Gleb Wataghin
and his mission in Brazil



Gleb Wataghin

® Gleb Vassilievich Wataghin was born in
1899 to a noble, wealthy, and cultivated family
in the town of Birzula (later Kotovsk, and since
2016, Podilsk) in what is now Ukraine and
was then part of the Russian Empire.

® His father, an engineer, was the director ) AL < B5dilsk
responsible for the southwestern imperial \ §
railways.

® Gleb attended the Kiev Imperial Secondary
School and studied for one year at the
University of Kyiv (1918-1919).



Settling in Turin

® In 1919, amid the chaos sweeping
Eastern Europe, Wataghin, together
with his parents and sister, fled via
Odessa and the Black Sea, eventually
reaching Turin, Italy, after a series of

Intermediate journeys.




Early academic trajectory in Turin

® Working hard, he obtained a degree in Physics from the University of
Turin in 1922, and, less than two years later, in 1924, also a degree in
Mathematics, both with full marks and honors.

®* While studying, he used to accompany silent movies at the piano, give
private lessons in Latin and Mathematics, and even make translations to
earn his living.

® Between 1925 and 1933, he taught at the Royal Academy and School of
Artillery and Engineering Applications at Turin. Between1929 and 1934,
he held appointments as a lecturer at the University of Turin.

®* In 1929, he became an ltalian citizen.



Starting an international scientific network

®* While at the University of Turin, Gleb participated in several international
conferences, visited institutions around Europe, and made acquaintance with
famous scientists, like Rutherford, Dirac, Bohr, Schrodinger, Heisenberg,

Pauli, Heitler, Klein, among others.

He closely followed the early years of the development of Quantum Mechanics
and the evolution of the knowledge about the structure of matter, even
contributing to the description of subatomic particle production in high-energy
particle interactions.



But why did he come to Sao Paulo?




Sao Paulo in the early 1930s: almost a scientific vacuum

® There were only isolated institutions of higher education (Law, Medicine, and a
Polytechnic School), but no university focusing on broader fields. A strong
movement was underway among a group of intellectuals from Sao Paulo demanding

the creation of a university.

® The governor of the State of Sao Paulo sent some local intellectuals on a mission to
invite eminent professors in Europe to come to Sao Paulo and participate in the
implementation of the Faculty of Philosophy, Sciences, and Letters, designed to
be a hub for the creation of the University of Sao Paulo.

® The plan was to invite biologists, botanists, and zoologists from Germany, humanists
from France, and mathematicians and physicists from ltaly.



The invitation and the turning point

The envoy, Theodoro Ramos, contacted Enrico Fermi.
Fermi had other plans and suggested inviting Gleb Wataghin.

Initially, Gleb was reluctant, afraid of becoming isolated from the main Physics
centers. But, in view of the political developments in Italy at the time and not
listening to the advice of his friends, he accepted the invitation and arrived
in Sao Paulo in 1934.

The University of Sao Paulo was founded this very same year.



A mission: introducing modern physics in Brazil

Wataghin saw the opportunity not only as an academic
appointment but as a mission to introduce modern

physics and research-based education in Brazil.



Wataghin at the time when he came to Brazil

Acervo FFCL-USP

1934
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From theory to experiment: a strategic choice

® Gleb started to give lectures in Physics for students of engineering and physics.
More than one future engineer left and changed to Physics because of his lectures!

® He introduced his students to Modern Physics, Quantum Mechanics, and Relativity.

® Although being a theoretician, he recognized the importance of conducting
experiments to test theories and to bring new insights and ideas to describe Nature.

® Gleb was an extraordinary person, facing the Herculean challenge of building a
School of Physics in an emergent university with no tradition in the field and far from
the main centers, without even a building, a laboratory, a plan for the courses, no other
teachers, and with only a few students.
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Building a School of Physics from Scratch

He organized a group of Experimental Physics, building a lab and appointed his
students Marcello Damy and Paulo Aulus Pompéia as assistants.

He chose to measure what he had at hand: cosmic-ray particles and their
interactions.

The group built and pursued all issues above from scratch, supported by Gleb’s
enormous energy and commitment. The electronics and instrumentation developed in
the group were competitive with those worldwide at that time.

