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New Light on Bruno Rossi’s 1933 Cosmic-Ray
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The recent discovery of new documentation concerning Bruno Benedetto Rossi’s life and
career provides new information about Italian and European cosmic-ray physics during the
1930s. The present article analyses part of this new material, focusing on documents that
allow a thorough reconstruction of Rossi’s scientific expedition to Eritrea, which was a
colony of fascist Italy at the time. We examine Rossi’s scientific practices step-by-step and
highlight the institutional and political endeavors that allowed the expedition to take place.
Discussing the fascist-colonial context of the expedition provides a key tool to understand
the facts reported completely. We also consider the interesting yet forgotten scientific col-
laboration Rossi had on that occasion with Arthur H. Compton.
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Introduction

The fascinating phenomenon of cosmic rays entered debate in the physics com-
munity at the beginning of the twentieth century." Although the official discovery
is commonly attributed to Victor F. Hess (1883-1964) in 1912—he was awarded
the Nobel Prize for it in 1936, along with Carl D. Anderson (1905-1991) for his
discovery of the positron’—various scientists contributed to research and discus-
sion. Recently, historians of physical sciences have become more sensitive about
minor—or sometimes even major yet overlooked—contributions. Consequently,
they have begun to use the term “discovery” with extreme care when discussing
the matter.’

The study of cosmic rays then became a cutting-edge research topic and a new,
independent branch of physics in the 1930s. One of the main actors in this process
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was the Venetian physicist Bruno Benedetto Rossi (1905-1993), who worked at
the University of Florence after graduating in physics there in 1927.* He became
interested in this new radiation when, in 1929, an experiment by Walther W. G.
Bothe (1891-1957) and Werner H. G. Kolhorster (1887-1946) unexpectedly
questioned its nature.” The two German physicists showed that the cosmic radi-
ation they studied in their laboratory seemed to be too penetrating to be
interpreted as stemming from primary* gamma rays, which was the common belief
within the physicists’ community. Gamma rays were the most penetrating radia-
tion known at the time.® A debate ensued, pitting the so-called corpuscular
hypothesis—primary cosmic rays as particles—against the undulatory hypothe-
sis—primary cosmic rays as gamma rays—which had, respectively, Arthur H.
Compton (1892-1962) and Robert A. Millikan (1868-1953) as their major advo-
cates. The debate grew quite quickly, becoming, especially in the U.S., “often
bitter, sometimes influenced by personal prestige questions rather than diverging
scientific opinions.”’

In this frame of enthusiasm and harsh competition within the scientific com-
munity, the young Rossi began to tackle the problem of the nature of cosmic rays,
becoming one of the pioneers in the field. In just a few months, Rossi developed a
coincidence circuit—the future AND logic gate of fundamental use in modern
electronics—that enabled him to improve the effectiveness and precision of the
coincidence method and to look for multiple coincidences beyond the classical
twofold one.® From 1930 to 1932, Rossi exploited this method to address several
issues about cosmic rays. Yet, their nature remained obscure and Rossi eventually
succeeded in clarifying this issue thanks to an expedition to Eritrea—an Italian
colony at the time—undertaken in 1933, a few months after he became professor
at the University of Padua. The expedition represents one of the most intriguing
aspects of Rossi’s Italian career, both from a scientific and socio-political aspect.
Consequently, several historians of physics analyzed the expedition,’ especially its
most noticeable outcomes: the final confirmation of the corpuscular nature of
primary cosmic rays and the first known observation of a phenomenon called
Extensive Air Showers (EAS). This paper intends to go a step further, thanks to a
new primary source about the expedition.

A fortunate discovery has enabled the authors to access a new source of
information about Rossi’s life and career during the 1930s and beyond. Thousands
of documents, letters, pictures, handwritten notes, etc., were found at Rossi’s

* A so-called primary cosmic ray is a ray that comes from outer space and impacts the
Earth’s atmosphere, while the so-called secondary cosmic rays originate from the interaction
of primary cosmic rays with the atmosphere and, depending on the circumstances, reach the
Earth’s surface.
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family house in Venice. The PhD work of one of the authors (LC) currently
focuses on analyzing and organizing this material, which spans Rossi’s entire
Italian academic period (1928-1938); we will refer to it as the Venice Bruno Rossi
Archive (VBRA).*

This paper examines some correspondence Rossi exchanged with Italian and
foreign physicists, as well as with Italian official representatives, but relies mainly
on letters Rossi sent to his mother, Lina Minerbi (1868-1964),** from his depar-
ture for Eritrea to his return to Italy. Rossi wrote to her almost daily, adding as
many details as possible both regarding his everyday life and the technical aspects
of his scientific activity; as a result, they are often quite long, including one of a
staggering 46 pages. A letter found in the VBRA suggests that Rossi himself felt a
strong need to share the most detailed information possible with his loved ones:
“let me live a bit of your life just like I try to let you live mine.”'” This strong link
now provides us with the opportunity to extrapolate scientific and historical
information, which would otherwise have been lost. We specify that, in the present
paper, the term “letter” can have two meanings depending on the source: a single
letter entirely written in a single day, or everything that has been written in a single
day but is part of a larger letter that covers more days. One can remove the
ambiguity for each case by consulting the bibliographical references.

First, we discuss why Rossi needed such an expedition and show that, besides
his own personal research, he also included a successful collaboration with
Compton within the expedition. We will frame this collaboration in the context of
Rossi’s broader international and national connections. We then examine the
organization and preparation of the experimental activity, including the institu-
tional bureaucracy supporting it. This will show that Rossi’s national connections,
both with scientists and politicians, were crucial to setting up the expedition. After
a description of Rossi’s experimental program, the two main sections are dedi-
cated to the new information we uncovered regarding Rossi’s scientific practices
and the unusual setting of the laboratory. The first focuses on general experiments
and findings, while the second examines the issue of extensive air showers (EAS).
We then summarize the major discoveries and consider how the scientific com-
munity received and viewed these results. Last, we analyze the socio-political
context: after a descriptive section about daily life in the colony, we provide a
broader account of the relationship between fascism, science, the Italian press, and
the expedition itself.

* This seems appropriate, although since its donation to the University of Padua has still to
be completed, it is not an official archival source yet.
** She was sister to the famous Italian sculptor Arrigo Minerbi (1881-1960).
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The Need for an Expedition to Eritrea

When Rossi visited Bothe in Berlin in 1930, the latter undertook an expedition
with Kolhorster to the North Sea in search of a dependence of the cosmic-ray
intensity on the geomagnetic latitude.'’ They aimed to determine whether primary
cosmic rays carried an electric charge. In that case, the Earth’s magnetic field
would deflect them near the Equator more than it does near the poles. Although
Bothe and Kolhorster reported a negative outcome for this so-called latitude
effect,'? their research stimulated Rossi’s curiosity about the geomagnetic devia-
tion of cosmic rays.'* Before leaving for the expedition, Bothe informed Rossi that
Carl F. M. Stgrmer (1874-1957) had tried to study aurora borealis by considering
the motion of charged particles in a magnetic dipole.'* Nevertheless, Bothe him-
self was quite skeptical about a direct application of those ideas to cosmic rays
owing to their apparent complexity. Rossi promptly began working on Stgrmer’s
theory and rapidly found the proper way to make it suit his needs." In addition to
providing another theoretical prediction of the latitude effect, Rossi also predicted
the so-called East-West effect: if primary cosmic rays were composed of charged
particles, their trajectories should bend under the effect of the geomagnetic field
according to their charge and energy, thus resulting in an East-West asymmetry. A
greater intensity of cosmic radiation was expected from the East in the case of
prevailing negatively charged particles, or from the West in the case of prevailing
positively charged particles. This new theoretical tool, along with Rossi’s expertise
in the use of counters and the coincidence method, was the key to conceiving an
experimental test for the nature of the primary radiation.

Rossi then built a support—later referred to as the “cosmic-ray telescope”
(figure 1)—in which two Geiger-Miiller counters could be oriented in different
zenith and azimuth directions. Every coincidence would thus correspond to the
passage of a cosmic ray coming from a specific direction, and the study of the
azimuth distribution of cosmic rays appeared as a real experimentum crucis.
However, the first attempt, carried out in Florence in 1931, gave no sign of any
East-West asymmetry.'® Shortly thereafter, Rossi and Enrico Fermi (1901-1954)
co-wrote a paper in which they demonstrated the impossibility of detecting any
effect at Florence’s low latitude and height above sea level.!” Given these con-
straints, Rossi began to organize a scientific expedition to a more suitable place.
He eventually chose the Asmara Plateau in Eritrea, both for logistic and scientific
reasons: the place was a colony of fascist Italy, positioned at an elevation of 2300
meters above sea level and a geomagnetic latitude of 11°30” North. We will see
more about the reasons for this choice in the next sections.
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Fig. 1. The “cosmic-ray telescope” Rossi used in Eritrea. Credit: Giovanni Poleni Museum,
University of Padua

Rossi’s Overlooked Collaboration with Compton and His International
and National Connections

