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Before discussing Cosmic-Ray Physics in the XXI century, 

please allow me to give you a glimpse of the role that cosmic-

ray physics played and still plays in our contemporary 

research activities in South America, particularly in Brazil.
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Introduction



In 1942, the Nobel Prize-winning physicist Arthur Compton pointed out that
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ñBecause in this field of cosmic ray studies certain 

unique advantages are given by their geographical 

position, this field of physics has been especially 

emphasized in South America.ò

Compton about South America and Cosmic Rays



To which advantages Compton was referring?

¶High-altitude mountains (up to 6,000 m, extending over 8,000 km in 

length)

¶Good climatic conditions (mild weather, clear and unpolluted skies)

¶The center of our Galaxy comes within the field of view of the experiments

¶Various regions in Brazil, Peru, and Bolivia near to the geomagnetic 

equator 
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Early research in cosmic-ray physics in South America

ÅThere is a long tradition in cosmic-ray research in South America, 

particularly in Brazil, starting in the 1930s with Bernhard Gross in 

Rio and Gleb Wataghin in São Paulo. 

ÅIn the 1930s, Wataghin and his co-workers measured coincidences 

of penetrating particles (at the same time as Pierre Auger et al.) in a 

gold mine in the State of Minas Gerais, in a tunnel under 

construction in São Paulo and on flights with Brazilian Air Force 

(FAB) planes.

ÅThey published their results in Phys. Rev. in 1940 as Letters to the 

Editor (ñSimultaneous Penetrating Particles in the Cosmic Radiation 

I and IIò, P. A. Pompeia, M. Damy de Souza Santos, G. Wataghin,

both in Phys. Rev. 57).  These are the first international publications 

of cosmic-ray experiments done in Brazil.
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Simultaneous Penetrating Particles in the Cosmic Radiation II*

An excerpt of the conclusion:

ÅFurther studies on the number of penetrating particles in a shower and on 

the extension of those showers are in course, and results already 

obtained lead us to think that the observed particles are associated 

with the penetrating cores of the extensive air showers discovered by 

Auger and his co-workers.
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* "Simultaneous Penetrating Particles in the Cosmic Radiation II", P. A. Pompeia, 

M. Damy de Souza Santos, G. Wataghin, The Physical Review, v.57, n.1, p.61, 1940 



Compton in São Paulo

ÅArthur Compton visited São Paulo in 1941 and participated in the International 

Symposium of Cosmic Rays organized by Wataghin and held in Rio de Janeiro.

ÅHe also launched balloon flights not far from São Carlos.
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Compton expedition in 1941: launching balloons to the stratosphere to catch cosmic rays.

Oscar Sala
Arthur Compton



Cesar Lattes

ÅA former student of Wataghin at the University of São 

Paulo, Lattes received a scholarship to work in Cecil 

Powell's group at Bristol (UK).

ÅHe participated in the measurements that led to the 

discovery of the pion in 1947 using nuclear emulsion plates 

exposed to cosmic rays (ñObservation on the Tracks of Slow 

aŜǎƻƴǎ ƛƴ tƘƻǘƻƎǊŀǇƘƛŎ 9Ƴǳƭǎƛƻƴǎ tŀǊǘ м ŀƴŘ нέΣ  C. M. G. Lattes, 

G. P. S. Occhialini and C. F. Powell, Nature  160). Powell received 

the Nobel Prize in 1950.

ÅWe are celebrating Lattesô centenary this year.
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Pic du Midi

French Pyrenees 

(2,877 m)
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Pic du Midi

French Pyrenees 

(2,877 m)

Mount Chacaltaya
Bolivia

(5,200 m)



The next experiments at Mt. Chacaltaya
ÅFrom the 1960s until today, the Mt. Chacaltaya Observatory hosted many 

cosmic-ray experiments, such as the Brazil-Japan Collaboration, the Bolivian Air 

Shower Joint Experiment BASJE experiment (Bolivia, Japan and USA) and today 

ALPACA (Andes Large area PArticle detector for Cosmic ray physics and 

Astronomy).

12



Emulsion chambers of the Brazil-Japan Collaboration
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Basic structure of an emulsion chamber working as an electron shower detector.



LISHEP 2023

A two-storey emulsion chamber..
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Also theoretical  work was done

Manuel Sandoval Vallarta (Mexico)

With Georges Lemaître, Vallarta discovered that the intensity of cosmic rays varied with latitude because these 

charged particles are interacting with the Earth's magnetic field.

They also worked on a theory of primary cosmic radiation and applied it to their investigations of the Sun's 

magnetic field and the effects of the galaxy's rotation.

