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Membri del nodo di Napoli

´ Gianpiero Mangano (I fascia UNINA)
´ Ofelia Pisanti (I fascia UNINA)
´ Fabio Iocco (II fascia UNINA)
´ Luigi Rosa (II fascia UNINA)
´ Louis Hamaide (Assegnista INFN (NA)) 1 ottobre 2024
´ Antonio Marinelli (RTDA UNINA)*
´ Ninetta Saviano (INFN Napoli)*
´ Mattia Cielo (dottorando UNINA)*
´ Andrea Boccia (dottorando SSM)*
´ Simone Sgarlatella (dottorando UNINA)*



Budget

Assegnazione

Corrente : 33400 Euro

Pluriennale: 2500 Euro

Disponibile

Corrente: 24484 Euro (73%)

Pluriennale: 1414 Euro (56%)



Attività di ricerca
´ Cosmology:

il vacuum per le perturbazioni

non gaussianità

inflazione con assioni e campi di gauge

modello di Starobinsky

Neff

BBN e low reheating

PBH e BBN

GW e leptogenesi

´ Fisica degli aloni

´ Archimedes e dark photons

´ Sorgenti astrofisiche

Altre attività
´ tutoraggio tesi di dottorato (7)

´ tesi magistrali (2)

´ Attività seminariali e talks su 
invito



Choice of vacuum and transplanckian
physics

k(ti)phys

M
≈ 200( M

1016GeV )( k
1Mpc−1 )eΔN−(ΔN)min

M = ρ1/4
inflation

Two issues for stage I: 
can we trust classical GR?
can we trust linear approximation?

M. Cielo, G. M. and O. Pisanti, PRD 108 (2023)
M. Cielo, M. Fasiello, G. M. and O. Pisanti, JCAP (2024)
M. Cielo, G. M., O. Pisanti and D. Wands, in preparation
M.Cielo, L. Cirillo, G.M. and O. Pisanti, in preparation



h′ ′ k + 2ℋh′ k + k2hk = 16πG Πk τ ≤ τ̄(k)
h′ ′ k + 2ℋh′ k + k2hk = 0 τ > τ̄(k)

Π̂r
k(τ) = Πk(τ) ̂ar

k + Π*k (τ) ̂ar†
−k

τ̄(k) = − Λ
kH

⟨Πk(τ)⟩ = 0

⟨Πk(τ)Π*k (τ′ )⟩ = %δ(τ − τ′ )F(k)

F(k) = ∫
∞

0
ξ(M)dM e− kphys

TH Black hole gas model



Tesi magistrale di L. Cirillo
Paper in progress



Non gaussianities



The Starobinsky model

ζk(τ) = Ci,k −kτH(1)
ν (−kτ) + Di,k −kτH(2)

ν (−kτ)

Tesi magistrale di T. Bozzaotra, in 
progress



What if we have a non trivial vacuum state?

M. Cielo. G. Mangano, O. Pisanti, D. Wands
On the arXiv soon
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Inflating with Axions and Gauge Fields

INTERESTING PHENOMENOLOGY 
• Chiral GWs production  
• Primordial Black Hole ( 2403.13581 E. Dimastrogiovanni, M. Fasiello, A. Papageorgiou) 
• …

Chromo Natural Inflation, an intriguing example

 Ongoing work 
• Effect of scalar back-reaction on observables 
• Numerical implementation in high performance codes (Python & Julia)

Mattia Cielo - PhD Student 



Neff a NLO 

Neutrino Decoupling at NLO PPinEU at CERN  10-09-24Miguel Escudero Abenza (CERN)

Goals & Outline
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Please, feel free to stop me at any time! !

Requirements & Outline:

1) Methods
Simplified approach to solve neutrino decoupling M.E.A. 1812.05605 

& 2001.04466
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Goal: Obtain Neff including processes of this type:

2) Rates at NLO
with close comparison between Cielo, M.E.A., Mangano & Pisanti [2306.05460], 
Jackson and Laine [2312.07015], and Drewes et al. [2402.18481] 

First calculation in: 
Cielo, M.E.A., Mangano & 
Pisanti [2306.05460]

Neutrino Decoupling at NLO PPinEU at CERN  10-09-24Miguel Escudero Abenza (CERN)

Neutrino Decoupling
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Mangano et al. hep-ph/0506164 
de Salas & Pastor 1606.06986
Bennett, Buldgen, Drewes & Wong 1911.04504
Escudero Abenza 2001.04466

