−
b → ψΞ− ψ → μ+μ− ψ J/ψ ψ(2S)
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Measurements and Studies of Ξb(5945)0
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✓  reconstructed through decays of , ,  and Ξb(5945)0 → Ξ−
b π+ Ξ−

b → J/ψΞ− Ξ−
b → ψ(2S)Ξ− Ξ−

b → J/ψΛK− Ξ−
b → J/ψΣ0K−

•  MeV


•  MeV
M(Ξb(5945)0) = 5952.4 ± 0.1(stat + syst) ± 0.6(mΞ−

b
)

Γ(Ξb(5945)0) = 0.87+0.22
−0.20(stat) ± 0.16(syst)

ΔM = M(Ξb(5945)0) − M(Ξ−
b ) − mPDF(π±)

✓ About a third of  produced from  decaysΞ−
b Ξb(5945)0
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Reconstruction with two-body decay of Ξ−
b

refer	to	BackUp	slide

for	three-body	decay

better precision than the previous CMS results

in agreement with results from LHCb
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CMS-BPH-22-009
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Public since Jun
arXiv:2406.14409

https://arxiv.org/abs/2406.14409
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Analysis Motivation
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✓ Quarkonia provide an ideal study for the understanding of hadron formation in QCD


• polarisation measurements provide straightforward information for hadronization models

- polarisation of quarkonium is observable that most directly reflects the mixture of S, L, J, c configurations


• quark production and quarkonium formation well separated processes within non-relativistic QCD (NRQCD) framework


- only a small number of leading and sub-leading terms is quantitatively important

- NRQCD foresees all possible S, L, J, c configuration of 


- two distinct physical polarisation terms  and 

QQ̄

1S[8]
0

3S[8]
1 + κ3P[8]

0|1|2

“Short-distance coefficients (SDCs)”

“long-distance matrix elements (LDMEs)”

Spin

2S+1L(c)
J

Orbital angular momentum

Colour (1 or 8)

Total angular 

momentum

S-wave quarkonia mainly produced through a superposition of ,  and 

Possible singlet contribution negligible


P-wave term alone is unphysical (  > 1)

1S[8]
0

3S[8]
1

3P[8]
0|1|2

λθ

unpolarised, pT independent

polarised, pT dependent

Eur.	Phys.	J.	C	79,	457	(2019)

: polar anisotropyλθ
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Prompt  and  MeasurementsJ/ψ ψ(2S)
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θλ

S

S   + κ           for κ = 1.5, 1.7, 1.8P 
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• significant  dependence of polarisation including CMS and LHCb data (7 TeV)

•  at high : no strong transverse polarisation

• significant constraints on phenomenological analyses of charmonium production, 

which mostly based on -differential cross section measurements

pT
λθ ∼ 0.3 pT

pT

λθ ∼ + 0.3

✓  measured as a function of  based on dimuon decay angular distributions in helicity (HX) frameλθ pT

“this analysis” “this analysis”

Eur.	Phys.	J.	C	79,	457	(2019)

“indistinguishable”

	arXiv:1307.6070
	arXiv:1403.1339 	arXiv:1209.2922

	arXiv:1307.6070
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Curves : 

Ref. [49]

Non-prompt  and  MeasurementsJ/ψ ψ(2S)
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✓  measured as a function of  based on dimuon decay angular distributions in helicity (HX) frameλθ pT

• both  and  results are consistent

•  at high 

• measurement consistent with hypothesis that charmonium produced by two-body B decays through colour-singlet processes

J/ψ ψ(2S)
λθ ∼ − 0.2 pT

X is a kaon or another J=0 meson 

with similar or smaller mass

all other systems of accompanying particles (X)

prediction for CDF conditions

“this analysis”

	arXiv:hep-ex/0004027

First measurement from LHC
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CMS-PAS-BPH-22-007
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Public since Jul

Measurement of double-differential and 
total charm cross sections at 7 TeV

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-007/index.html
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Analysis Motivation
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✓ Charm production measurements provide important test of QCD

• charm, beauty and top have mass scale larger than ;  small enough for perturbative theory

• any interactions involving quark encounter non-perturbative QCD; requires a strong interplay btw. experiment and theory

• charm mass scale close to ; transition region of pert. and non-pert. regimes


‣ challenging perturbative calculation: NLO+NLL (FONLL) known for differential cross section, while NNLO for total cross section

• total cross section measurements can be compared with NNLO


‣ fiducial cross section extrapolated

- so far based on fragmentation universality assumption

- recent LHC data: charm fragmentation non-universal!

ΛQCD αs

ΛQCD

28	July	2021,	CERN	COURIER

LHC data

(ALICE, ATLAS, LHCb)


extrapolation based on

“universality assumption”

NNLO

PDF unc.

