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In 1986 I returned to Roma  (after 6 years away from Italy)
with a temporary Post Doc position with INFN,
with the program to work in the experiment  MACRO
approved for construction  in the newly created
“Laboratorio Nazionale del Gran Sasso”  [LNGS]

A new, rich feld of research  
was  opening up for me:  “Non accelerator Physics”  
● Neutrino physics
● Cosmic Rays 
● High energy astrophysics
... 
I was fascinated   ...and  soon deeply “fell in love” ….    

Nearly 40 years have passed …  and …. 
the scientifc  progress in the feld has been 
nothing short of extraordinary
(and the feld  continues to be vibrant and exciting) 

A personal recollection :  



I met Venya for the frst time in 1988
during  a brief visit he made  in Roma
(I think to discuss with Giulio Auriemma and Luciano Maiani)

I has a much better chance to know Venya
next year,when I spent 7 months  at
the Bartol Research Center (USA)  invited by
Tom Gaisser and Todor Stanev.

Venya was making an extensive visit to the US
and spent some time at the Bartol Research Institute,
time sufcient for extensive discussions about many topics.

(and not only about physics, but also about 
the extraordinary developments  unfolding
in the Soviet Union of Mikhail Gorbachev  and in Eastern Europe).

For the next 30 years lively discussions with  Venya
(that soon  in 1991  arrived to lead the theory group
at LNGS)  were  of great importance  for my research.



Construction of a Highway for rapid communication
Need a tunnel to traverse the Appennini mountains
opened ofcialy  in Dec. 1984.



The Tunnel under the Gran Sasso Mountain  
arriving from Teramo  today 



Underground 
Laboratory
(3 Halls)

Surface detector Coincident 
 detections
 deep underground 
 + surface 

 Modeling
 of Showers

 Idea of  constructing an
 underground laboratory
 announced publicly  in 1982



Three large
experiments  halls
A, B, C

with a broad  program
of experimental studies



The MACRO
detector

In Hall B:



In hall A
Large Volume Detector (LVD)
still in operation   

840  counters of 1  m3)
(1000  tons of scintillators)



Venya  has been a co-author
with the LVD Collaboration
from  1986  (proposal)   to 2003
[More than 40 papers  that cover
a broad range of topics]

neutrino physics
Cosmic ray showers
…..



Topics in Astroparticle Physics in 1987

Proton Decay 

Solar neutrinos

Atmospheric Neutrinos  
(Background  for p decay
   ...  but also  probe for oscillations)

High Energy Sources
Gamma Astronomy
Neutrino Astronomy 

Cosmic Rays  Origin

Air Showers
  (“surface detectors + fuorescence)
  (Muons deep underground)
  

Hadronic Interactions  

Venya was  at the time
one the physicists
who was better at mastering
the ensemble of these topics.

The following 40 years
have see what  can  
certainly be seen as 
extraordinary  progress
[mostly thanks to the observers]

Venya kept a role as 
a sort of  one of the
“intellectual guides”  in 
this journey of understanding 



Solar Neutrinos
In Hall A  there  was to be built
the GALLEX  experiment
to measure solar neutrinos 
  



The “Solar neutrino Problem”  in 1986

Homestake  Solar Neutrino Experiment
  





108 Measurements of the solar neutrino signal
in the Homestake  experiment 

Gap in the data
[May 1985 October 1986]



108 Measurements of the solar neutrino signal
in the Homestake  experiment 

Gap in the data
[May 1985 October 1986]

time dependence ?!



A lot of skepticism  among  the physicists
(at least those I discussed  with ….)

Arriving in Roma   a colleague back  from a conference

“.. two russians  have (perhaps)  understood something
    important about neutrino oscillations, and this
    could  explain the Davis experiment ! “
 



I remember reading these papers:

fnding  it was wonderful physics ! and thinking

“…  it would  be nice if this is relevant to the real
  world and observable... but it is not very likely ….”
[but started working on the implications for atmosphericneutrinos]



1940 – 2011

From 1991 – 1998   was part of the MACRO  Collaboration

Stanislav Pavlovich Mikheyev 



Baksan Neutrino Telescope
(observations started in 1977)



Baxsan  Neutrino telescope





“Underground Physics” starts very early
during the “heroic times” of cosmic ray physics.

Cecil Frank Powell 
(Nobel prize 1950 for the discovery of  charged pions)
`` … a whole new world had been revealed ...
It was as if, suddenly, we had broken into a walled orchard,
where protected trees had fourished and all kinds of exotic fruits
had ripened in great profusion.''

…......



