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Relic neutrino detection

§ G. Mangano, O. Pisanti: Neutrino physics with the PTOLEMY project







P.F. de Salas, S. Gariazzo, G. Mangano, S. Pastor, O. Pisanti, JCAP 1907 (2019) 047



An ambitious challenge?
Two issues need to be addressed:

1. Signal to background ratio depends on σNCBvνt1/2.

2. Energy resolution has to be comparable with mν.

PTOLEMY
Pontecorvo Tritium Observatory for Light Early-Universe 
Massive-Neutrino Yield For 1 g of 3H, one expects 103-105 decay event/s in the

measurement bin.

We need a filter.

In PTOLEMY the filter concept is based on the
reduction of electron transverse kinetic energy due to
the climbing of a standing voltage potential. Electric
and magnetic fields are designed in such a way that
the “wrong electrons” end up on an electrode and the
right ones pass.



Work in progress: superconducting magnets and vacuum chamber



Axions and ALP in 
astrophysical contexts

§ P. Carenza, T. Fischer, M. Giannotti, G. Guo, G. Martinez-Pinedo, A. Mirizzi:
Axion emissivity from a SN

§ D. Montanino, F. Vazza, A. Mirizzi, M. Viel: ALP conversions in γ in EG magnetic
fields



Why axions?
• A possible solution to the strong CP problem and a possible candidate of DM.

Rybka,      
TAUP 2019

scalar + 
heavy quark

scalar 

Cadamuro
&Redondo



Carenza, Fischer, Giannotti, Guo, Martinez-Pinedo, Mirizzi











Stochastic conversion of γ into ALP

EBL corrected spectrum too hard!

A sort of cosmic Light-Shining through Wall effect.
Montanino
talk, 2009

However, extragalactic magnetic fields oversimplified in previous works.



Cell model

...against...

Montanino Vazza
Mirizzi Viel, 

Phys.Rev.Lett. 119 
(2017) no.10, 

101101

Enhanced γ-ALP 
conversions



Enlarged
parameter

space for γ-ALP 
conversion



106

realizations

103 beams of 
cells



Issues in BBN neutrinos

§ G. Mangano, G. Miele, O. Pisanti: Constraints on Neff from a refined analysis of
primordial deuterium



BBN and neutrinos
• Neutrinos are relativistic at BBN times.

• They enter BBN as fuel for the expansion (all flavours) and counterparts in the processes n ⟷
p (only electron neutrinos) ⇒ BBN put constraints on Neff and μνe.

• They decouple just before BBN (∼MeV) ⇒ Tν = Tγ until e+e- annihilation.

• Oscillations are effective just before BBN, with effects depending on neutrino chemical
potentials ⇒ BBN put constraints on μνi.

Standard BBN
• Neutrinos are 3 and they count as 3.045.

• Neutrino degeneracy is negligible.

Then, BBN constraints on Ωb h2...

Not Standard BBN
• Neutrinos can be more than three (steriles?)

and they can count more than 3.045
(neutrino degeneracy?).

• Antonio&Ninetta and Gianpiero&Francesco
presentations...

Fields et al, 
1912.01132 
[astro-ph]



• Neff≃3
• MARCII: slight 

tension between 
“D+Planck” and 
“Only BBN”

O. Pisanti, P. Mazzella, G. 
Miele, G. Mangano, in 

preparation (see Gianpiero 
presentation)



• Neff≃3
• MARCII: slight 

tension between 
“D+Planck” and 
“Only BBN”

O. Pisanti, P. Mazzella, G. 
Miele, G. Mangano, in 

preparation (see Gianpiero 
presentation)

Updated results 
coming from an 
analysis based 

on LUNA 
measurements!



HE neutrinos and MM 
approach
§ A. Dekker, M. Chianese, S. Ando: DM in NT through APS

§ D. Fiorillo, G. Miele, O. Pisanti: Earth-skimming τ at CTA

§ A. Ambrosone, M. Chianese, D. Fiorillo, A. Marinelli, G. Miele: Global models of
extra-galactic sources

§ A. Palladino, C. Mascaretti, F. Vissani: Importance of astrophysical ντ

§ C. Mascaretti, F. Vissani: Prompt ν and IC



Probing DM in NT
• IceCube: TG(northern sky)/HESE(full sky) tension on the spectral index of astrophysical ν flux

→ extragalactic (γ ≃ 2.0) + galactic components (γ > 2.0).