The first results pointed out the existence of showers of simultaneous
penetrating particles in cosmic radiation.

In only five years, the group was publishing the results of their measurements in
the most famous international journals.
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The first laboratory in the attic of the Polytechnic School

(64 m? for teaching, building equipment, and learning) 13



Wataghin in the Physics Laboratory in the 1930s, with the
Geiger counter used in the experiments with cosmic rays.

14



TOMD Xi RO DE JANEIRO, 31 DFE MARCO DE 1939 N*1

ANNAES

DA

ACADEMIA BRASILEIRA DE SCIENGIAS

| —— — - —_—

COSMIC—-RAY SHOWERS AT CREAT DEPTHS

G, Waracmr anp M. Daxx pg Sovsa Sawros
Departament of Physics. University of Sdic Paulo

Arrangenients for fourfold coincldences measugsmegts with
G. M. counters were employed tg study shower inhaiftHes usder
different thicknesses of rock and different experimental conditions.
Measurements were made in the mine pf Morro-Velho (Brasil) at
depths of 200 and 400 m. water equivalent below the surface«and in
Sdc Paulo at a depth of 50 m. water eguivelent

“Cosmic-Ray Showers at Great Depths”, G. Wataghin, M. Damy de Souza
Santos, Annaes da Academia Brasileira de Sciencias, v.11, n.1, p.1-9,



Cosmic-Ray Showers at Great Depths*

Abstract

Arrangements of four-fold coincidences measurements with G. M. counters
were employed to study shower intensities under different thicknesses of rock
and different experimental conditions. Measurements were made in the mine
of Morro Velho (Brasil) at depths of 200 and 400 m water equivalent below the
surface and in Sao Paulo at a depth of 50 m water equivalent.

* “Cosmic-Ray Showers at Great Depths”, G. Wataghin, M. Damy de Souza Santos,
Annaes da Academia Brasileira de Sciencias, v.11, n.1, p.1-9, 1939
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The first experimental paper in Physical Review*

LETTERS TO

Simultaneous Penetrating Particles in the
Cosmic Radiation

Some. experiments were made to examine whether
showers with two or more penetrating particles could be
found in cosmic radiation.

The apparatus used has been described in a previous
paper.! It consisted of a fourfold coincidence set provided
with a Neher-Harper circuit; its coincidence time was of
7% 1077 min. The counters used were of 100 cm? area and
were filled with hydrogen and argon at a total pressure of
15 mm of mercury. Their efficiency, measured according to
the method of Street and Woodward, was 100 percent.

The arrangement of the counters consisted of two sets of
telescopes in coincidence (Fig. 1), each counting only rays
which produce coincidences through a layer of lead 16 cm
thick.

The results of the measurements (made at an altitude of
800 m above sea level), are given in Table I. The observed

THE EDITOR 61

Souza Santos have indepently discussed the absorption
processes of the mesotron producing radiation in the high
atmosphere and have pointed out that in order to explain
the high absorption of this radiation in the upper region of
the atmosphere and the penetrating power of the mesons,
it 1s necessary to assume that at least two mesotrons are
simultaneously created (which makes improbable the
inverse process.)
A further report of these measurements will be published

elsewhere.

G. WATAGHIN

M. D. pE SouzAa SANTOS

P. A. PoOMPEIA
Department of Physics,
Sdo Paulo University,

Sédo Paulo, Brazil,
December 8, 1939,

1 Annaes da Academ1a Brasileira de Sciencias. T. XI, p. 1.
2 L.a Ricerca Scient., in the press.
3 Annaes da Academia Brasileira de Sc1enc1as in the press.

* "Simultaneous Penetrating Particles in the Cosmic Radiatien, P. A. Pompeia, M. Damy de Souza
Santos, G. Wataghin,[-The Physical Review;y.57, n.1, p.61
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Simultaneous Penetrating Particles in the Cosmic Radiation II*
(Follow-up of the previous article)

An excerpt of the conclusion:

Further 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.