Cosmic  Ray  Showers in the Earth Atmosphere

In modern notation 
(neutrinos of diferent favors)

Two decays   in chain
1st :  One invisible particle  
2nd   At least (exactly) two invisible particles 



Cosmic  Ray  Showers in the Earth Atmosphere

Very penetrating particle
Spectrum at high energy can be studied  
going deep underground



Measurements of the
muon fux  
deep underground

Exponential suppression

Review of 1952

3000 m.w.e.
(meters water equivalent)
the LNGS depth



Interpretation in terms of
energy spectrum of the primary cosmic ray radiation
[up to energy 1015 eV ] 



The Gran Sasso laboratory 
ofered the possibility to perform much more
profound studies of this type, and not only 
with “single muon”, but also  with
“muon bundles”    
created   in the shower of a single primary particle

one event in the MACRO detector                



Cosmic  Ray  Showers in the Earth Atmosphere

There must be an abundant fux 
of “Atmospheric neutrinos”
[Generated in the showers of primary  cosmic rays
in the Earth's atmosphere]



The existence of Atmospheric neutrinos
was immediately understood,

The possibility of detecting these high energy
neutrinos was clearly extremely  difcult
but very interesting

[for example : Measure  the neutrino cross sections !] 

Another fantastic idea  was also 
very soon expressed:

Astrophysical Neutrinos 

Cosmic rays are created somewhere,
and also “there” there will be some target, and
neutrinos are produced.....
… and they travel along straight lines  …..



There must be a fux of 
 “cosmic neutrinos”
  [atmospheric neutrinos]

 Is it detectable ?

Are there  (high energy) neutrinos 
Generated from astrophysical  Sources  ?

Is Neutrino Astronomy Possible ?



[from Christian Spiering]

“Visionaries”  in the Soviet Union



“Visionaries”  in the Soviet Union



Fascinating review by  a key participant:

Idea also  discussed  in 



While the experimentalist were 
discussing (extremely)  bold  solutions for detection,

 
Berezinsky and Zatsepin   made a prediction
of great importance  about a fux of 
astrophysical neutrinos at ultra  high energy 

Abstract:



Developing these  ideas  (with additional  theoretical possibilities)





Very important idea



Neutrino Induced
Muons



The  frst observations
 of Atmospheric Neutrinos



Kolar Gold Field  Mine in India







Reines 
experiment
South Africa







Strong  motivation for Underground experiments:

the prediction of Proton Decay

 Georgi and Glashow,
 "Unity of All Elementary Particle Forces", 
 Phys.Rev.Lett.  32 438 (1974).

Georgi, Quinn and Weinberg,
"Hierarchy of Interactions in Unifed Gauge Theories", 
 Phys. Rev. Lett. 33, 451 (1974).



Physical Review  96, 1157 (1954)

First limit: 1021 yr



Lower Limit pushed  up 

depending on the assumed decay mode 





Soudan 1
detector



Nucleon Stability
Experiment  (NUSEX)

Mont Blanc



NUSEX: contained events



Kolar Gold Field  (India) 
experiment

IMB  detector
(completed 1981)









  [Soudan 2 detector]

Background !  Atmospheric  Neutrino interactions
...(but your background can be my signal...)



Atmospheric Neutrinos

and

 the discovery of Neutrino Oscillations

wonderful story 
of   how science works

From:  Anomaly
To        Hint
To        Evidence
 ….   
To        Nobel prize

New detectors
better analysis

More refned models



The   “Anomaly"

The Atmospheric neutrino Anomaly











Kamiokande 1988

e-like mu-like

Can you separate
muons from  electrons ?!

Can you predict correctly
nu_mu and nu_e ?

the “anomaly"



Kamiokande 1994

subGeV
mu-like

Zenith Angle  (nu pathlength) 
dependence ?!!

The “hint”



Super-Kamiokande

Takaaki 
Kajita  (1998)

The “evidence” !!



Takaaki Kajita  receiving the 2015
Nobel prize in Physics



MACRO 
detector
at Gran Sasso



The MACRO data on
“upgoing muons”  (1998).

 “Bartol neutrino fux”

Distortion  of the angular
distribution





High Energy Sources

gamma rays

Neutrinos

Cygnus X-3

SN 1987A 



FERMI 4th   General Catalog 4FGL   (7195 sources)

TevCat 
[251 sources circa 2022]

gamma-ray sky
today



HESS Galactic Plane Survey    (78 sources)     



LHAASO  KM2A   catalog    
E> 25 TeV

75 sources

44 for E> 100 TeV



….. and  high energy Neutrino  sources  !!  

TXS  0506+056



NGC 1068     Seyfert Galaxy
(also Starburst galaxy)



GW 171817

GRB 170817A  !!!