NSM
e↵ = 3.044(1)

<latexit sha1_base64="4TJ0cudvNpfZ5GgeSgCnDF1wGnA="></latexit>

Akita & Yamaguchi 2005.07047   
Froustey, Pitrou & Volpe 2008.01074
Gariazzo, de Salas, Pastor et al. 2012.02726
Hansen, Shalgar & Tamborra 2012.03948 



Neutrino Decoupling at NLO PPinEU at CERN  10-09-24Miguel Escudero Abenza (CERN)

Neff at NLO: Rate + Method
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1) Calculation performed following the real 
time formalism in thermal field theory
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See Esposito, Mangano, Miele, Picard & Pisanti astro-ph/0301438 & 
astro-ph/0112384 for the thermal corrections
and Passera for the radiative corrections in vacuum [hep-ph/0011190]

NSM
eff = 3.0432(2) = 3.043

Cielo, Escudero, Mangano & Pisanti 2306.05460 
ΔNeff ≃ − 0.00073) Result at NLO:

2) Solve for the process of neutrino decoupling:

But, Jackson and Laine [2312.07015] have calculated a related quantity at NLO and they find 
smaller corrections (1-2%) and with different sing to the one we use.
Also Drewes et al. [2402.18481] have performed a partial calculation.

NSM
eff = 3.043(1) Under 

investigation!
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Add here the correction!
Solving the Liouville equation in 
the presence of an additional 
particle is simply unfeasible!

PRD 108, L121301 (2023)





New paper in preparation:
- L goes to constant at high Trh and 
prefers low oscillation angles
- relatively high L for Trh~ 5-6 MeV at 
high angle and low mass, when ν 
production is less efficient
- CMB analysis in progress

work in 

progress

work in 

progress

Trh=4.5 MeV mimicks standard 
case

low angle

high 
angle

low 
mass

high 
mass



Andrea Boccia, Fabio Iocco, Luca Visinelli arXiV:2405.18493;  submitted to PRD

Constraining the abundance of primordial 
black holes through Big Bang nucleosynthesis

8.0 9.0 10.010-19

10-18

10-17

10-16

10-15

10-14

PBHs evaporating before BBN modify the expansion rate of the Universe and inject entropy in the 
hot plasma, eventually altering the light nuclei abundances and leading to strongest constraints.



Ninetta Saviano, INFN

PBH Searches 
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EVAPORATING NOW

Adapted by M. Chianese  
from Carr+, PRD 81 (2010)

ALREADY EVAPORATED
✦ Formed at  after inflation with an abundanceTform

�0(MPBH) = �1/2 ⇢PBH(Tform)

⇢R(Tform)

<latexit sha1_base64="SAnMZ/V7x/JW8M6sYP+fzk/LtrY="></latexit>

PBH PAPERS

✦ Light PBHs  strongly modify the parameter 
space of leptogenesis

(MPBH ≲ 109 g)

✦ Hawking radiation: emission of particles with a mass 
m ≤ TPBH ≃ 10 (1015 g/MPBH) MeV

✦ The evaporation lifetime is ≃ 4 × 1017 (MPBH/1015g)3 s

Calabrese, Chianese, Gunn, Miele, Morisi, Saviano, 
PRD 109.103001 (2024), PRD 107.123537 (2023)



Ninetta Saviano, INFN

Imprints on the  GW spectrum 
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Example 2: Cosmic strings radiate detectable Gravitational Waves in models 
featuring high-scale symmetry breaking, e.g., high-scale leptogenesis. 

 We show that different flavored regimes of high-scale leptogenesis can be tested 
distinctly with the spectral features in cosmic string-radiated gravitational waves.

GOAL: probing high-energy models with specific spectral  features in the GWs today 

 

Example 1: Characteristic spectral features, induced by different flavour regimes of leptogenesis, are detectable in 
multiple frequency bands with current and future GW experiments in case of Blue GWs (BGWs) described by a power-
law with a positive spectral index (nT > 0) Chianese,  Datta, Samanta and  Saviano, arXiv:2405.00641 

Chianese,  Datta, Miele, Samanta and  Saviano, arXiv:2406.01231 



Fabio Iocco, Luca Visinelli arXiV:2403.13068    Published in Physics of the Dark Universe

Compatibility of JWST results with exotic halos

Results from JWST at z>10 seem in slight contrast with “standard” structure formation scenario. 
Can the friction be explained by exotic objects, such as “Dark Matter powered stars”?