* "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
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Measurements at 1750 m (mountain) and 750 m (SP)

LETTERS TO THE EDITOR

Showers of Penetrating Particles

0= 0= «|0= ~{Q=- =0

0. SaLA AND G. WATAGHIN X !
Depariment of Physics, University of Sdo Paulo, S@o Paulo, Brazil k\\\\\_\\\\\\\w \
November 24, 1944 .
OMPARATIVE studies of showers of penetrating ‘ kisgi‘é%%Es S

particles at various altitudes with different materials \
K\\\\\\\W

were begun in July and August, 1944, in Campos de Jorddo |
(Brasil) at an altitude of 1750 m and latitude 23° and in
Sao Paulo (altitude 750 m and latitude 23° 5').

The multivibrator circuit,! elaborated by M. D. de Souza
Santos, was adopted in connection with counters of fast
type (alcohol-argon mixture). The resolving time of the
coincidence set used was ~6X 107% sec, The rate of chance
4-fold coincidences in all experiments was negligible. The
efficiency was tested before and after the experiments and
was >97 percent. The arrangements XV and XVI are

L= Rl

ey -

TaABLE I. Number of 4-fold coincidences in arrangements XV and XVI.

indicated in Fig. 1. They are of the type used in previous 4'1:01'51 tu:ne fr eq.
experiments in order to observe showers of penetrating arrang. coinc. min. 107 min.™!
particles.?

Fourfold coincidences were observed between counters S. Paulo XV 73 36300 2.04+0.3
fully surrounded by lead of thicknesses not smaller than C. de Jorddo XV 155 21830 7.140.5
10 cm Pb and separated also by 10 cm of lead. : C. de Jorddo XVI 290 32440 8.9 +0.5

In the experiment XVI the arrangement of counters and
lead was the same as the experiment XV, and only an

absorber of water was added. A total amount of about 750 “ : : ”
liters of water was used forming a layer of 80-cm thickness. Showers of Penet_ratlng Particles
O. Sala, G. Wataghin, Phys. Rev. 67 (1945) 55

The preliminary results are given in Table 1.
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Measurements at 7000 - 8000 m altltude using an alrplane of the
Brazilian Air Force (1944). Gleb’s son Andrea is at the left.
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Measurements during airplane flights

The technician Francisco Bentivoglio Guidolin and Gleb Wataghin in the
mid 1940s, measuring cosmic-ray particles during airplane flights.
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Measurements during airplane flights
(6400 m, 7000 m, and 8000 m)

Showers of Penetrating Particles at
Altitude of 22,000 Feet

0, SaLa ANMD G, WATAGHIN
Deparfaments de Firica, Unieerpidade de 500 Paule, 580 Peulo, Brasd
July 18, 1946

HOWERS of penetrating particles were observed at an
altitude between 21,000 and 23,000 feet in three
airplane flights (near Sio Paulo) with an arrangement XV
already described and used by us.! The observed frequency
of the fourfold coincidences at three different altitudes is
given in the following Table 1.

TaeLe I, Mumber of fourfold ceincidences in arrangement XV,

Barom. Num-
ber of

pres-
Altitude sure in

[=a N Time in Freguency
in meters mm Hg incid. min. 1000 mi::.w
3. Paulo TS50 TOdp 135 o6 540 20 0.3
C, de Jordio 1750 615 155 21 830 Tz 0.5
Airplane 1] 0 36 ] 160 =27

These preliminary results show that the intensity of
particles generating the showers of penetrating rays
decreases very rapidly with the depth in the atmosphere
(probably following an exponential law). This variation
with depth ¢an be compared with the varation of the
abundance of neutrons and protons observed with counters
and cloud chambers. But in our case only nucleons with
energy > 107 ev come into consideration, The relation with
the primary particles and the latitude effects of these
showers will be the object of the next study.