• Excess in ν flux at around 100 TeV → DM (or other exotic scenarios)

Anisotropy only from galactic
DM component (atmospheric
anisotropic component negligi-
ble above 60 TeV for showers).

A. Deker, M. Chianese, S. 
Ando











IACT and ντ

Although optimized for γ primaries,
MAGIC is also sensitive to hadronic
showers. In particular, since 2007
(ICRC, Merida) the experiment
investigated the response to τ
coming from the sea.

CTA is the next-generation observa-
tory based on IACT technique which
will:
1. cover a wider energy range
2. have larger field of view
3. achieve an order of magnitude

improvement in sensitivity



Simulation of earth-skimming ντ

D. Fiorillo, G. Miele, O. 
Pisanti



Simulation of earth-skimming ντ



Modelli “globali” di sorgenti extragalattiche + DM

• Studio della popolazione di potenziali
sorgenti di neutrini astrofisici suddivisi
in “reservoirs” e “acceleratori” e
confronto con il flusso misurato da
IceCube ⇒ C’è spazio/necessità per una
componente di DM?

• Utilizzo dei dati di raggi gamma di Fermi-
LAT e dei dati di raggi cosmici ultra
energetici da Pierre Auger e Telescope
Array per la normalizzazione dei flussi di
neutrino aspettati. (Approccio multi-
messenger)

Murase and Waxman PRL 2016

Murase and Waxman PRL 2016

Ambrosone, Chianese, Fiorillo, 
Marinelli, Miele, in preparation

fluxes in the 
grand-unified 

model

neutrinos 
from blazars



Modelli di sorgenti extragalattiche + DM

• Stima del contributo adronico degli
“acceleratori” utilizzando una simula-
zione dedicata e un fattore di attività
ottenuto dai gamma.

• Approccio semi-analitico per il
contributo adronico aspettato dai
“reservoir”.

• Aggiunta del potenziale flusso di
neutrini da decadimento di materia
oscura attraverso le simulazioni già
utilizzate dal gruppo in precedenza.

Chianese et al. JCAP 2019

Marinelli et al. arXiv1909.13198
Marinelli, 
Sacahui, 
Sharma, 

Osorio-Archila

Ambrosone, Chianese, Fiorillo, 
Marinelli, Miele, in preparation



The importance of observing ντ

• Hadronic processes in sources give rise
to νe and νμ, while ντ emerge due to
oscillations during propagation.

• In NT ντ can be recognized from
different topologies (double bang,
double pulse → HESE).

• Calculation of the effective areas for
double cascades for a generic detector
→ parent function

• From this, the expected yearly rates of
distinguishable ντ events.

Palladino, Mascaretti, Vissani, JCAP 1808 (2018) 004





Relevance of prompt neutrinos for IC

• Atmospheric neutrinos: conventional
component from pions and kaons, prompt
component from charmed mesons decay.

• Distinguishable spectrum and angular
distribution.

• Calculation of the various component of
the νμ and νe flux.

Mascaretti & Vissani, JCAP 1908 (2019) 004

Prompt ν
signal 

difficult to 
extract



Diffuse Galactic HEN and  
Gamma-ray

Giulia Pagliaroli, Francesco Lorenzo Villante, Maddalena
Cataldo, Vittoria Vecchiotti

Studio della emissione diffusa prodotta dalla interazione di Raggi Cosmici con il gas 
presente sul piano galattico: emissione correlata di neutrini e gamma di alta energia per 
differenti ipotesi sulla distribuzione spaziale e sull’indice spettrale dei raggi cosmici in 
funzione delle coordinate galattiche. 

G.Pagliaroli, C.Evoli, F.L.Villante JCAP11(2016)004

Studio della emissione totale galattica data dalla somma dell’emissione diffusa sopra
discussa e il contributo da sorgenti sempre per differenti ipotesi sulla distribuzione
spaziale e sull’indice spettrale dei raggi cosmici in funzione delle coordinate galattiche.
Confronto di questa emissione totale con i dati osservativi dei profili longitudinali di 
emissione gamma al TeV di HESS, Argo, Milagro e HAWC.  