One of the most interesting findings in the VBRA is related to Rossi’s involvement
in Compton’s worldwide series of experiments, which aimed at detecting the lat-
itude effect via ionization chamber measurements. We would like to underline
that, according to Rossi’s autobiography, the American physicist’s interest in
cosmic rays began when he attended the talk Rossi gave at the Nuclear Physics
Conference in Rome in 1931, the first talk Rossi delivered in a wide international
context.'® This is probably one of the reasons why, when Prof. Giovan Battista
Rizzo (1863-1945) of the University of Naples asked Compton to borrow one of
his ionization chambers in November 1932, Compton asked Rossi whether Rizzo
was a trustworthy experimentalist.'” The draft of a letter directed to Compton,
which Rossi luckily kept, arguably answered this request.”’ In that letter, Rossi
informed Compton that the following year, he would also probably make mea-
surements of the geomagnetic influence on cosmic rays with counters in Africa. In
response, Compton confessed that he would prefer to send his chamber to Rossi
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himself rather than to Rizzo, recognizing Rossi’s brilliant experimental capabili-
ties.”! Due to diplomatic issues related to the Consiglio Nazionale delle Ricerche
(CNR),* it was finally decided that Rossi would bring the chamber to Eritrea and
then ship it to Rizzo in Naples, allowing the latter to take some measurements as
well.?? Thanks to the Venetian documents, we can reconstruct the chamber’s
trajectory: it was in possession of the physicist Stefan M. Naudé (1904-1985) in
South Africa at the beginning of 1933 and was then used by Rossi in Eritrea, Rizzo
in Naples and Patrick M. S. Blackett (1897-1974) in London, before being shipped
to the Philippines with “a young American student,”* where we lost track of it.**

Let us also mention another new and noteworthy aspect of Rossi’s corre-
spondence with Compton. After the publication of two works on the East-West
effect in May 1933, one by Compton and Luis V. Alvarez (1911-1988)* and the
other by Thomas H. Johnson (1899-1998) carried out in Mexico City,”® Rossi
wrote to Compton that those experiments were similar to the one he had already
made in Florence and was about to do again in Eritrea,”’ adding that he had also
predicted the East-West effect long before George H. J. E. Lemaitre (1894-1966)
and Manuel S. Vallarta (1899-1977).® Compton, Alvarez, and Johnson had cited
Lemaitre and Vallarta’s work but not Rossi’s paper. Compton apologized for not
knowing about Rossi’s 1930 prediction of the East-West effect or his experiments
in Florence. He suggested that the Italian physicist should publish his future results
in the Physical Review for the whole scientific community to remain acquainted
with his work, not knowing that Rossi had already done so.”” As a matter of fact,
although priority has to be attributed to Rossi, some scholars still refer to the East-
West effect prediction as the “Lemaitre-Vallarta theory,” indicating how little
attention Rossi’s 1930 short letter to the Physical Review™ received.®* As we will
see later, something similar was about to happen with the experimental confir-
mation of the East-West effect.

The discovery of the letters Rossi exchanged with Compton is not an isolated
case in our Venetian source. We found new correspondence with other major
cosmic-ray physicists of the time, such as Bothe and Erich R. A. Regener (1881-
1955). Additionally, in the letters Rossi sent to his mother while abroad, he
mentioned a large number of acquaintances and scientific links he developed
during the 30s. This dense network of international contacts, which will be prop-
erly addressed in further publications, shows once more how crucial scientific
cooperation was—and fortunately still is—to carry out valuable research. Rossi
worked hard to cultivate these relationships, which helped him discuss and deepen

* Founded in 1923, the CNR—literally National Research Council—was and remains a
public research institution designed to coordinate and promote research in both scientific
and technological fields and in the humanities.

** For the sake of precision, we note that Rossi himself used the term “Lemaitre-Vallarta
theory” on many occasions, however, this was in reference to the complete numerical
approximations for the trajectories of charged particles that emerged from their computer
calculations, not the East-West effect alone.
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his knowledge of cosmic rays and related issues. Eventually, it turned out to be a
key aspect not only in his scientific life but also in his personal life: Rossi was to
count on Niels H. D. Bohr (1885-1962), Blackett, Compton, and Hans A. Bethe
(1906-2005) to escape from Italy and settle in the US after the promulgation of the
fascist racial laws in 1938, which expelled him from the University of Padua for
being Jewish.

If international connections were fundamental to Rossi’s life and career,
national links also played a major role. Rossi began his career at the University of
Florence, where he became close friends with his colleagues. They all were, in
turn, in continuous contact with the Rome group headed by Fermi, exchanging
experimental techniques, instrumentation, and ideas. The Florence group worked
on cosmic rays, whereas the Rome group worked on nuclear physics. To cite an
example of their natural collaboration, we recall the already-mentioned paper that
Rossi and Fermi co-wrote.”’ One should also remember the relevance of the
scientific patrons of those groups, Antonio Garbasso (1871-1933) in Florence and
Orso Mario Corbino (1876-1937) in Rome. Each trusted these two young groups
of physicists and offered them scientific, political, and economic support.* As a
consequence, Rossi and the other members of the Florence and Rome groups
enjoyed a somewhat privileged treatment. Indeed, we will see shortly that major
exponents of Italian scientific institutions supported Rossi’s expedition in many
ways.

Organizing and Starting a Scientific Expedition

The first official reference to the expedition seems to be its announcement at the
plenary meeting of the Consiglio Nazionale delle Ricerche (CNR) at the beginning
of March 1933. Still, Rossi had already unofficially mentioned it to Compton in
December 1932 or January 1933, as we deduce from the draft letter to Compton
we referred to above.*” The intention to carry out such an expedition was then
surely reinforced by Rossi’s collaboration with Fermi around the end of 1932.
Moreover, Rossi mentioned that they were preparing the expedition when he was
still in Arcetri. Since Rossi began to work in Padua in December 1932, this con-
firms that the expedition was on his mind before he departed from Florence.
Unfortunately, this delay in starting the expedition would cost him the priority
over the first observation of the East-West effect, made by Compton and Alvarez,
and independently by Johnson in 1933.%

As we said, Rossi’s name was already known nationally and internationally,
thanks in particular to his active participation in the 1931 Nuclear Conference in

* Garbasso was a physicist, a Senator of the Italian Kingdom from 1924, and podestd
(mayor) of Florence in 1924-26; during the fascist regime mayors were directly nominated
by the Government. Similarly, Corbino was a physicist, a Senator from 1920, Minister of
Public Instruction in 1921-22, and Minister of Economy in 1923-24.
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Rome and his affiliation with the Florence group. Such a reputation is confirmed
by the support provided by Guglielmo Marconi (1874-1937) in May 1933.**
Marconi championed Rossi’s case directly to Emilio de Bono (1866-1944), who
was the powerful fascist Minister of Colonies, obtaining political and economic
support from both the Italian and colonial governments.*> Notably, Marconi also
gave De Bono some pieces of practical information concerning the expedition,
explaining that it planned to sail from Naples by May 1933—carrying at least the
instrumentation, if not Rossi’s group as a whole—with Rossi leading it along with
an assistant and a specialized mechanic; the scientists were expected to carry out
their experiments in a wooden hut placed on the roof of a building. From this point
on, dense correspondence ensued between Rossi, the general secretary of the
CNR, Giovanni P. Magrini (1877-1935), the head of the Comitato Nazionale per la
Fisica (CNF, part of CNR) Ugo Bordoni (1884-1952), and the head of the Office
of Studies and Propaganda of the Ministry of the Colonies, Ercole Vellani, which
led to the structure of the forthcoming expedition. Rossi was to sail from Trieste
with the boat Cortellazzo, bringing with him two other scientists, Sergio De
Benedetti (1912-1994) and Ivo Ranzi (1903-1985), and the hut would not be
erected on the roof of a building but somewhere on the ground near Fort Bald-
issera in Asmara.*® At this point, an anonymous engineer, who had lived in Eritrea
and was now part of the Central Office of the State Property in Rome,* sent Rossi
the specifics for the hut’s construction and a detailed sketch of it (figure 2).%” This
reveals how Rossi planned every single detail of the expedition with extreme care,
in collaboration with various Italian scientific and political figures and institutions.

Lots of other practical details were discussed to achieve the expedition, con-
cerning, for instance, the organization of shipping, the content of the boxes to be
shipped, and the possibility of both receiving and sending telegrams to and from
Eritrea. In Rossi’s absence, Professor Giuseppe Andreotti (1881-1954) would be
Director of the Institute pro tempore, and the assistant Angelo Drigo (1907-
1978)** would give lectures on his behalf. However, we would like to point out the
economic difficulties the expedition encountered, as the Italian fascist Govern-
ment seems to have shown more enthusiasm than concrete economic support.*®
This forced Rossi and his assistants to do without some components they initially
intended to purchase for the experiments, and to dip into the already small funds

* We know his forename was Luigi but were unable to deduce his surname from his
signature. Another useful piece of information to identify him is that he was living in Via
Panisperna 78 at the time.

** After graduating in physics at the University of Padua in 1929, Drigo was assistant to
Rossi for several years, closely following his research activity. During this period, his future
wife, Giulia P. Alocco (1910-2003), working there as an assistant in experimental physics. In
1934, Drigo became a professor of experimental physics, and in 1939 succeeded Rossi as
director of the Institute. From 1943 he spent the rest of his career at the University of
Ferrara, of which he was Rector from 1965 to 1972. In 1946, thanks to Enrico Fermi, he was
elected a member of the American Physical Society.



New Light on Bruno Rossi’s 1933 Cosmic-Ray Expedition

Fig. 2. Sketch of the hut sent by the Roman engineer to Bruno Rossi. Credit: Luigi (engineer
with unknown surname), letter to Bruno B. Rossi and attached sketches of the hut, May 29, 1933:
Venice, VBRA

of their institutes.* Because of a legal technicality, the Government did not even
pay Drigo for the eighteen lectures he gave, and asked the University to do so.*’
Such a situation was, unfortunately, quite common in Italy at the time. As Rossi
remembered, back in Florence, he and his colleagues even struggled to pay the
electricity bills of the Institute, and the local provider did not cut their supply only
because of Garbasso’s name.*!

