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Neutrino science is approaching its centenary and thus seems to be moving 
towards a stage of maturity 

Yet, even thinking only of the previous main conference (Nu2024) we heard   
• of very high energy events by cosmic neutrinos,  
• of possible hints of supernovae throughout the history of the universe,  
• of strong new limits on neutrino mass, from the laboratory and cosmology,  
• of significant progress in the search for Majorana's mass... 

In short, this interdisciplinary science continues to produce results and 
promise, i.e. innovation. As an introductory contribution to the session 
‘Crossing the portal’ my proposal is to discuss these important aspects 

Is all fine as it is, or do we risk of missing out on something important?



on the margins of ambiguity

concepts that we contrast with interdisciplinary 

insubstantial  inadequate restricted incomplete exclusive narrow standard specific defined precise fundamental     

From short-sighted to essential 

concepts that we contrast with innovation 

stagnation repetition conventionalism orthodoxy preservation maintenance conformity tradition 

From obstructive to reliable
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interdisciplinarity and innovation in neutrino physics
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innovation 
neutrinos and the foundations of nuclear and particle physics

• Pauli 1930: non-relativistic model of the nucleus with a ghost-like particle of matter: the 
first concept of the neutrino 

• Perrin 1933: neutrino can be better thought of as a wave just as the photon (in line with 
Ambarzumian & Iwanenko 1930, who talk of the electron) 

• Fermi 1933: relativistic model of  decay with second quantisation method based on 
the Dirac sea, where  necessarily 

• Majorana 1937: devises modern QFT for fermions, points out the possibility ,  
resembling the photon

β
ν ≠ ν̄

ν = ν̄

PS the description / understanding of  rays emission became particularly urgent in 1932, after neutron discovery and novel model of the nucleusβ



Bethe '30: neutrinos - if they exist - are unobservable (1934, with Peierls);  neutrinos 
non-essential energy-loss; CNO dominant in stars (1939) as H=35%, N=10% 

Gamow '40 ( ): neutrinos are important for stars (1940) and cosmos (1948) 

Pontecorvo '46: idea to measure solar neutrinos although the neutrinos known 
at the time all have small xsec 

Fowler et al '58: the PP chain branches giving rise also to 7Be and 8B neutrinos, 
with higher energy, and thus better detectable

+αβHS

interdisciplinarity 
 astrophysics and cosmology

PS When it was realised that PP chain is dominant? The key remark is Payne 1925. Bahcall says that this was the general belief in '50. Given for granted in B2FH 



electroweak 
model, '60

Fermi 
1933

V-A 
1958

neutrino interactions (short version)
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Homestake & SSM
In mid '60, Ray Davis Jr & Bahcall lead the 
first serious effort to observe solar neutrinos 

This is a theoretical,  experimental, 
astrophysical nuclear physics enterprise 

20 years reservations on the solar neutrino 
deficit, especially from particle physicists 

The standard solar model will provide 
(and still provides) guidance and inspiration  

This is true, e.g., for SNO, as documented by 
Herbie Chen' proposal (1985)

Ray Davis Jr and John Bahcall



KamiokaNDE
Koshiba initially a CR physicist ('50) then at accelerators ('70). 
He met Yukawa, Nambu, Feynman, Fermi, Occhialini, Sugawara, 
Sato, Arafune… 

KamiokaNDE, motivated by GUT theory (NDE=Nucleon Decay 
Experiment) begun in '80 thanks to the photomutipliers he 
projected [photo from Nobel lecture] 

Results: SN1987A & hints of neutrino mass with atmospheric 
neutrinos 

The latter is considered seriously. In '96 the experiment grows 
into Super-KamiokaNDE (NDE=Neutrino Detector Experiment) Masatoshi Koshiba



one remark on SN1987A

Supernovae are a very interesting undertakings for theorists and experimenters 
interested in neutrinos. C. Volpe will discuss this, I will not dwell on it.  

However I would like to emphasise a result on SN1987A, which illustrates 
once more and most clearly the importance of interdisciplinarity.  

There has been much debate as to whether this supernova is ‘standard’. 
Probably the hottest questions, until recently, concerned the absence of 
an identifiable neutron star. 

