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HECOs
Q-balls strange-quark 

matter

Predicted by various theories Beyond the Standard Model

Black-hole 
remnants 

Emanuela Musumeci |

❖ Q=  


❖ High Ionisation

❖ Mass and Spin free parameters

ne, n ∈ ℤ

Dyons
charged 

scalars in neutrino-
mass models

aggregates of 
ud-quarks
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Production mechanisms at colliders

Drell-Yan
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Photon-FusionPhoton-Fusion
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Production mechanisms at colliders

Drell-Yan
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Recent searches at the LHC

ATLAS MoEDAL
PRL 124, (2020) 3, 031802

JHEP 11 (2023) 112 
EPJ C82,694 (2022) 

 2311.06509
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Photon-FusionPhoton-Fusion

See A.Upreti’s talk

https://inspirehep.net/literature/1736730
https://link.springer.com/journal/10052
https://arxiv.org/abs/2311.06509
https://indico.cern.ch/event/1291157/contributions/5887845/
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Production mechanisms at colliders
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Recent searches at the LHC

ATLAS MoEDAL
PRL 124, (2020) 3, 031802

JHEP 11 (2023) 112 
EPJ C82,694 (2022) 

 2311.06509

Large coupling g Perturbation theory breaks down Resummation needed!

 

At tree level
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Photon-FusionPhoton-Fusion

or, in general, some non-perturbative 
(e.g. Lattice) treatment

See A.Upreti’s talk

https://inspirehep.net/literature/1736730
https://link.springer.com/journal/10052
https://arxiv.org/abs/2311.06509
https://indico.cern.ch/event/1291157/contributions/5887845/
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HECO charge

g= ne

HECO fermion

Electromagnetic Interactions – QED-like Lagrangian 

Photon dressed propagator

Fermion dressed propagator

HECO-  dressed vertexγ

n ≥ 11

Z, ω, M  quantum corrections

Photon

Bare mass

J. Alexandre, N. E. Mavromatos
Phys.Rev.D 100 (2019) 9Emanuela Musumeci |

* This is due to the fact that the basic effect of the resummation is equivalent to a gauge-fixed free 
QED Lagrangian in which the standard Ward identity is not valid, leading to the above result, 
assuming naturally that the coupling renormalisation function is of the same order as the resummation.
(see preprint version of Alexandre et al., e-Print:2310.17452 [hep-ph] ( Phys.Rev.D 109 (2024) 3, 3)

*

https://inspirehep.net/authors/1018676
https://inspirehep.net/authors/998211
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.096005
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HECO charge

g= ne

HECO fermion

Photon dressed propagator

Fermion dressed propagator

HECO-  dressed vertexγ

n ≥ 11

Z, ω, M  quantum corrections

Photon

 The aim is to solve Dyson-Schwinger equations for HECO and   self-energies without assuming γ g2 ≪ 1

UV Fixed-point solution

such that

Bare mass

Electromagnetic Interactions – QED-like Lagrangian 

J. Alexandre, N. E. Mavromatos
Phys.Rev.D 100 (2019) 9

https://inspirehep.net/authors/1018676
https://inspirehep.net/authors/998211
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.096005
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= k exp (−
2π

α(k)
(Z(k) − 1))

Effective HECO Mass: 

Running coupling:  ω(k) > 0g= n e,with

@ UV fixed point ( )Z⋆, ω⋆, M⋆

Shifted covariant gauge parameter λeff =
1

1 + ω

Λ ≫ m

rescaling

Lagrangian based on the running effective parameters

lim
k→Λ

M(k) ≡ M(Λ) = Λ exp (−
2π
α⋆

(Z⋆ − 1)),

= k exp (−
2π

α(k)
(Z(k) − 1))
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Two UFO models created:

i) -HECO only interaction

ii) Including  boson

γ
Z0

Tested on Madgraph!