Showers of Penetrating Particles at Altitude of
26,000 Feet

GLER WaTadmis

Deparimend of Fhyeice, Eubemrnity of 590 Foxlo, 5fs Peuls. Hrosil
February 17 1947

HE wanation of the frequency of showers of pene-

trating particles with atmospheric depth was ob-
served during three recent flights in an airplane at altitudes
of 22,000 and 26,000 feet, The arrangement and the resulis
are indicated in Fig. 1, where also the restlts ol previous
measurements are reportecl.? (Cirgles indicate measure-
ments made in recent fights, X refers to measurements
fade in 144 in the mountains, at 24.2 inches Hg of
meean pressure and in 16 in an airplane at 134 Inches
Hy.) The improved arcangement with 8§ counters of 200
cm? of area permitted the observation of a greater number
of fourfold coincidences; 137 in 35 min, at the highest

Cross-section Estimation
Oon? 2.5x1072° cm?/nucleus
or 1,6 x10-26 cm2 /nucleon

“Showers of Penetrating Particles at Altitude of 22,000
feet”, O. Sala, G. Wataghin, Phys. Rev. 70 (1946) 430

&

“Showers of Penetrating Particles at Altitude of
26,000 Feet”, G. Wataghin, Phys. Rev. 71 (1947) 453 22



Gleb, the theoretician

Among his main interests, a short list includes:
® Quantum Field Theory
® Relativity
® Particle Statistics at high temperatures
¢ Statistical models of particle production
® Astrophysics & Cosmology
® Elementary Particle Physics: Multiple production of mesons
® Non-local theory of elementary particles
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Gleb, the theoretician

Uber die relativistische Quanten-Elektrodynamik
und die Ausstrahlung bei StoBen sehr energiereicher
Elektronen.

Von Gleb Wataghin zur Zeit in @nlu, Bra@

(Hingegangen am 2. Oktober 1934.)

s wird die von dem Verfasser kiirzlich vorgeschlagene Formulierung der
Quantenelektrodynamik diskutiert und die relativistische Invarianz der Methode
hewiesen. Die Berechnung der elekfrostatischen Selbstenergie fiir ein punkt-
formiges Elektron wird durchgefithrt. Die Ausstrahlung bei Stiflen sehr energie-
reicher Flektronen wird nach der Methode von Fermi und Weizséacker ab-
geschiitzt. Die Anwendung auf die Theorie der Paarerzeugung wird kurz erortert.

"Uber die relativistische Quanten-Elektrodynamik und die
Ausstrahlung bei StoRen sehr energiereicher Elektronen”,
G. Wataghin, Zeitschrift fur Physik, v.92, (1934) 547-560.

24



Some of Gleb’s Papers on theoretical topics while at
USP (155 papers and 1 book published during his life)

* Uber die relativistische Quanten-Elektrodynamik und die Ausstrahlung bei StoRen
sehr energiereicher Elektronen, G. Wataghin, Zeitschrift fur Physik 92
(1934) 547-560;

® "“On the abundance of nuclei in the universe”, G. Wataghin, Physical Review 69
(1946) 237.

® “On the formation of chemical elements inside the stars”, G. Wataghin, Physical
Review 73 (1948) 79 (in the same volume as the famous Alpher-Bethe-Gamow

paper).

® “On the multiple production of mesons”, G. Wataghin, Physical Review 74 (1948)
975, (about the multiple production of mesons in HE particle interactions).
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Sending his students abroad: integration into
world physics

Marcello Damy was sent to work with William Bragg,

Paulus Aulus Pompeia was sent to work with Arthur Compton,

Mario Schoenberg was sent to work with Enrico Fermi, Wolfgang Pauli, George
Gamow, and, later, Subramanyan Chandrasekhar,

Sonia Ashauer was sent to work with Paul Dirac,

Walter Schutzer was sent to work with Eugene Wigner em Princeton,

Jayme Tiomno was sent to work with John Wheeler and Eugene Wigner,

Oscar Sala was sent to work with Raymond George Herb,

Cesar Lattes and Ugo Camerini were sent to work with Cecil Powell.

There, Lattes participated actively in the discovery of the pion in 1947.
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International visitors and scientific exchanges

® Enrico Fermi, in 1934.

® Giuseppe Occhialini, in 1937, former student of Wataghin in Turin,
bringing with him the experience got while working with Patrick Blackett
and Bruno Rossi. He soon become a Professor at USP and
strengthened the group.

®* George Gamow, in 1939.
¢ Arthur Compton, in 1941.