G.Pagliaroli, F.L.Villante JCAP08(2018)035
M.Cataldo, G.Pagliaroli, V.Vecchiotti, F.L.Villante  JCAP12(2019)050



Diffuse Fluxes
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Sources Emission

CRs propagates and interact with interstellar gas

Gamma rays are emitted nearby the sources 

The TeV Galactic Gamma profile
Error bars = sum in 
quadrature of 
statistical 
And systematic errors
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Diffuse Emission CRs propagates and interact with interstellar gas

The TeV Galactic Gamma profile

-60 -40 -20 0 20 40 60

0

2.×10-9

4.×10-9

6.×10-9

8.×10-9

l(deg)

�
�(
1T
eV

)c
m

-2
s-
1 s
r-
1 T
eV

-1

HESS

'�,tot = '�,di↵ + '(r)
�,S + '(unr)

�,S + '�,IC

104% 132%



Summary 
• On the overall sky the galactic contribution (diffuse flux + source flux) at 

100 TeV gives a subdominant contribution to the isotropic HESE flux 
measured by IceCube: 12-15 %

• In the window -60°<l<60°, |b|<7.5°, galactic flux (diffuse + sources) give 
a comparable contribution to the isotropic HESE flux. At 100 TeV: 140-
230 %
• An imprint of the CR distribution is present in the TeV gamma diffuse emission 

and the impact of a spectral hardening is large (can be probed) 
• Diffuse emission with hardening plus Resolved sources saturate the data 
• The unresolved source contribution is not negligible
• Potential tension of CR spectral hardening with observational data unless HE 

gamma-ray sources have a luminosity greater than the CRAB

January 28, 2020 G.Pagliaroli 41



tests of core-collapse supernova physics, detection strategy and 
multi-messengers opportunity

§ Mirizzi, R. Glas, H.T.Janka, F. Capozzi, M. Sen, B. Dasgupta, 
G.Sigl, E.Lisi: fast flavor instabilty in Supernovae

§ F. Vissani, A. Gallo Rosso, C. Volpe: Constrain on neutron 
star properties and neutrino spectra from next galactic 
CCSN

§ A. Mirizzi, Mastrototaro, P. Serpico, A. Esmaili: heavy sterile 
neutrinos in SNe

§ Pagliaroli, O. Halim, V. Fafone, C. Vigorito: Improved 
efficiency for CCSNe detection and MM-search

SUPERNOVA neutrinos











(Gallo Rosso, Volpe, FV) siamo pronti
per la prossima supernova galattica?

A. Gallo Rosso, F. Vissani and M.C. Volpe 
JCAP 1804 (2018) 040

siamo pronti
per la prossima supernova galattica?

una occasione unica che non va sprecata. 
Cosa impariamo su energia totale; spettri di 
emissione; distribuzioni di sapore; ecc?

A. Gallo Rosso, S. Abbary, F. Vissani, and 
M.C. Volpe JCAP 1812 (2018) 006

A. Gallo Rosso, F. Vissani and M.C. Volpe JCAP 
1711 (2017) 036













Combined search of Core-collapse 
SNe with MeV neutrinos and GWs 

-Study of new way to disentangle real
signal from the noise in order to
increase the statistical significance
of observed coincidences.

-Study of statistical way to combine
GW and neutrinos Data.

By Jonathan Corum Jan. 9, 2020

A Fading Giant

Around 700 years ago, the red star Betelgeuse began to fade. The

light from that unusual dimming is only now reaching Earth, some

700 light-years away.

Betelgeuse is normally one of the 10 brightest stars in the sky, but

is now fainter than ever recorded.

Waiting for
Betelgeuse to Explode

Betelgeuse in 2015,
before recent dimming.