Let us now spend a couple of words on the people who participated in this
expedition. Before asking De Benedetti to join the expedition, Rossi had previ-
ously thought of bringing another of his students with him, Eugenio Curiel (1912—
1945). However, the latter eventually refused, apparently due to an inner conflict
he was experiencing: physics did not fulfill his moral needs anymore, and Curiel
was thinking of switching to a philosophy course.* Rossi was so shocked by
Curiel’s decision that he thought he had failed his mission of instilling a passion for
science, especially in such a remarkable student.*?

As for De Benedetti (figure 3), he began his academic studies in engineering at
the University of Florence in 1929, but eventually changed his mind after Giulio

* Besides this public motivation, Curiel was a convinced antifascist, and would later join the
Communist Party and become a partisan. This strong political commitment left him little
time to study and later teach, and his life ended tragically when he was killed by a group of
camicie nere (blackshirt, the voluntary fascist militia) in Milan on February 24, 1945.
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Fig. 3. Sergio De Benedetti inside the hut that hosted the main experimental apparatus in Asmara.
Credit: Bruno B. Rossi, Momenti nella vitadi uno scienziato, (Bologna: Zanichelli, 1987), 32

Racah (1909-1965), who was graduating in physics, took him to see the experi-
mental physics laboratories at the Institute of Physics in Arcetri*’ So De
Benedetti finished his last years as a pure physics student, and Gilberto Bernardini
(1906-1995)—head of the Institute due to Garbasso’s illness—followed his thesis
project. After returning from Eritrea, De Benedetti worked at the University of
Padua from 1934, spending part of 1935 in Paris at the Curie Laboratories with
Iréne (1897-1956) and Frédéric Joliot-Curie (1900-1958).** During the 1930s, he
worked mainly on experimental techniques for studying radioactivity and posi-
trons. Due to the fascist Racial Laws, De Benedetti emigrated to France in
September 1938. Eventually, in 1940, he made a daring escape to the US. Upon his
arrival, Rossi managed to find a research position for his old friend, who would
then spend the rest of his career and life in the US, working in particle physics.*’
The seeds of the long-lasting friendship between the two men were already present
in Eritrea, where the two spent their spare time together, going on trips in the
surrounding area or playing tennis together.*

As for Ranzi, he was trained as a physicist at the University of Bologna (1925)
and later obtained his teaching qualification in experimental physics during the
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second of two brief periods at the University of Camerino from 1928-29 and 1931-
32.47 In 1933, he was eventually nominated effective assistant at the University of
Bologna, the position he held when the expedition to Eritrea took place. His
interests focused on the study of the recently discovered ionosphere, about which
he planned to perform some measurements near the Equator. We know that Rossi
and Ranzi knew each other personally since their common studies in Bologna.*®
After the expedition, in 1937, Ranzi was at the center of a bad episode of racism
when he said aloud during a seminar in Arcetri that “he smelled the stink of Jews”
in the presence of the physicist Giulio Racah, who left the room in protest.*” What
is most striking is that Ranzi showed gratitude and friendliness—also later on—to
Rossi, who was also Jewish.”” It was indeed commonly known that Ranzi was a
convinced supporter of the Nazi-fascists, and that this feeling of his grew stronger
as the racist component of the two dictatorships became heavier. Consequently,
after the war, he was forced—academically and politically—to move to Argentina,
where he lived from 1948 to 1953. He eventually returned to Florence, where in a
few years he regained most of his teaching positions.

The expedition officially began on August 28, 1933, when the boat Cortellazzo
sailed from Trieste with Rossi, De Benedetti, Ranzi, and all their equipment
onboard.’" On September 7, they made a stop in Port Said, at the entrance of the Suez
Canal, through which they sailed until they finally got to Massawa, Eritrea, two days
later.> Here the Commissario of Massawa welcomed them and, thanks to the support
of the government of the colony, they were given the following aids: a car to reach
Asmara, the capital of Eritrea, where Fort Baldissera was located; a truck to move the
scientific instrumentation—except the fragile one which was moved there by train; a
ticket allowing free movement with the Eritrean railway; three rooms in a local hotel,
as they had to leave Massawa the following morning.”

The following morning, they were greeted at Asmara by Cavaliere Bali and
Commendatore Alberto Pollera (1873-1939), two government officials.* The three
scientists moved to the former’s house as he was to be in Italy with his family for a
while.** There, they temporarily set up a laboratory in a room near the kitchen
and were given a “moretto”*** named Salomone, the best among Pollera’s ser-
vants, who, “for the modest salary of 50 lire per month, keeps our house tidy,
prepares us milk in the morning, cleans our shoes, washes our ordinary linen.”>*
Another one, named Hasfa, was supposed to help them as a drudge for the

* Ball is a term that refers to a particularly high degree within some knightly orders. Pollera
was a military man and anthropologist, director of the government library, and of the Office
of Studies and Propaganda of the Italian government in Eritrea from 1932 to 1936.

** About a month later, the Commendatore eventually came back from Italy earlier than
expected, so they moved to another house, which was also paid for by the government.
Bruno B. Rossi, letter to Lina Minerbi, October 8 and 9, 1933: Venice, VBRA.

#*% We underline that this Italian word, which is the diminutive of the word “moro”
meaning “black man”—etymologically equivalent to the old-fashioned English word
“moor”—has some racial connotations, especially nowadays.
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Fig. 4. Photograph depicting the askari—the indigenous soldiers serving the Italian army in the
colony—building the hut. Credit: Bruno B. Rossi, Momenti nella vita di uno scienziato (Bologna:
Zanichelli, 1987), 32

experiments. Eventually, the Italian scientists undertook a long round of institu-
tional visits. The most important one was paid to General Archimede Mischi
(1885-1970), a regent of the government in the absence of Marquis Riccardo
Astuto dei Duchi Lucchesi (1882-1952), the colonial Governor of Eritrea.
Everyone treated them with great cordiality and deference, behavior which Rossi
noticed was typical in many other fascist colonists.

As previously noted, the position chosen for placing the experiments was Fort
Baldissera, which was situated at an elevated point from which it was possible to
see the whole Asmara Plateau. The hut Rossi had designed with the help of the
already mentioned Roman engineer had already been built at the headquarters of
the military engineering section, according to his instructions, and was ready to be
disassembled and reassembled. The colonial government then assured them that
many soldiers and indigenous people would help set up the laboratory, along with
the necessary infrastructure and electricity for both the experiments and their
homes, all at no cost. Thanks to this help, on Sunday, 17, everything was ready,
with the interior of the hut consisting of a central pole, three small tables, and two
stools, in addition to the instrumentation® (figure 4). During the weekend, they
also socialized with some young officials and a topographer and lieutenant of the
Alpini troops, who helped them locate the geographical and geomagnetic North
relying on the coordinates of the Polar Star received from Padua.”®

Organizing a scientific expedition overseas was not an easy task. Surely, Rossi
was able to obtain sufficient money and political support thanks to his reputation
and Garbasso’s endorsement. Last, but not least, Rossi’s correspondence with
Bordoni, Magrini, and Vellani represents a remarkable example of scientific
diplomatic ability. Rossi effortlessly navigated the complex bureaucracy behind
every aspect of the preparation, both scientific and non-scientific, and obtained
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almost all the results he expected. Furthermore, the choice of the colony of Eritrea
was particularly fortunate, as the colonial government enjoyed relative political
and economic independence from the central Italian government. This resulted in
the expeditioners receiving more support and living in a more relaxed environ-
ment than expected. Everything was finally ready to start experimenting.

The Experimental Program and Apparatus of the Expedition

Three different groups of experiments were carried out in Eritrea. Rossi’s cosmic-
ray experiments were primarily aimed at detecting the East-West effect, although
the apparatus, suitably rearranged, was also used to perform some measurements
of the latitude effect and other aspects of cosmic rays. Ranzi aimed to study the
Heaviside layer near the equator,* whereas the experiment requested by Compton
aimed to obtain further support for the latitude effect. It is useful to outline these
experiments before discussing their actual realization and results.