This year, as part of the Archimedes experiment, the possibility of using the balance to detect 


(light)   dark photons coupled with a B-L ( ) current was investigated:


                                   


In order to make the apparatus sensitive to the B-L difference, the balance was equipped with a 


weight and counterweight made of different material in order to maximise the effect. The 


maximum sensitivity occurs in a mass range between .

 

An initial (very short) test run was carried out. The results  (Eur.Phys.J.Plus 139 (2024) 2,158) 


are very promising to the point of planning new measures for next year.


The figure shows the results obtained and the forecast for the next runs 

Jμ
B−L

ℒ = − 1
4 FμνFμν + 1

2 m2
A AμAμ − ϵB−LeJμ

B−L Aμ

10−16 and 10−15eV

  158 Page 6 of 8 Eur. Phys. J. Plus         (2024) 139:158 

Fig. 7 Limits on coupling εB−L
of the present experiment (blue
curve) and expected limits with 2
weeks (red dashed) or one year
(green dashed) integration time.
The horizontal lines are the
present limits from Eot-Wash
(red) and MICROSCOPE (black)
with free fall experiments and at
low frequency limits from torsion
balance direct search

where FµνFµν is the field strength,mA is the mass of the vector field, JD is the B-L current, and εD is the coupling constant normalized
to the electromagnetic coupling constant e. The dark photon field is considered nonrelativistic so that At can be neglected with
respect to A when evaluating the force on a charge qD . Following in the particular the analysis of [18, 19], the vector dark matter
field at location x is given by

A(t , x) " A0eA cos(mAt − kx + φ(t)) (4)

where e is polarization vector. The phase factor φ(t) and the amplitude A0 can be regarded as constant within the coherent time
scale τ " 2π/(mAv

2
0) (τ " O(106) s for mA " 10−15 eV), and the force can be written as:

F(t , x) " εeqD
∂A
∂t

" A0εeqDmAe cos(mAt − kx + φ(t)) (5)

Here qD is the B-L total charge, which is equal to the number of neutron of the mass M. The amplitude of the field A0 is related to
the dark photon energy density ρDM by: A0 "

√
2ρDM
mA

By substituting and performing the mean over the direction of polarization,
the standard deviation of the force along the X axis is [18]:

√
< Fx

2 > " 1√
3

εeqD√
ε0

√
ρDM (6)

The evaluation of torque on the balance can be performed considering that for equal aluminum and lead mass MAl " MPb " M ,
difference ∆qD of neutron numbers is given by

∆qD " M
mb

[(1 − ZPb/APb) − (1 − ZAl/AAl)] " 0.0863
M
mb

(7)

Thus, calling q " M
mb the total number of barion on each mass, the torque τq acting on the balance is

√
< τq2 > " 8.6 · 10−2 1√

3

εeq√
ε0

√
ρDM Lb " 6.7 ∗ 108ε (8)

where Lb " 0.24 m is the force arm. The factor 8.6 · 10−2 is the fraction of force produced by the photon field which is converted
in useful signal in the detector.

The limit value of εB−L is shown in Fig. 7. To obtain the coupling constant from the torque signal, first we perform a pwelch on
the whole data set (with time length T), and we obtain the spectrum of the torque mean square deviation < τ 2 >, we then divide
the ASD by the square root of T (

√
τ 2 " ASD/

√
T to obtain the value of amplitude of the deviation in each frequency bin, and

we multiply by 2 to obtain the 95% confidence value [29]; finally, we invert Eq. 8 to obtain the corresponding value of the coupling
constant: (the simple division by

√
T is allowed by the coherence time of the dark photon wave that is longer than the measurement

time [29]).
Finally, in Fig. 8 the spectrogram of the correction signal over an entire night is reported. It can be appreciated again that no lines

are visible and no glitches or other particular events.
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• Studio della emissione adronica da regioni della Via Lattea ricche
di nubi molecolari (Central Molecular Zone, Cigno…).

• Nuova stima della emissione diffusa di neutrini della nostra galassia
e aggiornamento del modello “KRA-gamma”.

• Analisi di tipo “template fitting” fra le nuove mappe di emissione
Galattica di LHAASO e i dati dell’esperimento ANTARES.

• Nuovo studio della emissione di neutrini fino a redshift z=4 da 
galassie di tipo “starburst” utilizzando i nuovi dati di Fermi-LAT.

• Studio della emissione adronica nel jet di 1 kpc della galassia
“Seyfert” NGC1068.

Sorgenti astrofisiche (Marinelli)