Distance from
Earth to the sun

Magnitude 0

0.5

1.0







Joint GW-ν Search

• FAR=1/1000 years and at least 2 neutrinos in 
coincidence with a gravitational wave trigger.
• w=10 sec to accomodate most emission models

Time coincidence windowGW back. Rate Neutrino back. RateFalse Alarm Rate 

1/28/20 Giulia Pagliaroli 56

Leonor et al., Class. Quantum Grav. 27 (2010) 084019

FAR=RGW (⌘) ·R⌫(⇠) · 2w
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Casentini, Pagliaroli, Vigorito, Fafone,
JCAP 1808 (2018) n.08,010  



Results with the new FIM
Expanding Core-Collapse Supernova Search Horizon of Neutrino Detectors 
O. Halim C. Vigorito, C. Casentini G.Pagliaroli M. Drago V. Fafone, e-
Print:arXiv:1911.11450

http://inspirehep.net/record/1767133
http://inspirehep.net/search%3Fcc=Institutions&p=institution:%2522INFN,%2520Italy%2522&ln=it
http://inspirehep.net/search%3Fcc=Institutions&p=institution:%2522INFN,%2520Turin%2522&ln=it
http://inspirehep.net/author/profile/Pagliaroli,%2520Giulia%3Frecid=1767133&ln=it
http://inspirehep.net/search%3Fcc=Institutions&p=institution:%2522INFN,%2520Italy%2522&ln=it
http://arxiv.org/abs/arXiv:1911.11450
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Print:arXiv:1911.11450

http://inspirehep.net/record/1767133
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Solar neutrinos

§ N. Vinyoles, F. Villante, A. Serenelli, M.Maltoni, C. Pena-Garay, N.Song : A new 
generation of Standard Solar Models, inference of solar properties from solar 
neutrinos and helioseismology, CNO measurements

§ C. Mascaretti, F. Vissani, Piersanti: Luminosity constrain update, revised Be-e
capture

§ A. Palazzo: revised cross section v-Gallium

“Improvements of solar neutrino models and 
low-energy flux detection”



… leads to SSMs which do not correctly reproduce helioseismic observables

The solar composition problem
The downward revision of heavy 
elements photospheric abundances …

GS9
8

(≈ 2-3σ
discrepancies)

[I/H] � log (NI/NH) + 12

Units: 
pp: 1010 cm 2 s-1;  
Be: 109 cm 2 s-1;  
pep, N, O: 108 cm 2
s-1; 
B, F: 106 cm 2 s-1; 
hep: 103 cm 2 s-1
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Element GS98 AGSS09met �zi
C 8.52± 0.06 8.43± 0.05 0.23

N 7.92± 0.06 7.83± 0.05 0.23

O 8.83± 0.06 8.69± 0.05 0.38

Ne 8.08± 0.06 7.93± 0.10 0.41

Mg 7.58± 0.01 7.53± 0.01 0.12

Si 7.56± 0.01 7.51± 0.01 0.12

S 7.20± 0.06 7.15± 0.02 0.12

Fe 7.50± 0.01 7.45± 0.01 0.12

(Z/X)� 0.02292 0.01780 0.29

Flux B16-GS98 B16-AGSS09met Solar
YS 0.2426± 0.0059 0.2317± 0.0059 0.2485± 0.0035

Rcz/R� 0.7116± 0.0048 0.7223± 0.0053 0.713± 0.001

�pp 5.98(1± 0.006) 6.03(1± 0.005) 5.97(1+0.006)
(1�0.005)

�Be 4.93(1± 0.06) 4.50(1± 0.06) 4.80(1+0.050)
(1�0.046)

�B 5.46(1± 0.12) 4.50(1± 0.12) 5.16(1+0.025)
(1�0.017)

�N 2.78(1± 0.15) 2.04(1± 0.14)  13.7
�O 2.05(1± 0.17) 1.44(1± 0.16)  2.8

Vinyoles et al, ApJ 835 (2017) no.2, 202
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Solar neutrino data are sufficiently accurate to discriminate GS98-AGSS09met central 
values. Unfortunately, theoretical uncertainties dominate the error budget. These are 
due to: 

- Surface composition
- Environmental parameters: opacity (few %), diffusion coeff. (15%), etc
- Nuclear cross section: S17(4.7%), S33(5.2%), S34(5.4%) dominant error sources

At the moment, 7Be and 8B neutrinos do not determine composition with suff.
accuracy

The 7Be and 8B neutrino fluxes
N.Vinyoles et al. ApJ 2017  [arXiv:1611.09867v1]



The solar composition problem indicates that there is something wrong or 
unaccounted in solar models

§ Are the new abundances (i.e. the atmospheric model) wrong? 