The first part of Rossi’s experiments dealt with the measurement of the latitude
effect, which he carried out during the boat trip from Italy to Eritrea with the help of a
single Geiger-Miiller counter. For the second part of these experiments, Rossi and his
assistant, De Benedetti, instead used two copies of the cosmic-ray telescope previ-
ously described, one for measuring the East-West effect and the other to measure the
cosmic-ray distribution along the zenith angle. Rossi and De Benedetti also carried
out measurements on the absorption of cosmic rays in lead. Two Geiger-Miiller
counters were placed on a support similar to the telescope, but allowing the insertion
of layers of lead of different thicknesses between them. Their idea was to record the
number of coincidences, hence the number of cosmic rays that triggered both coun-
ters as a function of the lead thickness. Last, they performed measurements related to
cosmic-ray showers, similar to those Rossi had carried out in Arcetri, which brought
them to the so-called Rossi curves, to the discovery of showers in matter and to the
identification of the two main components of cosmic rays.”’ Three counters were
placed beneath layers of lead of adjustable thickness and organized in a triangular
setting with a vertex pointing down. According to their idea, if showers stemmed from
the interaction of cosmic rays with lead, all three counters would be triggered
simultaneously, and a triple coincidence circuit would register such events. For
comparison, another configuration consisted of placing the counters on the same
vertical line. Further information about Rossi’s apparatus and experiments can be
found in their final report in La Ricerca Scientifica.>®

We do not provide more details about Ranzi’s experiment here, as we want to
focus on Rossi’s activity; according to what we have found so far Ranzi’s research
did not give rise to particularly important contributions.>

* It is part of the ionosphere—at the time a hot topic—both due to its recent discovery and
to its ability to reflect radio waves. Indeed, Ranzi’s field of research was the physics of the
atmosphere.
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As for Compton, he had published a series of papers in the Physical Review at
the beginning of the 1930s, in which with other physicists he tried to both improve
the technology of the ionization chambers and use them to verify the latitude
effect.* Before describing the apparatus sent to Italy—and across the world—it is
worth pausing on such improvements, as the idea of the experiment itself partially
stemmed from what he discovered during this upgrading process. At the funda-
mental level, Compton considered the recombination theory to be the actual
theory of ionization. According to it, each cosmic ray interacts with the gas inside
the chamber, causing some electrons to be scattered away from their atoms. The
probability of the electron not going back to its ion and recombining with it—from
which the name of the theory is derived—can be calculated with some suit-
able assumptions. If recombination does not occur, the resulting electrons are then
accelerated by the electric field applied to the chamber, which, if large enough, will
give rise to a Townsend discharge and thus to a more easily detectable current
signal. Other scholars® proposed instead that cosmic rays produced beta rays
through interactions with the steel walls of the chamber. The gas would then
absorb them more easily or not, depending on the value of its pressure alone.
Another important question concerns the relationship between the ionization
current and both the pressure of the gas inside the chamber and its temperature.
Compton’s idea was to compare the predictions for these relations in both theories
to see which one supported the evidence better. To do so, Compton introduced a
standard gamma-ray source composed of approximately 1 mg of radium, which
was left at a fixed position, typically within one meter from the center of the
chamber. Since emitted gamma rays are much less energetic than cosmic rays, the
presence of a proper metallic shield—composed of lead and, in some configura-
tions, combined with a copper shield—could allow only cosmic rays to pass
through. Thus, two different confirmations of the recombination theory were
obtained. The ratio of the ionizing current stemming only from a chosen ionizing
source to that from the same source plus the radium source was independent of the
pressure, which was predicted by both theories; and the ionization current changed
with temperature, which was instead not predicted by the other theory. Further-
more, experimental tests revealed that argon-filled ionization chambers were able
to detect weaker ionization currents, as the gas had a lower recombination speed.

We can now examine the experimental apparatus Compton set up to detect the
latitude effect. It consisted of all the best components that emerged from
Compton’s two years of experimentation: an argon-filled ionization chamber, a
radium source to be put nearby, and other instruments to measure the ratio of the
ionizing current stemming only from cosmic rays to that from cosmic rays plus the
radium source. As previously noted, this was a very efficient way to measure the

* The articles span from 1931 to 1933, and Compton’s collaborators in these works were
Ralph Bennett (1900-1994), Joyce Stearns (1893-1948), and John Hopfield (1891-1953).
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flux of cosmic radiation, as the apparatus was not dependent on temperature or
pressure but only on the effective flux of cosmic rays hitting the chamber.®!

Experimenting and Working in Eritrea

Thus far, details about the experimental practices of the expedition have only been
discussed by the papers published around and after the end of the expedition in
1933-34.°> We focus here on new aspects that have emerged from the letters Rossi
sent to his mother, and frame them in the analysis of cosmic-ray experimental
techniques in the 1930s to deepen our understanding of how Rossi carried out his
experiments and what it was like to work in such an unusual setting.

The first data-taking session regarded a measurement of the latitude effect
using counters. On August 29, the day after their departure by boat, Rossi and his
colleagues reached Fiume—now Croatian Rijeka, at the time part of the Kingdom
of Italy—and they began counting the number of cosmic-ray impulses via a Gei-
ger-Miiller counter, which had been placed in a corner of the navigation cabin.®®
The counter was enclosed in a 7 cm-thick lead shell, which protected it from
environmental radioactivity. The shell was cardanically suspended so that the
counter remained horizontal despite the movements of the boat. After this first
data-taking session in Fiume, a second one was made via an automated mechanical
counter overnight during the trip to the bay of Split, where they spent the whole
day counting. About these measurements, Rossi wrote that “not the vibrations of
the ship, nor the onboard radio seem to disturb the apparatus.”® Leaving the bay,
they left the counter on, and even though they experienced a problem with the
mechanical numerator, they eventually overcame it. As they passed by the Greek
coasts, Rossi noticed that the data seemed to indicate a decreasing intensity of
cosmic rays while moving southward, but nothing definitive.®

We would like to underline the novelty of using counters to perform latitude
effect measurements, as ionization chambers were the only instruments used until
then. Of course, ionization chambers offered more precise flux measurements,
which is one of the reasons why counters were seldom used for the job. However,
as far as we know, no one had actually ever used counters before in this context,
and in the end Rossi’s results with counters agreed very well with those obtained
with Compton’s chamber. It would be interesting to know whether Rossi intended
to perform such a measurement before Compton asked him to work with the
latitude effect, but no indication of this emerged from the documents we have
considered. In any case, Rossi’s idea showed the scientific community another use
of counters in cosmic-ray investigations.

On September 18, Rossi and colleagues could finally begin the first, preliminary
measurements on Eritrean land.°® The two cosmic-ray telescopes were both
positioned inside the hut at Fort Baldissera, and for each of them, the number of
coincidences were recorded through a mechanical counter. The following day,
Rossi already wrote that “although it is premature to talk about definitive results,
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it seems that there is a difference between East and West, and quite a significant
one!”’ After some days of preliminary measurements, Rossi could state with
more confidence that the East-West effect seemed almost certain, so it was time to
move on to the definitive session of data collection.’® Given that Rossi had already
performed different kinds of experiments relying on the coincidence technique, he
was well aware of the fact that statistical fluctuations could occur. This was the
case, for instance, when he worked with Bothe in Berlin, where the experiment
suffered from severe statistical fluctuations, or even malfunctions.®® Thus, the
East-West asymmetry Rossi observed must have been so large from the beginning
that Rossi was naturally led to such strong conclusions. Additionally, during this
initial phase, Rossi made the first observation of what would later be identified as
extensive air showers. Given its importance, we will discuss this aspect in detail in
the following section.

Finally, on September 24, the main measurements began, a couple of days
before Ranzi started his own measurements, which Rossi judged very interesting.
The scientists also unpacked Compton’s instrumentation, aiming to use it as soon
as possible. However, after the first week of October they still needed more
statistics, so they had to postpone some trips they were planning to undertake in
the area.”” Then, on October 11, Rossi reported that they had just finished a series
of measurements with the counters positioned at 45° within the lead shields,
confirming and completing the previous ones. They were about to begin another
series with angles of 30° and 15°. Unfortunately, they did not have enough time to
proceed with more configurations and hoped there would be more occasions to
carry out measurements in the future.* To perform all these measurements, they
had to work for approximately 12 hours a day, from 8 am to 8 pm, replacing one
another and leaving the apparatus alone only during meals. Working with counters
was a time-consuming activity. Unexpected things could happen with the appa-
ratus at any moment, and the relatively little time at their disposal in the colony
left no space for repeating the measurements a second time. Moreover, even
though the effort needed was more mental than physical, the harsh Eritrean
weather conditions also made their job physically challenging. Additionally, a
routine life made it even harder for Rossi to enjoy his Eritrean stay, as he
described a typical week with just a few ironic lines:

Monday: the day before the mail arrives
Tuesday: the day the mail arrives
Wednesday: the day the mail leaves
Thursday: the day we eat an appetizer
Friday: the day they fire the cannon

* Both in correspondence and other materials we found information about a scientific
center to be permanently established at Asmara, which we discuss later in this paper. Rossi
thought that if the CNR was indeed planning to establish an Institute there, with Ranzi as
director, he might conduct further investigations in the future.



New Light on Bruno Rossi’s 1933 Cosmic-Ray Expedition

Saturday: the day of the cinema premiere

Sunday: the day they fire the cannon and we eat an appetizer.”!

From time to time, Rossi also wrote a few words about his companions, De
Benedetti and Ranzi. After the first weeks of work, he told his mother that,
concerning possible scientific results, he would like to proceed in a just way.”
Rossi would publish the essential parts alone while leaving something to De
Benedetti. As for Ranzi, he thought that some thanks should be enough, given that
he was going to take measurements on his own. A month later, Rossi devoted a
few words to these collaborations, starting with De Benedetti: “he is a very smart
guy; and he is also very conscientious in the experiments, to the point that I think I
can trust him completely. We often discuss the subject of our research together,
and I see that he has understood and assimilated the problem well. I hope to be
able to find him a place in Padua because I am convinced that he will be suc-
cessful.””® Indeed, De Benedetti would work as an assistant to Rossi in Padua after
their return to Italy. Instead, Rossi wrote quite differently about Ranzi: “he is a
good companion too; but perhaps a little asleep, and he certainly does not have the
mastery, which De Benedetti has now conquered. Therefore, I try to get help from
De Benedetti more than from him, also to leave him time to carry out his
experiments, which are, after all, very interesting.”’* Ranzi was certainly not an
expert in cosmic rays, and among the letters he sent to Rossi before the expedition,
he did not refer to any attempt to learn to work with counters.