0D +D +
sD +

cΛ 0
cΞ

+
cΞ ψJ/ *+D 0,+,++

cΣ
0

0.2

0.4

0.6

0.8

1) c
 h

→
(c

 
f

| < 0.5yALICE, pp |
 = 13 TeVs
 = 5.02 TeVs

 = 10.5 GeVs, −e+B factories, e
Zm = s, −e+LEP, e

HERA, ep, DIS
HERA, ep, photoproduction

 20×

arXiv:2308.04877

∼ 5σ

arXiv1603.08906

Further	in	another	talk,	Y.Yang

https://cerncourier.com/a/charm-breaks-fragmentation-universality/
https://indico.cern.ch/event/1291157/contributions/5899500/
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 ReconstructionD *+
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✓  has the best signal to background ratio for a broad phase space coverage

✓  (the most probable) measured


• lower momentum (slow) of  compared to  and ;  and  distinguished

• strongly suppressed combinatorial background with good resolution of 

D *+

D *+ → D0π+
s → K−π+π+

s
π+

s D *+ D0 K− π+

MD*+ − MD0

•  signal extracted with background subtraction

- wrong charge normalised to right charge in side band and subtracted in signal band 
- fit used to evaluate for systematics of signal band definition

“combinatorial bkg only”

“signal+combinatorial bkg”
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Double-differential Prompt  Cross Section MeasurementsD *+
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✓ CMS+LHCb: almost full phase space

• minimal theory/model dependence!

✓ Good agreement with ALICE/LHCb data, and Pythia/FONLL predictions

• FONLL based on fragmentation universality assumption, while 


non-universality effect smaller than theory unc.

✓  results are new in LHC

✓ 

0.5 < |y | < 2
ΔσCMS(pT > 1 [GeV], |y | < 2.5) = 1.28 ± 0.22 mb



Heavy Flavour Production Studies at CMS,Y. Yang, ICHEP, Prague, July 19th, 2024

Total Charm Cross Section Measurements
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 [mb]ccσ

CMS+LHCb      this work
+extrapolation (nonuniv.)

 ABMP16

JHEP 2104 (2021) 043 [1]

NNLO [1]
PDF unc.
scale unc.

 
 
LHCb+ALICE   [1]
+extrapolation (univ.)

 CT18

 JR14

 HERAPDF

 MMHT2014

 NNPDF31

CMS Preliminary  = 7 TeVs

✓ Measured fiducial cross section (including larger rapidity measurements from LHCb) extrapolated to full phase space

• data-driven FONLL (ddFONLL) parametrisation used for extrapolation


✓ Total charm cross section measured accounting for non-universal charm fragmentation 

• 


       


‣ with the smallest extrapolation factor ever for charm in LHC

‣ consistent with upper edge of uncertainty band of NNLO

‣ increased significantly compared to measurements based on 

universality assumption

σcc̄ = 9.39+0.74
−0.74(data)+0.77

−0.73(ddFONLL)+0.83
−1.07(f

pp) [mb]

= 9.39+1.35
−1.49(total) [mb]

“a theory-inspired extrapolation function which is constrained by various published LHC data          
without the need to assume any particular non-universal fragmentation model”

refer	to	a	talk	‘Charm	total	cross	section	measurements	at	the	LHC	and	beyond’	later	today

D* fragmentation fraction in pp collisions

refer	to	BackUp	slide

refer	to	BackUp	slide

https://indico.cern.ch/event/1291157/contributions/5899500/
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Summary
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CMS-BPH-23-002 
✓  decay observed for the first time


• branching fraction measured relative to , resulting in

✓  mass and width measured using  final state 


• about a third of  produced from  decays


CMS-BPH-22-009 
✓ The polar anisotropy measured as a function of  for prompt and non-prompt  and 


• the prompt results exclude strong transverse polarisations

• the non-prompt results show agreement with predictions of two-body B meson decay production


CMS-PAS-BPH-22-007 
✓ Double-differential prompt  cross sections measured at 7 TeV in  GeV & 


• results show agreement with ALICE and LHCb

✓ Total charm cross section measured accounting for non-universal charm fragmentation


• with the smallest extrapolation factor ever for charm in LHC, including LHCb measurements for 

• resulting in , which is consistent with NNLO QCD theory prediction

Ξ−
b → ψ(2S)Ξ−

Ξ−
b → J/ψΞ−

Ξb(5945)0 Ξ−
b π+

Ξ−
b Ξb(5945)0

pT J/ψ ψ(2S)

D *+ pT > 1 |y | ≲ 2.5

2.5 < |y | < 4.5
σcc̄ = 9.39+1.35

−1.49(total) [mb]

R =
B(Ξ−

b → ψ(2S)Ξ−)
B(Ξ−

b → J/ψΞ−)
= 0.84+0.21

−0.19(stat) ± 0.10(syst) ± 0.02(B)

Thanks for your attention!

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-23-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-007/index.html


BackUp
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Reconstruction of  with   Three-body DecayΞb(5945)0 Ξ−
b
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Total Cross SectionD *+
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Nucl.Phys.B 871 (2013)
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✓ 7 TeV prompt  data from CMS and LHCb extrapolated using ddFONLLD *+

‣  ddFONLL gives good descriptions for data overall in full kinematic range

✓ σD*+ = Δσdata

D*+(measured phase space) + ΔσddFONLL
D*+ (unmeasured phase space)

CMS-PAS-BPH-22-007
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Total Charm Cross Section

20

✓ σcc̄ =
σD*+

f pp
D*+

=
Δσdata

D*+(measured phase space) + ΔσddFONLL
D*+ (unmeasured phase space)

f pp
D*+

EF =
Δσdata

D*+ + ΔσddFONLL
D*+

Δσdata
D*+

2.22+0.25
−0.25 [mb] 0.94+0.10

−0.11( f̃ )+0.21
−0.17(PDF)+0.10

−0.14(μf, μr, mc, αK) [mb]
EF = 1.4, 


“the smallest ever 

for charm in LHC”

0.168+0.015
−0.019

CMS-PAS-BPH-22-007