§ Are properties of the solar matter (e.g. opacity) correctly described?

§ Is the chemical evolution not understood (extra mixing?) or peculiar 
(accretion?) with respect to other stars?

Note that:
The Sun provide the benchmark for stellar evolution. If there is 
something wrong in solar models, then this is wrong for all the stars ...

The solar composition problem

The interpretation is complicated by the opacity-composition
degeneracy, i.e.:
A change of composition produces the same effects on the helioseismic

observables and neutrino fluxes (except CNO) of a suitable change of the solar
opacity profile δκ(r)



The importance of CNO neutrinos

• Probe the dominant H-burning mechanism in massive and/or evolved stars

• Permit to break the opacity-composition degeneracy and provide a direct 
determination of the C+N abundance in the solar core:

Indeed, the (strong) dependence on solar environmental parameter (e.g. opacity) 
can be eliminated by using B-neutrinos as solar thermometer. E.g:

��O � 0.785 ��B = �Xcore

CN
± 0.4%(env) ± 2.6%(di↵) ± 10%(nuc)

High-Z .vs. Low-Z

��O =
�HZ
O � �LZ

O

�LZ
O

' 40%

Beyond solar composition problem (10%):
Using CNO neutrinos to probe for mixing processes in the Sun (and other 
stars)

Serenelli et al., PRD 2013

�XCN =
Xcore

CN �Xsurf
CN

XCN,ini
' 15%



F.Villante
1) Calcolo (e progressivo update) di SSMs (in collaborazione con A. Serenelli):

• http://inspirehep.net/record/1500944, "A new Generation of Standard Solar Models", Vinyoles et al, 2017

• http://inspirehep.net/record/841093, "Linear solar models", Villante 2010

2) Inferenza delle proprieta' del Sole dalle misure di neutrini solari e dalla eliosismologia ed analisi del problema della composizione
solare (in collaborazione con A. Serenelli):

• http://inspirehep.net/record/1628937: "Helioseismic and Neutrino Data Driven Reconstruction of Solar Properties", Song  et al, 
2017

• http://inspirehep.net/record/1449044: "Implications of solar wind measurements for solar models and composition", Serenelli et 
al., 2016

• http://inspirehep.net/record/1269566: "The chemical composition of the Sun from helioseismic and solar neutrino data", Villante
et al., 2014

• http://inspirehep.net/record/859023: "Constraints on the opacity profile of the sun from helioseismic observables and solar 
neutrino flux measurements", Villante 2010

3) Misure dei flussi di neutrini solari e prospettive di rivelazione dei neutini CNO (ed ecCNO)

• http://inspirehep.net/record/895198: "Comprehensive measurement of CNO;-chain solar neutrinos:", BOREXINO Collaboration, 
2018

• http://inspirehep.net/record/1321521: "ecCNO Solar Neutrinos: A Challenge for Gigantic Ultra-Pure Liquid Scintillator Detectors, 
Villante 2015

• http://inspirehep.net/record/895198: "A Step toward CNO solar neutrinos detection in liquid scintillators", Villante et al, 2011i

http://inspirehep.net/record/841093


c’e’ vita dopo le oscillazioni, e.g.

completare
l’esplorazione dei neutrini solari

(Mascaretti, Piersanti, FV) 

una nuova scienza

F. Vissani Nucl.Phys.Atom.Energy 18 (2017) no.1, 5-12

F. Vissani arXiv:1808.01495

Revised Be+e− rate that 
increases the B flux up to a 
maximum of 2.7% 

Luminosity constraint and entangled solar 
neutrino signals

F. Vissani



Geo-neutrinos
E. Lisi, M. Baldoncini, F. Mantovani, B. McDonough, V. Strati: Variances and 
covariances of geo-neutrino signals

















tentativi Bayesiani di stimare queste covarianze, come in arXiv:1901.01358, non ci 
convincono. Lo scopo e' quello di fare la migliore inferenza possibile del flusso del 
mantello per sottrazione (Mantle=Total-Crust) usando dati BX+KL 2019 e state-of-the-
art estimates of covariances.