Back to the experiments, Rossi then seems to have followed a suggestion he
read in his brother Giorgio’s letters to measure the asymmetry at different zenith
angles, declaring he intended to perform measurements at 15° and 60° as well,
having completed those at 45° and 30°. However, it is not clear whether Rossi took
his brother’s suggestions seriously or just wanted to please him. Rossi had two
younger twin brothers, Giorgio (1909-1967) and Ruggero (1909-1993), to whom
he was very attached; his letters often explained his scientific activities to them.
But they were still young students at this time and as far as we can deduce from the
correspondence did not yet possess an advanced knowledge of modern physics.
Therefore, it is likely Rossi simply wanted to make his beloved brothers feel as if
they were part of his scientific adventure. The fact that he had already mentioned
his intention to perform a measurement at 15° further supports our guess.

It was then time to set up Compton’s instrumentation but, as Rossi said, “the
experiments are always going well; only Compton’s apparatus keeps driving us
crazy.””® The problem was solved in two days, as he stated: “I think that, finally, it
works discreetly and we want to take advantage of this to get rid of this concern,””®
words that show it was not their favorite activity. The apparatus was positioned
inside a small military tent (figure 5)—it was so small that it was not possible to
stand inside it—at a certain distance from the hut, so that the radium could not
disturb the other detectors.”” The tent was necessary not only to protect the
apparatus from direct solar radiation or rain but also from the red sand that would
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Fig. 5. Rossi (left) and Ranzi (right) with the hut that hosted Compton’s experiment. The
photographer was De Benedetti, whose shadow is clearly visible. Credit: VBRA

have coated it in a few minutes. Concerning the peculiar conditions in which they
had to perform their experiments, Rossi commented that all in all, they almost felt
like heroes from a Salgari or Verne novel. After their measurements, they
intended to move the apparatus to Massawa approximately one week later, so that
Ranzi could perform other measurements there. Instead, just three days later, the
first data collection with Compton’s apparatus was performed, so Ranzi moved it
to Massawa to perform the second set of measurements.

The rapidity with which they acquired the data with the chamber might indicate
that after the first problems in setting up the apparatus, it was quite easy to use.
Indeed, for years, ionization chambers had taken over a large portion of physical
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surveys in many fields, such as radioactivity, nuclear physics, and, of course, cosmic
rays. This particular chamber was, in addition, even a specialized and perfected
version. However, the ionization chamber method—which had led to the very
discovery of cosmic rays at the beginning of the twentieth century—was almost at
the end of its 30-year service to the study of this once-new kind of radiation. The
fact that both an ionization chamber and a counter were used during a single
expedition for the same goal, namely, measuring the latitude effect, makes Rossi’s
survey a paradigmatic example of the passing of the baton in favor of the new and
versatile electronic methods.*

At the end of October, Rossi and De Benedetti completed the main experi-
ments concerning the influence of the Earth’s magnetic field, obtaining, according
to Rossi, excellent results.”® Then, during the first days of November, the expe-
dition was approaching its end, so Rossi and colleagues were very busy concluding
their experiments.

In that period, an unexpected discovery intrigued and excited Rossi: Ranzi had
likely found extensive deposits of radioactive minerals in the Massawa region.”” At
first, he and Rossi tried to analyze a sample kept at the local Mining Institute,
bringing it close to the counters, whose impulses began to increase. Therefore,
when Ranzi went to Massawa to carry out measurements with Compton’s appa-
ratus, he also visited the mine from which the sample came, finding that the
mineral was largely present there. They argued that radium was responsible for
such radioactivity. Yet, further analysis in Italy was necessary to determine whe-
ther this was the case and, more importantly, if the concentration was high enough
to justify a hypothetical extraction project. Rossi prayed his mother not to tell
anyone about this, as the CNR had not been informed yet. A week later, Ranzi
returned from Massawa, satisfied that the radioactive material had turned out to
be quite abundant.** He thus announced the discovery to the government and
Rossi wrote about it to the CNR. The Governor seemed very interested in the
question and was also favorable to establishing a geophysical station that would
also work on this (we will address this possibility in a later section). “However, it
does not seem that he can or wants to put some money out,”® Rossi commented.
As far as we know, no such extraction project ever took place, even though some
newspapers echoed the news.*> We hope further research on the matter could
clarify this aspect, as radium was already an inestimable resource and would thus
have probably had no little impact on the Italian economy. Therefore, we argue
that it might not have been radium, or that the concentration was not high enough,
or maybe political or bureaucratic issues precluded this possibility. The first

* With electronic methods, we refer to those experimental methods that employed counters
and, consequently, the related electronics needed to work with them, specifically registering
manifold coincidences and, starting from a few years later, anticoincidences too. One may
notice that cloud chambers played a major role in 1930s cosmic-ray physics as well, yet in
this article we just focus on what Peter Galison has classified as the logic tradition rather
than the image tradition (see ref. 97).
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hypothesis would imply that Rossi and Ranzi were not able to distinguish the
radiation coming from a known radioactive emitter, but they were working with a
radium source in those very days, and Rossi had already handled radioactive
sources before.* Indeed, Rossi was quite sure it was radium and hoped that
further analysis in Italy with the sample Ranzi had taken could confirm a high
concentration.**

After collecting all the desired data, the experimental part of the expedition
finally ended. Ranzi left on November 15, before Rossi and De Benedetti, as he
did not want to lengthen his trip back to Italy.®> Furthermore, a couple of trunks
with some of their personal belongings and the boxes with all the materials would
be shipped in advance. Once in Italy, Rossi’s mother would collect the trunks,
whereas Angelo Drigo would take care of the boxes and bring them to Padua. As
we will see in the following sections, Rossi and the Benedetti then enjoyed some
trips on their way back. Eventually, on his last full day in Asmara, Rossi com-
mented, “This has truly been an exhausting week,”®® which emphasizes the great
effort needed during their last week of work: general preparations, letters, farewell
visits, and packing the material to be shipped.*

Throughout the expedition, Rossi also tried to work on theoretical calculations
concerning the experiments, but, as one can imagine, he did not have enough time
to do much more than look after the apparatus. Indeed, at some point, he com-
plained about not having time to look “at the handouts, nor at that famous French
monograph.”” However, although communication with Europe was difficult, he
managed to keep in contact with some friends and colleagues from Germany and
Paris, such as Maurice de Broglie (1875-1960),** about whom he said, “I have
written instead a nice letter to Duke De Broglie, praying him to wait a little longer.
Let’s hope that he won’t send me to hell!”® For the moment, we do not know what
they were discussing in those letters, nor the content of the material Rossi referred
to. In addition, toward the end of the expedition, Rossi completed and sent to
Padua the second part of the electrostatics notes to be used to carry on his course
in his absence. These new pieces of information show how hard-working Rossi
was, how he wanted to keep up to date with what was happening in Europe, and
how much he cared about his teaching duties.

As a concluding remark on the scientific activity in Eritrea, it is interesting to
observe that during those months, Rossi had grown attached to the place and to

* The letters from November 14 to 26 are missing for some reason.

** Not to be confused with his younger and more famous brother Louis de Broglie (1892—
1987), who was a prominent figure in the development of quantum mechanics. Maurice
instead worked mainly in the field of X-ray diffraction and spectroscopy. At the end of 1932
Rossi stayed at Maurice De Broglie’s private laboratory in Paris, where he also became
friends with Louis Leprince-Ringuet (1901-2000) and Pierre Auger. Thanks to some new
material found in Venice concerning Rossi’s French stay and other scientific trips during the
1930s, we are looking forward to publishing more about Rossi’s links with the international
physical community.
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Fig. 6. A smiling Rossi photographed from what is likely to be Fort Baldissera—it was at an
elevated point relative to the surrounding area, and he is wearing his working clothes. Credit:
VBRA

the physical laboratory he and his colleagues had set up in such an unusual
environment. “We have now become authentic ‘Asmarians’,”®® Rossi stated as he
and his colleagues had been in Asmara for almost one month. Furthermore, before
departing, he wrote to his mother: “I confess that, when we dismantled our
equipment, I realized that little by little I had become fond of our improvised
laboratory on the Baldissera fort; and I thought with some regret that I would
probably not see again that strange panorama of red geometrically cut hills, which,
at sunset, according to their distance, turn to a more or less intense color, forming
like a fantastic scenery (Fig. 6).”%

The First Observation of Extensive Air Showers (EAS)

In this section, we want to stress the importance of one specific observation Rossi
made in Eritrea, namely the first observation of the so-called extensive air showers
(EAS), the other main achievement of the expedition, although confirmation of
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the existence of the EAS would take time. Let us now reconstruct this interesting
case of serendipity.

Shortly after the first data-taking session began, Rossi noted that the apparatus
was not working well, as he wrote: “I am not, truly, completely satisfied with the
functioning of the apparatus; it shows some phenomena which I cannot explain
well yet and which I do not know whether they depend on the peculiar environ-
mental conditions or on some modification suffered by the instruments during the
trip.””! Yet, he was hopeful it would not be a problem for the measurements. Just a
few days later, Rossi returned to the issue. However, he left the question open as
he thought it could also stem from a new and unknown phenomenon.”” For the
moment, he thought it was more likely to be a malfunction.