…...  But   until 1983

         there were  zero  sources  …...

and then:  



Detection of Cygnus X-3
(Kiel air shower detector)
Samorski and Stamm.     ApJ may 1983.

[Orbital period 4.8 hours.   Phase diagram ]







From Francis Halzen [1986]
“On the discovery of very high energy point sources”



Composite Image   
X-ray   Chandra
Radio   Sub-Millimeter Array  (SMA) 



Cygnus X3

seen (today)
by FERMI-LAT





Haverah Park Array  12 km2     [1967 - 1987]



Phase distribution  observed by Haverah Park



Underground Muon Observations !



Detection  with deep underground muons
by the Mont Blanc and Soudan  detectors

…. A cascade of   papers with “wild” speculations
  photinos, gluinos, glueballinos, ….
the “cygnet"  models







Tom Gaisser  wrote 15 papers discussing  Cygnus X-3
(9 with Francis Halzen)
(8 with Todor Stanev)

T.K.Gaisser and T.Stanev,
“Calculation of Neutrino Flux From Cygnus X-3''
Phys. Rev. Lett. 54, 2265 (1985).

T.Stanev, T.K.Gaisser and F.Halzen,
“Muons in gamma showers from Cygnus X3 ?''
Phys. Rev. D 32, 1244-1247 (1985)

In these works the main lines  of the emission
from high energy sources (in neutrinos and gamma rays)
are outlined



Haleakala Cherenkov telescope



Observations  by Haleakala Cherenkov telescope
of one more X-Ray pulsar
Chadwick et al. 1985.

4U 0115+63

T
pulsar

 = 3.61 seconds

T
orbit

  =  24.3 days

Hercules X-1

T
pulsar

 = 1.24 seconds

T
orbit

  =  1.7  days



Detections of Hercules X-1



 CASA-MIA array   UTAH

Construction 1988-1991
Data taking  1992 - 1998

Chicago
Air 
Shower 
Array

Michigan
Muon 
Array

CASA-MIA  telescope



1089  scintillator detectors
2500  meters of buried muon detector









Measurements of Cygnus X-3   [1975-1990]







Profound impact in our feld : Stimulated:

More Accurate calculations of  the  relation
between primaries and gamma-rays and neutrinos

Modeling of Astrophysical sources

More sensitive  Detectors !!

Better statistical methods



SN 1987A !!





Observation of   the neutrino burst from SN1987A
by IMB, Kamiokande,  Baksan  (+ Mont Blanx) 

Fiducial mass

6800 tons

2140 tons

280 tons

125 tons



Confrmation of the fundamental  elements of
the Supernova explosion mechanism  and neutrino emission



The study of the neutrino burst  has allowed
to  put important constraints on several phenomena

neutrino masses
Neutrino Magnetic moment
Axions 
…..

We are all  eagerly waiting
 for the next one  !!!!

Very powerful stimulus for several studies  including:  

Acceleration in high energy sources







Other important contributions

Many of the  fundamental ideas  about  
multi-messenger astrophysics
are put on a frm basis during this years of 
“excitation”  



The mistery of the

Mont Blanc  signal  



5 very low energy neutrinos
in  7 seconds  



Thresholds of the  diferent detectors 

LSD had the lowest threshold





Topics in Astroparticle Physics in 1987

Proton Decay 

Solar neutrinos

Atmospheric Neutrinos  
(Background  for p decay
   ...  but also  for oscillations)

High Energy Sources
Gamma Astronomy
Neutrino Astronomy 

Air Showers  
Hadronic Interactions  

 Profound 
 understanding of
 Flavor Oscillations

 The “Golden Era”
 of Gamma Astronomy 

 The birth of
 Neutrino Astronomy

Cosmic Rays Origin Great observations
extending 12 orders of
magnitude  
 many problems remain open

The dark side of the
Standard Model

Will we ever see it ??

Today



The scientifc legacy  of

Veniamin Sergeyevich Berezinsky 

The profound imprint  of 
his many  ideas
(often  right, sometimes  wrong …
but always deep)
in a feld the is  now fourishing.



The scientifc legacy  of

Veniamin Sergeyevich Berezinsky 

The profound imprint  of 
his many  ideas
(often  right, sometimes  wrong …
but always deep)
in a feld the is  now fourishing.

I can see an important part of his
legacy in front of me in this auditorium !

The  generation(s) of younger
scientists  formed  discussing
with  Venya, and that are now 
pushing  forward the frontiers 
of what now we now call Astroparticle Physics

[and have organized this  meeting .    Thanks  ! ]. 
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