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• Energy Frontier: Direct searches

Exploring Weakly Coupled New Physics
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• Intensity Frontier: High-luminosity, rare process detection

• Key Research Themes:

o Hidden Sector Particles: axions, axion-like, dark photons, heavy neutral leptons

o Dark Matter Candidates: WIMPs, dark sector particles

2023 Science Drivers2008 Frontiers of Particle Physics

Report of the P5 Panel



Searches of a leptophobic B boson
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• What if a new force couples predominantly to quarks over leptons?
o Simplest model: A new gauge boson B that couples to the baryon number

o It preserves the low-energy symmetries of QCD: C, P, SU(3)F

o B is a singlet under isospin

o B is ω meson like!



Motivation
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• Tensions between measurements of the γγ spectrum for the η → π0γγ decay.

• Higher statistics for the ηπ0 invariant mass distribution for the ϕ → π0ηγ decays from 
KLOE.

• Better agreement between different datasets from SND00, KLOE02 and KLOE09.

R. Escribano et al. Phys.Rev.D 106 (2022) 11, 114007



• Assuming the Narrow Width Approximation 
(NWA):

• QCD contribution off

Previous estimates
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• In the LσM framework, the ϕ → π0ηγ decay proceed through the 
exchange of intermediate scalar mesons

Scalar meson exchange contributions
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• In the VMD framework, the ϕ → π0ηγ decay proceed through the 
exchange of intermediate vector mesons

Vector meson exchange contributions
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• In LσM, the theoretical prediction is BR=8.78(1.76) x10-5

o Scalar contribution dominates:
▪ a0: 95%

o VMD contribution:
▪ ρ, ω, and ϕ: 1%

o Interference:
▪ S-V: 4%

• Compatible with the present available data:

o BR=7.27(30) x10-5 PDG 2024

• Comparison with experimental data:

o Good agreement with SND'00 and KLOE'02 data.

ϕ → π0ηγ predictions
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• In LσM, the theoretical prediction is BR=8.78(1.76) x10-5

o Scalar contribution dominates:
▪ a0: 95%

o VMD contribution:
▪ ρ, ω, and ϕ: 1%

o Interference:
▪ S-V: 4%

• Compatible with the present available data:

o BR=7.27(30) x10-5 PDG 2024

• Comparison with experimental data:

o Good agreement with SND'00 and KLOE'02 data.

o Fails to the describe the KLOE'09 data. 

ϕ → π0ηγ predictions
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• Advantages of our model:

o Incorporation of scalar resonances in an explicit way.

o Includes the constraints required by chiral symmetry.

• We relax the theoretical framework:
o Three parameters:

• We perform a fit to the experimental data:

ϕ → π0ηγ predictions
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This approach improves the agreement between 

theory and experiment.

Vector-Scalar interference



SM contribution to the branching ratio
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Good agreement between 

theory and experiment.



• Using the hidden local symmetry (HLS) for VMD

• P is the pseudoscalar meson nonet

• V is the vector meson nonet (gauge boson of a hidden U(3)V symmetry)

• In conventional VMD:

Calculation of hadronic processes
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• Three diagrams corresponding to the exchange of a B boson:

• B boson width:

ϕ → π0ηγ decays: B boson calculation
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• Not assuming the NWA

• QCD contribution on

•

• Limits on the B boson parameters improved by an order of magnitude 
compared to previous analysis.

• But weaker than those from η→π0γγ decays.

New limits on αB and mB
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• Not assuming the NWA

• QCD contribution on 

•

• Limits on the B boson parameters improved by an order of magnitude,

• But weaker than those from η→π0γγ decays.

New limits on αB and mB
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B boson contributions to the branching ratio
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Results from Fit 1

B-boson signature strongly suppressed.



• Much more statistics from KLOE

• Signatures outside may be visible

Fits to ϕ → π0ηγ decays
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• Scalar contribution dominates, vector contributions subdominate.

• LσM fails to accurately describe the data from KLOE.

• Allowing the parameters to vary freely, the SM description is improved.

• Sensitivity to B boson has been analyzed.

• Limits on αB and mB have been strengthened by an order of magnitude. 

• The ϕ → π0ηγ decays provide weaker constraints on the B-boson parameters 
compared to η → π0γγ below the mass of the η meson.

Summary
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