For an entire month, Rossi did not talk about it, but then he came back to it and
commented: “as for those disorders, which we had noticed from the beginning, we
are now studying their cause. Nothing can be said for sure yet, but it could be that
they were due to a new phenomenon, and precisely from very thick showers of
corpuscles, which would arrive on the apparatus from time to time. It would be of
the greatest importance to establish with certainty this effect; but I do not know if
the little time, which I still have at my disposal, will be sufficient for this pur-
pose.”? Along with this, he pointed out the presence of an unusually large number
of low-energy corpuscles.*

Around the end of the experiments, Rossi wrote one last time about the dis-
orders: “it would seem that this disturbance was not a disturbance but that it
concealed a new phenomenon; I do not know, however, if I will venture to
announce it, given the little time I had at my disposal to study it.””* Usually of a
mild temper, Rossi did not rush to conclusions and only published a brief
“osservazione” at the end of the scientific report in La Ricerca Scientifica: “it would
therefore seem [...] that from time to time very extensive showers of corpuscles
arrived on the apparatus, something which determined coincidences between
counters even quite far apart from each other.”” He then declared that he did not
have enough time to address the question properly, thus further experiments were
needed. Rossi himself considered this observation less interesting than Ranzi’s
discovery of the radioactive mineral, so it is not surprising that he did not talk
about it at length.

This was probably the first time a physicist noticed the presence of EAS, or at
least the first time a possible interpretation of the phenomenon was proposed.
Showers were already known to occur in condensed matter, typically metals, but
no one had ever thought of showers in air. Surprisingly enough, Rossi’s guess
would turn out to be correct. The official discovery of EAS is commonly attributed

* Although Rossi referred only briefly to this aspect, we argue that this excess of low-energy
corpuscles was related to Asmara’s high elevation. At those elevations, the so-called elec-
tromagnetic component—electrons, positrons, and photons of relatively low energy—of
EAS is still quite present, before being absorbed by further penetrating the atmosphere.
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to Pierre V. Auger (1899-1993) in collaboration with P. Ehrenfest, R. Maze, J.
Daudin and Robley A. Fréon, who published their conclusions in 1939.°° An
important point we want to stress is that Rossi did not observe EAS by chance or,
even worse, unknowingly, as has sometimes been said. The Eritrean letters con-
firm that Rossi observed something unexpected and that he tried to figure out
what was happening for more than a month. During this time, he ruled out the
possibility of it being a malfunction and began to study this new phenomenon.
Unfortunately, he lacked the time to gather more data and draw stronger con-
clusions. Although not a full discovery, we think Rossi’s “osservazione” should
now be regarded as the first attempt to address EAS.

In general, the importance of this phenomenon primarily lies in the huge
amount of new physical ideas that were needed to understand why EAS occurred
and their behavior. For instance, their discovery supported the quantum electro-
dynamical models for the energy loss of charged particles, which had been
accepted only a few years before, after a long discussion.”” Even more interest-
ingly, in the 1930s, physicists still ignored the existence of pions and kaons, families
of charged and uncharged particles that are crucial for EAS formation.* There-
fore, these showers both needed and prompted new strands of research.

As for Rossi, after World War II, he dedicated a big portion of his activity at
MIT to EAS surveys, and his group would eventually bring impactful contribu-
tions to their study.” One may argue that Rossi could have continued to work on
this phenomenon in Padua. However, we recall that, during his Paduan period,
Rossi had less time for research than before, as he had to follow the construction
of the new Institute and his teaching duties. Rossi himself described that period as
less productive.” Thus, it is very likely he just had no time for such an addition to
his experimental activity. Moreover, as we mentioned, he was eventually removed
from his position in Padua due to the fascist racial laws and escaped from Italy in
1938, tragically and prematurely ending his Italian career.

Rossi’s Scientific Papers Published After the Expedition and Their Reception

We have already anticipated that the main achievement of the expedition was a
final confirmation of the nature of cosmic rays, along with other contributions. Let
us now consider how the news was published and spread among the scientific
community, and the impact it had.

On October 3, 1933, Rossi informed his mother that he had received some
unexpected compliments from his uncles about the expedition. He thought that
the CNR may have inflated and diffused the information he had communicated to
them.'™ An article had indeed been published a few days before in La Ricerca
Scientifica, the journal of the CNR, but it only reported Rossi and Ranzi’s

* They were all discovered at the end of the 1940s, first as observations in cosmic rays, then
produced via accelerators.
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telegrams without any comments.'”! In his telegram, Rossi had explicitly written
that he had obtained a value of 1.1640.025 for the ratio between the intensity of
cosmic rays from the West and the East, concluding that the result is “consistent
with what one must expect in the case of a positively charged corpuscular radia-
tion.”'*® The press likely interpreted these words as the discovery of the East-West
effect and the Corriere della Sera—one of the main national newspapers in Italy,
still today—published an article announcing the discovery.'” So, although Rossi
only intended to provide the CNR with his partial results, someone seems to have
ignored the possibility that the experiments still needed more statistics before
becoming reliable enough to support a conclusive claim. Luckily, the final results
would still lead to the same conclusions. As a matter of fact, we already underlined
how Rossi himself was astonished by the intensity of the East-West effect right
after the initial observations.

Then, on November 25, Rossi sent his data, along with a brief note, to the CNR,
which published them in La Ricerca Scientifica as a preliminary report.'®* Rossi
pointed out all the main findings and anticipated a forthcoming more compre-
hensive publication. Finally, in April 1934, Rossi, De Benedetti, and Ranzi
published their complete results in La Ricerca Scientifica.'™ Let us examine this
paper to show how the expedition brought unprecedented findings. Almost all the
results about cosmic rays were obtained by removing their soft component—later
to be identified with electrons, positrons, and photons—via lead and brass
shielding; hence, the effects we are about to consider refer to the hard compo-
nent—Iater to be identified with muons—except for one experiment.

Although Rossi’s work on the East-West effect was at the time considered only
a confirmation of Compton and Alvarez’s and Johnson’s results—and is sometimes
still regarded as such today—it should be stressed that it was the first experiment
that concluded that primary cosmic rays were made up of a majority of positively
charged particles. According to both previous experiments—Rossi often recalled
this aspect—the scenario in which a major part of cosmic rays was electrically
neutral could not be ruled out definitively. Indeed, Compton and Alvarez’s results
still permitted about 87% of observed cosmic rays to originate from primary
gamma rays. Therefore, they demonstrated the existence of an East-West effect,
but only Rossi measured it with enough precision. This enabled Rossi to exploit
his own results as an experimentum crucis on the nature of primary cosmic rays,
and not just on the nature of a small portion of them. In fact, the possibility of
performing an experiment like this was what had made him work on and suc-
cessfully theorize the East-West effect in 1930.

Two other experiments involved an absorption measurement in lead and in air,
and the repetition of the Arcetri experiment on showers in matter, which we have
already mentioned. In the first, De Benedetti—since this part was published under
his name alone—tried to compare the absorption in lead with the zenith intensity
measurements, detecting two incompatible trends. According to Rossi and De
Benedetti’s idea, a straightforward dependence was expected since the larger the
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Fig. 7. The map Compton published on the state of his worldwide survey up to 1935. One can see
a solid dot—representing a measurement made by or on behalf of Compton—exactly where
Asmara is. Credit: Arthur H. Compton, “Recent Developments in Cosmic Rays”, Review of
Scientific Instruments, T (1936), 73

zenith angle is, the longer the distance traveled by cosmic rays in air. This may be
one of the first times that physicists began to face that it is not the same to consider
equivalent thicknesses of different materials as similarly behaving absorbers for
radiation. De Benedetti proposed several motivations, but he could not imagine
that more complex mechanisms governed the absorption of cosmic rays in the
atmosphere.* In the second, Arcetri-type experiment, he observed the same trend
registered in Arcetri and later in Padua—this latter result is directly reported in
the Eritrean final report—with the only difference being that the number of
coincidences was much greater than in Italy because of the generally greater
intensity of cosmic rays at that height.

As we mentioned, Rossi only dedicated a brief “osservazione” to EAS. The
international community was probably too focused on the East-West effect and
not ready to address a phenomenon that had not even been theorized. However,
the fact that the phenomenon was mentioned in a short notice at the end of a long
report might certainly have influenced its reception. Most noticeably, this part was
only present in the article in La Ricerca Scientifica and not in the article in the
Physical Review, which we will examine next. This may be due to Rossi not
wanting a mere supposition to be published in an internationally renowned jour-
nal. In any case, the news did not echo, and no physicist tried to reproduce the
same measurement for a few years.

* Besides the same interactions that lead to the formation of EAS, they also lacked a
reasonable model of the atmosphere, which represents a non-trivial task even today.
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Lastly, the latitude measurements confirmed the effect. The experiment with
counters revealed a progressive attenuation of cosmic-ray intensity as they moved
southward. Similarly, Compton’s ionization chamber provided data compatible
with the worldwide survey, which was, at the time, still being completed. We can
allegedly see Rossi’s data in the map presented by Compton in one of his sum-up
articles (figure 7).'% Rossi informed Compton about the results obtained with his
apparatus in a letter dated November 25.!” Furthermore, he wrote to the
American physicist that the measurements concerning the East-West effect were
compatible with those made in Mexico City. Compton proposed that Rossi publish
his results in the Physical Review, so Rossi also sent him some of the notes he and
De Benedetti had written,* asking him to submit them to the journal.'®® In a
postscript to the publication, Rossi added that the latitude effect measurements he
made with counters—the ones obtained during the boat from Italy—gave positive
results, too. Since Rossi only added this information in the postscript, we argue
that Compton was not aware of this experiment, which makes it likely this was an
idea Rossi came up with.