® These visits were not accidental: they were made possible because of
the scientific environment created by Wataghin in Sao Paulo.
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The Urca process: theory and astrophysics

® Following Gamow’s visit to Rio in 1939, his interaction with Wataghin’s student
Mario Schoenberg led to the formulation of the Urca process, highlighting once
more how Wataghin’s school was fully integrated into front-line international
research.

® They worked on stellar collapses and ended up proposing that in contracting stars
in later stages of their evolution, one must expect a special type of nuclear
processes accompanied by the emission of a large number of
neutrinos, resulting in the cooling of the stellar core and triggering a rapid
collapse.

®* They named the process “Urca process”, comparing the fast energy loss due to
the neutrino emission with the rapid loss of money in the casino Urca in Rio.

The Possible Role of Neutrinos in Stellar Evolution, G. Gamow, M. Schoenberg, Phys. Rev. 58 (1940)1117
Neutrino Theory of Stellar Collapse, G. Gamow and M. Schoenberg, Phys. Rev. 59 (1941) 539 28



Arthur Compton

Oscar Sala

Artur Compton’s expedition to the city of Bauru, in the interior of the state of Sdo Paulo in
1941: Experiment with balloons with hydrogen to measure cosmic rays in the stratosphere
and study the flux dependency on geomagnetic latitude and on the magnetic field.
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International Symposium on Cosmic Rays in Rio de Janeiro
(1941)

E

Arthur Compton 30



His return to Italy in 1949 and rebuilding Turin physics

® After the end of the 2nd WW, ltaly faced the challenge to reconstitute its institutions and staff.
The Italians who had left the country were called back to help in this endeavor.

®* In 1949, Gleb returned to his alma mater and once more demonstrated the same remarkable
capacity for institution-building, contributing to rebuilding the Physics Department of the
University of Turin. He became Chair of Theoretical Physics and maintained a constant
dialogue with both theorists and experimentalists.

® He contributed to the creation and early growth of the Istituto Nazionale di Fisica Nucleare.

®* Inthe words of E. Predazzi, “Through his teaching, mentorship, and institutional
engagement, Wataghin helped train a new generation of Italian physicists who would
go on to make significant contributions at both the national and international levels.”
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His return to Italy in 1949 and rebuilding Turin physics

® He helped to install and operate a 30-MeV Betatron and later a 100-MeV
synchrotron, which operated at the institution for around 40 years.

® He served as a member of the Academy of Sciences of Turin and the renowned
Accademia Nazionale dei Lincei.

® He received the prestigious Feltrinelli Prize in 1951 and was honored several
times in Brazil.

® He continued his scientific diplomacy, inviting foreign scientists and visiting other
centers.

® Gleb passed away in Turin in 1986.
32



Gleb’s personal characteristics

® Gleb’s enthusiasm for Science was contagious.

® He was the best “salesman” of Physics and used to talk about cosmic rays to
literally anyone!

® He was an extremely optimistic person and had enormous pleasure in sharing
his knowledge with others.

® His moral integrity and exceptional humanity, always trying to help others, were
admirable.

® Undoubtedly, one of the reasons for his success was the positive view of
existing and extraordinary joy in living and transmitting this joy to those around
him.

®* For me, he was the personification of a gentleman!
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A well-deserved tribute:
The Physics Institute of the University of Campinas named after him

Instituto de Fisica Gleb Wataghin
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A well-deserved tribute:
The Physics Institute of the University of Campinas named after him

31 August 1971

N
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31 August 1971




Gleb giving an invited lecture at our institute

1971
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Gleb Wataghin’s last visit to our Institute in 1974

(with my then future husband, also a physicist, and me)
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A legacy across continents

Few scientists have had such an extraordinary influence on so many generations
in a foreign country. Wataghin laid the foundations of the Brazilian physics
community.

His legacy lives not only in his scientific contributions, but above all in the
generations of physicists he trained and inspired, and in the institutions he helped
to build.

His students and the students of his students spread throughout Brazil, shaping
the development of physics nationwide.

® Today, Brazilian physicists participate in all major experiments at CERN and
in leading cosmic-ray and astroparticle experiments worldwide.
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Thank you for your attention!
ayxe OsKyto!
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