Two new input parameters: 

i) Multiplicity of the electric charge n (Q= n e) 

ii) Cut-off Λ

Available on the FeynRules model database >Simple extensions of the SM

SPIN 1/2

https://feynrules.irmp.ucl.ac.be/wiki/ModelDatabaseMainPage
https://feynrules.irmp.ucl.ac.be/wiki/SimpleExtensions


UNIVERSAL FEYNRULES OUTPUT
11

Emanuela Musumeci |

SPIN 1/2

Two new input parameters: 

i) Multiplicity of the electric charge n (Q= n e) 

ii) Cut-off Λ
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PHOTON FUSION

Calculation of the analytical cross section (Wolfram Mathematica)


Comparison results from Madgraph with those obtained from Mathematica

NO PDF

NO PDF

DRELL-YAN

SPIN 1/2
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IMPACT ON PRODUCTION CROSS SECTIONS
DRELL-YAN

PHOTON FUSION
LUXqed17

NNPDF23
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After resummation… 

• the production via Dell-Yan  cross section increases by a factor of  

• the production via Photon-Fusion cross section increases by a factor of   

∼ 1.66

∼ 2.76

SPIN-1/2
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Exclusion limits with

 exchangeZ/γDY 
MoEDAL 8 TeV

 exchangeZ/γDY 
ATLAS 13 TeV

 fusionγγ
ATLAS 13 TeV

NOTE: The latest MoEDAL results 

@ 13 TeV are not included here!

The increase in the mass limits spans 
a wide range of values up to 30%!!

Experimental lower limits at 95% CL on spin-1/2 HECO mass (TeV)

https://arxiv.org/pdf/2311.06509
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Production mechanisms at colliders

Photon-Fusion
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Drell-Yan

SPIN-0

Feynman Rules @ UV fixed-point

❖  Scalar-  vertex: 


❖ Self-interaction vertex:

γ  ,    −ig̃Z⋆ ≃ − ig 1 +
8g2

h ( g2

h
≲ 0.0825)

−i
H⋆

Z⋆4
≃ − i

h
4 (1 +

8g2

h )−2

❖  Gauge Boson propagator: 


❖  Charged scalar propagator:

i
p2 − iϵ ( − ημν +

4g2

3h ),  ϵ → 0+

i
p2 − M̃2 + iϵ

,  ϵ → 0+

❖  Running mass: 

γ
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 Implementation of the UFO model


Calculation of the analytical cross section (Wolfram Mathematica) 


 Comparison Madgraph vs Mathematica 

 Studying resummation effects on cross-sections
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PreliminaryPreliminary

After resummation… 
• the production via Dell-Yan  cross section improves by a factor of  

• the production via Photon-Fusion cross section improves by a factor of   

∼ 2.1

∼ 4.75
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CONCLUSIONS

❖ Dyson–Schwinger resummation performed 

❖ UFO models available for experimental HECOs searches 

❖ Reliable results compared to those obtained at tree-level 

❖ Ongoing  project: 

➡ resummation for spin-0 HECOs (Alexandre, Mavromatos, Mitsou, Musumeci) 

❖ Future  project: 

➡ resum. for Magnetic Monopoles (based on Alexandre & Mavromatos 
Phys.Rev.D 100(2019),9) 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.096005
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Thank you 
for your  

attention!:) 
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Dyson-Schwinger Resummation

Boundary conditions:

⟹

Usual one-loop results for g2 << 1 

k is an energy scale

The aim is to solve the full set of equations without assuming g2 ≪ 1

g and m are independent of  k

Usual one-loop results for g2 << 1 

Feynman gauge  λ=1

UV Fixed-point



  boson inclusionZ0
22

Emanuela Musumeci |

SPIN-1/2

ℒint = −
e

sin(2 θW)
H̄γμZ0

μ(cL
1
2

(1 − γ5) + cR
1
2

(1 + γ5))H = −
e

sin(2 θW)
H̄ γμZ0

μ [ 1
2

(cL + cR) −
1
2

(cL − cR) γ5 ] H

cL = t3 − |n | sin2 θW cR = − |n | sin2 θW

with

ℒint =
1
2

e |n | tan θW H̄γμZ0
μ H

SU(2) singlet

ΔZ0

μν = −
i

p2 − M2
Z + iϵ (ημν +

ωZ0

1 + ωZ0

pμpν

M2
Z

) , ϵ → 0+

ΔZ0

μν = −
i

p2 − M2
Z + iϵ (ημν −

pμpν

M2
Z

) −
pμpν

M2
Z

i
p2 − ξZm2

Z + iϵ
, ϵ → 0+

In the Feynman gauge, in the high energy limit,  the  boson behaves as a second photonZ0

In the unitary gauge, for , leads to the standard massive (Proca)  boson bare propagatorMZ ≠ 0 Z0