Life in the Colony

As we already mentioned, the letters Rossi sent from Eritrea provide several
descriptions of the colonial environment in which the three scientists lived for
about three months. Though not directly connected to their scientific activities,
these descriptions can help us better understand the social, political, and economic
context in which the expedition took place.

Let’s recall that from its founding in 1861, the Kingdom of Italy and its gov-
ernments aimed to acquire territories in Africa and Southeast Asia. However,
control over these areas only began in 1882. Initially, there was a small economic
zone controlled by Italy in Eritrea. Within two years, Italians captured the port of
Massawa, starting a process that by 1890 resulted in Eritrea becoming Italy’s first
colony. By 1933, the year of Rossi’s expedition, Italian colonial expansion had
incorporated Eritrea (1882), Somalia (1890), Libya (1911), the islands of the
Dodecanese (1912), and the small Chinese concessions of Tientsin (1901).

Italian colonialism was partially founded, like almost every other colonialism of
the time, on a profound racism toward Africans, who were not considered com-
pletely human like white people. Abuse, oppression, and subjugation were the
favored weapons to keep the local population under control. Indigenous people
were thus not allowed to occupy administrative positions, except in some rare
instances and mainly in small villages that were not directly connected to colonial
representatives. Manual work and servitude to white people were the usual

* They are probably the same English notes Rossi was working on at the beginning of
November. He talks about them in Bruno B. Rossi, letter to Lina Minerbi, November 6 and
7, 1933: Venice, VBRA.
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occupations in big cities like Asmara. Furthermore, from 1922 to 1943, fascism
started ruling Italy; if fascists were used to treat some categories of Italian people,
like political opponents, with threats and harassment, the indigenous people
received no better treatment.

Rossi and De Benedetti’s comments about the colonists and the colony, along
with interesting considerations about racist issues, depict a desolate setting that
confirms and extends what we just said about Italian colonialism. Rossi’s letters
allow us to see the colony from the perspective of someone who viewed it for the
first time.

During the first experimental session, Rossi and De Benedetti began to criticize
the colonists and their behavior, starting with the Governor himself. The first time
he visited them, he seemed interested and polite, and, although he asked them
about their research, according to Rossi, he just pretended to understand it. Rossi
then added, “We, in confidence, found that he was a little more stuck up than
necessary; but De Bendetti says that he is paid on purpose for it; and on the other
hand, in the colony all people, as soon as they arrive, become ‘great people’, even
the last scribe.”'”” Mischi seemed to be the only exception, given his kindness and
intelligence. Instead, everyone else kept asking them, in Rossi’s words, stupid
questions about their scientific work, so that Rossi said, “At all times I must use all
my goodwill to hold back a snicker.”"'” He ended this critique by saying that he
would never live there, describing Asmara as “the meanest and gossipiest
provincial town I have ever seen,”'!! where there was no support even among the
same social class, so it seemed like “the colony is made for those who need to feel
like great men (if only in front of these poor negros), while at home they would be
humble strangers, whom no one greets on the street.”''? Yet he specifies that these
comments did not apply to business owners or to people who studied the area, just
to colonists. Let us briefly recall that De Benedetti was a convinced anti-fascist,
while Rossi was more detached from politics.

Concerning the issue of racism, we can see that as time went by, Rossi devel-
oped a growing awareness of the lack of difference between white people and
indigenous people. He started by writing:

What we still feel a little awkward about is our relationships with the indigenous
people. Having to address them informally, even if they wear a uniform full of
chevrons like a general, having to always treat them from top to bottom, and
having to speak to them with an air of superiority and sufficiency, costs us
enormous effort, and it is not uncommon for us to involuntarily break these
rules, which are strictly observed by everyone here. And very often we ask
ourselves to what extent these people are similar to us; it is a fact that many can
read and write, some are typists, others drive cars, etc., but many times they
seem to me more like trained animals than humans. And this is also terribly
embarrassing. Are there thoughts in their brains, worries similar to ours? Are
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Fig. 8. A photograph of the indigenous people that Rossi took while on his trips outside Asmara.
Credit: Bruno B. Rossi, Momenti nella vita di uno scienziato (Bologna: Zanichelli, 1987), 32

they capable of experiencing feelings other than those which are also typical of
animals, such as love for their children or attachment to their owner?''3

So shocking today, such racist preconceptions were deep-rooted within developed
countries at that time, but it is interesting to see how a scientist like Rossi was
interested in observing the surrounding environment to rationally question these
preconceptions. Indeed, he suggested that further information should be collected
in the countryside outside Asmara, where it was more likely to find indigenous
people living their original life than in Asmara, where indigenous people lived in
close touch with Europeans.

While in Eritrea, Rossi and De Bendetti also took part in Jewish New Year’s
Eve celebrations.''* Since Rossi had to reassure his mother that, if necessary, he
would stay on the sidelines, it seems there were issues with Jewish people in the
colonies. Some people informed Rossi that the Italian government treated Jewish
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people not as citizens, but as the indigenous people. As we expected, these letters
confirm that in the colony, minorities, both religious and ethnic ones, were treated
even worse than in Italy.

Let us add that Rossi and his colleagues’ lives in the colony were not only
focused on the experiments. From about October 12, Rossi finally began to have
some free time to wander around the surroundings of Asmara with De Benedetti
(figure 8).''> They first visited Basciaul, the indigenous city. Then Professor
Rolando Guidotti, the chief of the Eritrean Agricultural Office, showed them the
experimental cultures, which Rossi found very interesting. Then, on October 23,
Rossi and De Bendetti went by car to the Western lands up to Cheren with the
Commissario Mosconi, one of the Government Directors, a sort of Minister of the
Colonial Government.''® First, they visited the Elabaret Concession hosted by
Pietro Casciani (1869-1942), whose hospitality was recognized throughout Eritrea.
Then they arrived in Cheren, where they were shown around by the Commissario
of the city. In those days, Rossi showed his growing interest in exploring the
surroundings by saying that “in nothing like traveling, appetite comes by eating:
the more you see, the more you learn to see and the more you want to see. I, for
example, on each new trip find myself enjoying and understanding more and more
about the country, its people, their customs.”''” On one of the last trips in
November, Mosconi brought Rossi to the Eastern Concessions.''® There, they
were hosted in the Matteoda Concession by Carlo Matteoda’s wife, a woman of
exceptional activity and energy who owned the coffee production business—the
strongest of the whole colony—started by her husband, a lawyer, before he was
expelled from Eritrea. Many men probably feared the mixture of intelligence,
influence, and stubbornness that she embodied, and some even called her “our
sweet torment.”' ! The trip was pleasant, and on the way back, they also visited a
recently opened gold mine.

Since the present article does not focus on the socio-historical aspect of the
correspondence, we will just point out how thoroughly Rossi described all these
trips to exotic places. Overall, he enjoyed and learned much more than just sci-
entific abilities. His last, quite long, letter to his mother reports what happened
from their departure, on November 27, to a few days before they arrived in
Venice, which should have occurred on December 19.12° Here, Rossi described the
trips he undertook during the return journey. At the end of his stay, he fully
recognized the incomparable charm of the African lands where he had spent more
than two months. He wrote: “For the first time, we felt irresistibly taken by the
charm of these tropical countries, in which the human spirit is completely subju-
gated by the power, I would almost say by the arrogance of Nature. In every
manifestation of it, you feel a breath so broad, so solemn, that in our places, with
our domesticated nature, we cannot even imagine it.”'*!

Finally, as already mentioned, we underline that the three physicists enjoyed a
sort of privileged treatment in the colony. They did not pay for their accommo-
dation, which they considered very good, nor for the infrastructure needed for the
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experiments. It appears that their whole stay suffered no economic problems at all
and that they received a generous amount of subsistence expenses. At the
beginning of November, Rossi even had so much money left that he and De
Benedetti were able to arrange the trips they made while returning to Italy without
any problem.'?” This claim is also supported by the fact that De Benedetti ran out
of the money he had received for the expedition in July 1935, while he was
spending some months at the Curie Laboratories in Paris."** We therefore notice a
substantial difference between the Italian and the colonial government: as we
already said, when the expedition was about to start, Rossi and colleagues expe-
rienced economic difficulties, which, for instance, forced them to do without some
scientific equipment. On the other hand, in Eritrea, the local government provided
them with free accommodation, free travel tickets, free help from indigenous
people for their experiments, and many other services.

Fascism, Science, and Mass Media: The Eritrea Expedition as a Case Study

The complex and often unstable relationship between science and fascism has still
to be extensively addressed.'* We would only like to recall that, on the one hand,
the Regime was aware that science was a competitive field with other nations; thus,
it was interested in showcasing and valorizing every Italian scientific achievement.
On the other hand, the Regime itself was reluctant to fund research, especially
when it came to pure rather than applied research. During the Ventennio, Italy
experienced a flourishing of national science, followed by a disruptive ending,
which culminated in the promulgation of the racial laws in October 1938 and the
outbreak of World War II. A big portion of Italian scientists were then swept
away, leading to an abrupt interruption of research throughout the nation. Con-
cerning physical research, this led to “the disaster of physics in Italy,” as Edoardo
Amaldi (1908-1989) put it,"*> and it took many years and great efforts to restore
part of its glorious past after the war.