But guided by the astrophysical simulations of 2015 of Miceli, Orlando et 
al., the first hints of such a star have been found eventually. No need to 
say that this result is very important for many disciplines

Salvatore  
Orlando

Marco Miceli



The measurement of 4 /5 individual components of the PP chain and the test of the CNO cycle are 
extraordinary results, enabled by the care taken in preparing the detector.  Much goes to due to G.Bellini 
and the staff of Borexino, including A. Ianni, N. Rossi, O. Smirnov, .... however 

equally exciting geo-neutrino results were reached with the help of F. Mantovani, M. Lissia, G. Fiorentini ('03)  

a useful contribution for CNO was given by L'Aquila theoretical group, F. Villante et al. ('11) 

the PhD theses by S. Marcocci, I. Drachnev, X. Ding and D. Guffanti ('16-'19) deserve being commended

Borexino



LUNA & PArthENoPE 

an improved description of deuterium 
dynamics in early universe conditions was 
obtained by LUNA 

this allowed the BBN simulations of 
PArthENoPE, based on Gamow's ideas, to 
claim a good agreement with baryon mass 

fraction    

moreover this has implications on  the 

number of neutrinos   see figure
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IceCube, Km3NET, GVD…
Observatories for high-energy neutrinos and gamma 
rays, produced as secondary radiation by CR, were 
conceived in the late 1950s 

Icecube results finally revealed a signal attributable 
to cosmic neutrinos of this type, even w/o arriving at 
a clear understanding of what the sources are 

New tests are needed, they'll carried out in Km3NET 
and elsewhere with much more precise pointing and 
ability to investigate the Milky Way accurately  

Also explore extreme environments, high pressures,  
allow new science marine, glaciology, geophysics… 



cases from particle physics
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neutrinos in gauge theory - seesaw and all that

Interest in extended gauge theories 
originally focused on proton decay  

Peter Minkowki, one of the proponents of 
SO(10), first spoke of neutrino mass in the 
context of left-right gauge theory (1977) 

as discussed yesterday by ZZ-Xing, this 
gives meaning to the small neutrino mass 
and it is still a open line of research

Aber in Bern 
heisst die Seesaw 

„Gigampfi“!



an anniversary: 
30 years of  global 

analyses 

…. 

Nobel 1995 to Cowan for neutrino observation 

Nobel 2002 to Davis and Koshiba for neutrino 
astronomy 

Nobel 2015 to Kajita & McDonald for neutrino 
oscillations
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Abstract: We present an updated global fit of neutrino oscillation data in the simplest
three-neutrino framework. In the present study we include up-to-date analyses from a
number of experiments. Concerning the atmospheric and solar sectors, besides the data
considered previously, we give updated analyses of IceCube DeepCore and Sudbury Neu-
trino Observatory data, respectively. We have also included the latest electron antineutrino
data collected by the Daya Bay and RENO reactor experiments, and the long-baseline T2K
and NOνA measurements, as reported in the Neutrino 2020 conference. All in all, these
new analyses result in more accurate measurements of θ13, θ12, ∆m2

21 and |∆m2
31|. The

best fit value for the atmospheric angle θ23 lies in the second octant, but first octant solu-
tions remain allowed at ∼ 2.4σ. Regarding CP violation measurements, the preferred value
of δ we obtain is 1.08π (1.58π) for normal (inverted) neutrino mass ordering. The global
analysis still prefers normal neutrino mass ordering with 2.5σ statistical significance. This
preference is milder than the one found in previous global analyses. These new results
should be regarded as robust due to the agreement found between our Bayesian and fre-
quentist approaches. Taking into account only oscillation data, there is a weak/moderate

Open Access, c⃝ The Authors.
Article funded by SCOAP3. https://doi.org/10.1007/JHEP02(2021)071

Valencia BariNuFit
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3 flavor analyses have always displayed consistency 

are still crucial after so many years 

will continue to be so after JUNO, HyperK, DUNE



absolute neutrino mass

the strong limits of cosmology have been 
consistent for 10 years and I would not forget 
Seljak 2004 

the recent DESI results simply show, in my 
opinion, that the method has great potential 

even in lab physics there have been doubtful 
results: 30 eV (Lubimov ‘80) 17 keV (Simpson ’85) 
etc. 

I believe that KATRIN's perseverance, which 
after 20 years is achieving its goal, is highly 
commendable

in cosmology and in lab

a joke of mine on LinkedIn, May 2015 



nature of the neutrino
and Majorana theory

it is curious that the best chance to probe the lepton number of the 
Standard Model is a nuclear physics process discussed almost a 
century ago 

a plausible contribution to this process is due to Majorana's 
neutrino masses which are bound but not determined by oscillation 
and other available data (see Greuling Whitten 1960 and many works since 1998 for the connection with oscillations) 

This is the most important reason for the uncertainty, and if theory 
or cosmology or whatever could help reduce it, that would be great  

(The plausibility lies in the very structure of the standard model)

Enrico Fermi

Maria, Ettore &  
Rosina Majorana 

PS I do not know of any paper where Dirac talks of neutrinos, while I know that Fermi's neutrino differs from its own antiparticle
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Bruno Touschek 
On the theory of double beta decay Zeitschrift fuer Physik A 125, 108 (1948) 

Shoichi  Sakata  
Superstition around Majorana Neutrino Soryushiron Kenkyu,  7, 925 (1955) 

Gerald Feinberg and Maurice Goldhaber 
Microscopic tests of symmetry principles Proc. of Natl Ac. of Sciences 45, 1301 (1959) 

Bruno Pontecorvo  
Superweak interactions and double beta decay Physics Letters B 26, 630–632 (1968)

neutrinoless double beta decay  
does not imply Majorana neutrinos



neutrinoless double beta decay  
implies Majorana neutrinos?