While at Universidad Nacional Autónoma de México, Vallarta worked with Nobel Prize laureates Luis 

Alvarez and Arthur Compton on experiments to show that cosmic rays were composed of protons.

Interesting paper: ñThe scattering of cosmic rays by the stars of a galaxyò, by M. S. Vallarta, R. Feynman, 

published in Phys. Rev (1939). This was Feynman's first scientific publication.
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Activities ongoing also in other countries in these years

ÅArgentina

ÅBolivia

ÅPeru

ÅMexico

16



LAGO

Latin American Giant Observatory 

involving scientist from nine 

countries: Argentina, Bolivia, 

Brazil, Colombia, Ecuador, 

Guatemala, Mexico, Peru, and 

Venezuela.
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Which particles are we talking about?

ÅUltrahigh-energy cosmic rays, primarily atomic nuclei

ÅHigh-energy gamma-rays 

ÅHigh-energy neutrinos

ÅOther unknown objects?
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Which questions we address?
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ÅHow are these UHE particles created/ accelerated?

ÅHow do they propagate through the Universe?

ÅWhich are the violent phenomena and extreme 

environments at their sources?

ÅWhat do we learn from their HE interactions?
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Which questions we address?

22Courtesy Prof. Vitor de Souza
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Where are their sources?



ÅUltrahigh- energy 

cosmic rays 

above 1017 eV

24



PoS(ICRC2021)012

Equatorial coordinates

T
h

e
 A

s
tr

o
p

h
y
s
ic

a
l 
J
o

u
rn

a
l 
L

e
tt
e

rs
, 

7
9

0
:L

2
1

 2
0

1
4

PoS(ICRC2021)012

Telescope Array

25



26



27



28



Highlights of UHE Cosmic-Ray Physics

Energy spectrum and flux suppression at the highest energies

Measuring proton-air cross section at ▼ @ ἢἭἤ

Tests of hadronic-interaction models

Investigating air showers with an excess of muons

Challenging level of isotropy with a dipole

Targeted search for neutron and gamma-ray sources 

Upper limits on neutrino flux

Neutrinos/photons in coincidence with gravitational waves

Radio signal from air-showers

Atmospheric Science

Upper limits for magnetic monopoles

Tests of exotic scenarios

Unexpected mass composition
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ÅUltrahigh- energy 

gamma-rays of 

GeV ­ TeV ­ PeV
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H.E.S.S. Gamma-rays

ÅHigh Energy Stereoscopic System Project (H.E.S.S.) in Namibia

ÅGamma-rays of 100 GeV - 100 TeV  

ÅTechnique: Air-Cherenkov telescopes
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http://www.mpi-hd.mpg.de/hfm/HESS/HESS.html


H.E.S.S. Gamma-rays

ÅHigh Energy Stereoscopic System Project (H.E.S.S.) in Namibia

ÅGamma-rays of 100 GeV - 100 TeV  

ÅTechnique: Air-Cherenkov telescopes

ÅRecent result: H.E.S.S. reported deep gamma-ray observations which show 
the presence of PeV protons originating from the supermassive black hole at the 
center of  the Milky Way (supernova remnants as a source of PeV Galactic 
cosmic rays).
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http://www.mpi-hd.mpg.de/hfm/HESS/HESS.html


By Klepser at English Wikipedia, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=61288242 33



Very High Energy Gamma Ray Sources detected by H.E.S.S. (still 2012)
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Very High Energy Gamma Ray Sources detected by H.E.S.S.
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HAWC - The High-Altitude Water Cherenkov Experiment
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The High-Altitude 
Water Cherenkov 

Experiment

By HAWC Collaboration - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=35125676

HAWC is a gamma-ray and cosmic-ray observatory in the  

state of Puebla, in Mexico, at an altitude of 4100 meters.

Technique: Altitude particle arrays detecting gamma-rays 

indirectly using the water-Cherenkov method.

Science goals: HE Galactic sources, Galactic diffuse emission,

Transient emission from AGN and the Crab, Gamma-ray bursts,

Cosmic rays at TeV energies, fundamental physics (LIV, dark matter)37
37



Recent HAWC 
results (2022): 
detection of gamma 
rays coming from 
the central zone of 
the galaxies Mrk 421 
and Mrk 501
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Recent HAWC 
results (2022): the 
cosmic ray energy 

spectrum of 
protons plus 
helium at high 
energies
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Large High Altitude Air Shower Observatory

Sichuan, China, 4410 m a.s.l. 
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LHAASO discovered a dozen PeVatrons and Photons Exceeding 1 PeV 

and launches UHE Gamma Astronomy Era
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ÅUltrahigh- energy 

neutrinos 
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