Joseph Schechter and Jose' W. F. Valle 
Neutrinoless double-  decay in  theories 
Physical Review D, 22, 2227 (1981) 

β SU(2) × U(1)

1. the term ‘theorem’ does not appear in the paper 
2. none of the previous work is cited 
3. it all boils down to the definition of "natural" theory



a preprint (2011) 
and related papers



a preprint (2011) 
and related papers



an influential document (2012)
on sterile neutrinos

from the abstract of the paper:       
"The overriding goal is to provide the motivation for 
a new round of measurements so that the questions 

laid out here can be definitively answered"



two tips from the past and 
points for discussion
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one should neither underestimate the importance of 
high-energy neutrino physics, nor overestimate it. This is not 

pessimism, but an appeal to avoid routine

everyone agrees to do interdisciplinary 
science but no one wants the money to come 

from their budget

Bruno Pontecorvo  
on innovation

John Bahcall 
on interdisciplinarity



N eutrino physics has always been interdisciplinary - and still is today. It should be added 
that the data do not speak for themselves; concepts such as ‘multi-messenger’ help, but on 

their own are not enough to continue doing well 

O ccurred successes are due to the synergy between good theories and experiments. Main 
driving force doesn't seem to have been an abstract aspiration for innovation, as much as a 

commitment to consistency & consequent planning; technology counts but not exclusively 

W e are invited by history of neutrino physics to renew the connections between physics, 
mathematics, astrophysics, cosmology - as if to say, to cross portals 



thanks!
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- The genesis of the neutrino concept
Talk at Neutrino 2024

- First steps towards understanding neutrinos
Quaderni di Storia della Fisica, 31 1, 109 (2024)

- Majorana and the bridge between matter and anti-matter
Nuovo Cim. 47C (2024)

- A discussion of the cross section 
Nuovo Cim. 47C (2024)

- Toward the discovery of matter creation with  decay
Rev. Mod. Phys. 95 2, 025002 (2023) 

- What is matter according to particle physics, and why try to observe its creation in a lab?
Universe 7 3, 61, (2021)

- Neutrino telescopes and high-energy cosmic neutrinos
Universe 6 2, 30 (2020)

- A critical appraisal of some concepts used in neutrino physics
Nuovo Cim. 36C  01, 223-228 (2013)

ν̄e + p → n + e+

0ν2β

https://agenda.infn.it/event/37867/contributions/235269/
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This attitude defines empiricism. Although it has often proved to be a valid approach, it is not without 
risks. For example, it leads to the belief that it is better to focus on models that allow something to be 

measured, which could be very misleading. It is so easy to imagine scenarios in which something interesting 
might happen, but this is far from meaning that they all have the same value - or even that they have any. On 

the contrary, there are theories based on profound principles that take time to explore thoroughly.

"If you can't measure it—it doesn't exist"



a funny situation

not infrequently some colleagues 
interested in "physics beyond the 

standard model" curiously overlook 
or underestimate the only evidence 

of physics beyond the standard 
model that is based on experiments 

and can be further verified

Peter Woit (not even wrong)

"the first version of this theory didn't have 
masses for the neutrinos, but it turns out you 

can throw in some right-handed neutrino 
fields, and it all  works exactly, you know, as 

you expect so far"



Real-time marine data harvesting at INFN - Laboratori Nazionali del 
Sud marine exploiting km3net infrastructure

Deep sea current monitoring Study of Bioluminescence

Bioacoustics

Airgun noise (10dB above baseline):
ship emitting off Cyprus

MASE

Sea soundscape monitoring

Geophysics and volcanology

M4.7 earthquake, 
Ionia Sea

ships

earthquakes

sperm-whales

Exploiting real-time optical reflectometry technique using optical fibres of the 
Catania and Capo Passero subsea networks
Brillounin and Distributed Acoustic Sensing OTDR

DAS detection
volcanic tremor

Courtesy Piera Sapienza and Giorgio Riccobene



Access to data and infrastructures

2

Geosphere INfrastructures for QUestions into Integrated REsearch

https://emso.eu/physical-access/

https://www.geo-inquire.eu/transnational-access/how-to-apply-for-access

Italian Integrated Environmental Research Infrastructures System

News in 2024

Lownoiser (EU): development of techniques to measure and reduce ship noise

Vongola (PNRR-CNB):DAS measurements for Bioacoustics (Centro Sicliano di Fisica nucleare e Struttura della Materia)

Courtesy Piera Sapienza and Giorgio Riccobene