Rossi’s scientific activity in Italy was no exception, as it followed exactly these
same steps. During the 1930s, he behaved just like a good fascist scientist was
supposed to do. On December 31, 1932, he got his Fascist Party membership
card,'”® and never declined to swear allegiance to fascism whenever required by
law. He had regular and friendly contacts with members of the Royal Academy of
Italy—the fascist national scientific academy—and with other major institutions,
both scientific and political. All in all, he was no political person at the time, and it
was only his wife, Nora Lombroso (1914-2009),* who brought the ongoing polit-
ical issues to his attention and tried to make him aware of the risks Jewish people

* A granddaughter of Cesare Lombroso (1835-1909), Nora Lombroso married Rossi in
April 1938. At the time, the Lombroso family was also known for its strong anti-fascist
feelings. Due to this, they had been forced to live in Sicily, a place the Regime considered
isolated enough to keep political opponents away from Rome.
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like them were running. In this section, we present the new information that
emerged from the VBRA about the fascist context in which the expedition took
place. We first consider the interest the Regime and its press had in promoting
national science, and then the expansionist ambitions of the CNR overseas.

As we mentioned, the Italian fascist government exploited the results Italian
scientists obtained to showcase its scientific superiority. This was true not only on
an international level, but also inside the country. Indeed, the government-con-
trolled press continuously shared propagandistic news to convince citizens that
everything was working splendidly. This was also the case with the expedition to
Eritrea. Among the correspondence, we found a letter Bordoni sent to Rossi in
July 1933, in which he asked Rossi to write some notes “in a fairly elementary
language, or, at least, understandable to people of medium culture.”'?” The
Government intended to use that material for La Ricerca Scientifica and articles
directed to the general public in national newspapers. Bordoni specified that
information on why they wanted to undertake the expedition, why they chose
Asmara, and the results they intended to obtain was needed in particular. He also
asked Rossi to cite stratospheric observations and the possible precise measure-
ments that they might obtain.* Most importantly, Bordoni stressed multiple times
that the request came from the Press Office of the Council Presidency, one of the
closest offices to Mussolini.

The newspapers published numerous articles about the expedition. Thanks to
the people who preserved them at Rossi’s family house in Venice—probably his
mother and his brothers—we can say that at least twenty-one articles appeared in
local and national newspapers from August 1933 to January 1934.'*® Nine of these
were published on the famous Italian newspaper Corriere della Sera, covering
every step of the expedition from its start to the final results. Steeped in pompous
fascist rhetoric, these columns depicted the expeditioners and their studies as the
enthusiastic adventure of some Italian scientists who were bound to unveil the
mysteries of cosmic rays. Three of those articles featured interviews with Rossi
himself.'*” Quite clearly, the government exploited the expedition as a propa-
ganda move aimed at glorifying Italian science.

We already saw that in one of his letters Rossi explicitly referred to an article
the Corriere della Sera published on September 30 1933, which he found exag-
gerated for claiming that Rossi had already confirmed the East-West effect.'*
Rossi also complained about an article published about his research in L’[llus-
trazione Italiana,”>" underlining “there are several blunders! But it’s pointless,
nobody understands cosmic rays!”'*? Although the author of this article was the
engineer and reporter Tommaso Jervis (1872-1950), who wrote popular science
articles and books, there were indeed several mistakes. To cite a few, Jervis

* Stratospheric observations were still a hot topic in cosmic-ray physics. However, the
government likely wanted to astonish people with references to the challenging and heroic
stratospheric flights.
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reported a misleading narrative of the discovery of cosmic rays, that photons had
mass, that Millikan’s ideas were still valuable, and that no privileged arrival
direction for cosmic rays had been observed.

Several articles published from August to September 1933 contain references to
a series of projects the CNR intended to run for the study of cosmic rays, showing
an interest that led the institution to support the Eritrean expedition. Since 1930,
the CNR had planned to perform measurements with a submarine—at depths
beyond 600 meters—and with a stratospheric balloon as well. They eventually
changed their mind and opted for geomagnetic measurements near the Equator,
most likely due to Rossi’s suggestion.'*> Another crucial piece of information that
emerged from those articles is that Rossi’s expedition was also meant to evaluate
whether a permanent scientific observatory could be installed in Asmara.'** Fur-
ther confirmation of this fact comes from a letter Rossi wrote to a professor at the
University of Padua—most probably the Rector Carlo Anti (1889-1961) himself—
on November 1. Rossi reported that the experiments in Eritrea were proceeding
well, although there was not enough time to study every aspect of the matter.
Hence, “it would be highly desirable to be able to build here in Asmara a physical
and geophysical research center, as the CNR intends to. The Government would
be very much in favor of this initiative; we just have to see if the money will come
out!”"*> Once again, money was a key issue for a project that may have been
crucial to the advancement of physics. It seems no station was ever built, although
in November, the CNR declared that they were beginning to prepare some doc-
umentation.'*® In October, L’lllustrazione Italiana, which we have already
recalled for its inaccurate article on cosmic rays, even stated that the hut itself was
“destined to become a permanent station for geophysical studies.”"*” In Decem-
ber, instead, a colonial newspaper considered it “probable,” although this is the
last public reference to the project we have found so far.'*®

The Asmarian observatory would not have been the first example of an Italian
scientific station in the colonies. From July 1932, a geophysical station operated in
Mogadishu, the capital of Somalia,* enabling scientists to conduct several geo-
physical measurements.'* Shorter expeditions continued to be performed to
Libya and, if not too expensive, to the rest of the Colonies as well. In brief, during
the 1930s, the CNR began to exploit Italian colonies for scientific research. The
motivations appear to be manifold, and a couple of them are quite interesting to
us. First, the special geophysical and wildlife conditions offered a new environ-
ment in which scientists could perform interesting experiments and observations.
Second, as in the case of the Eritrean expedition, the colonial governments had
obtained relative independence from the Italian government, resulting in more
economic and logistical support than in the homeland.

* Rossi was aware of that expedition and explicitly referred to it in Bruno B. Rossi, letter to
Giovanni P. Magrini, June 20 1933, VBRA.
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Conclusion

Among Rossi’s great contributions to the development of cosmic-ray physics, we
can say that the results obtained with the expedition to Eritrea were certainly key.
After mastering the construction and use of counters and developing a new kind of
instrumentation, namely the coincidence circuit, Rossi was then able to fully
exploit the potential of these electronic or logic methods. This resulted in precise
measurements of the geomagnetic effects of cosmic rays, thus a definitive answer
on their nature.

The new documents found in Venice enabled us to better investigate the
expedition, its reception, and the context in which it took place. We have shown
how the expedition—most probably an idea of Rossi and Fermi—ended up
becoming a key project for the CNR, with a wide support from both scientific and
political institutions. Moreover, the fact that Italy ruled over Eritrea at the time
resulted in a great opportunity for Rossi to test the East-West asymmetry with an
almost optimal set of geographic conditions. Without the colony, we argue that no
expedition would have taken place, for it would have been too expensive and
difficult to organize. Additionally, the correspondence with Compton revealed
how their fruitful yet overlooked collaboration originated and developed.

Rossi’s letters to his mother gave us the opportunity to see the expedition with
his own eyes: how he and his colleagues performed the experiments, with the
related difficulties, as well as the people he met and the places he went to. A new
and more detailed picture of Rossi has emerged: as a cautious and highly qualified
experimenter, continuously ready to question what others took for granted, and a
great believer in the importance of collaboration to do good science. Among the
novelties, we stress one more time the backstory concerning the first observation
of the extensive air showers, a wonderful example of serendipity. Moreover, living
in a colony was an unusual experience, and Rossi’s words add significant details to
characterize the role of Italian colonists and of the indigenous people, also in
connection with the scientific expedition itself. The scientists were considered by
the colonial government as actual authorities, while Eritreans were only exploited
for their workforce.

Lastly, the analysis of newspaper articles from that time, which has never been
carried out before, contributed to enriching our knowledge of the socio-political
context behind the expedition. Apart from the glorification of the expeditioners as
heroes of Italian science, which we expected, it was surprising to see the large
number of articles directed to the general public. Cosmic rays and modern physics
in general were a hot topic not only within the scientific community, they also
fascinated uneducated people.

The present paper is intended to give a first, comprehensive treatment of the
Eritrean expedition. However, some questions still remain unanswered. To cite a
few: the destiny of the geophysical station project to be installed in Eritrea, the
nature of the radioactive material Ranzi found in Massawa, and Ranzi’s
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ambiguous personal history. Through a thorough analysis of the rest of the
Venetian documents, in which one of the authors (LC) is currently engaged, we
hope to clarify these and many more issues related to the fascinating dawn of
cosmic-ray physics and one of its founders.
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Rizzo intended to perform some measurements in North Africa, too, but he likely never did.
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28 Georges H. J. E. Lemaitre and Manuel S. Vallarta, “On Compton’s Latitude Effect of Cosmic
Radiation,” Physical Review 43 (1933), 87-91.

2% Arthur H. Compton to Bruno B. Rossi, June 20, 1933, VBRA.
30 Rossi, “On the Magnetic Deflection” (ref. 15).

3! Edoardo Amaldi, Reunion in Florence, 1987 (ref. 17).

32 Rossi to Compton (ref. 20).

33 Alvarez and Compton, “A Positively Charged Component” (ref. 25), and Johnson, “The Azi-
muthal Asymmetry” (ref. 26).

34 A letter from Ivo Ranzi (1903-1985) to Rossi, dated May 31, 1933, VBRA, reveals that Rossi
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Ranzi, “I risultati della Missione” (ref. 58).

% Bruno B. Rossi to Lina Minerbi, August 29, 1933, VBRA.
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% Bruno B. Rossi to Lina Minerbi, September 2 to 4, 1933, VBRA.
6 Rossi to Minerbi (ref. 55).
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to Minerbi (ref. 73). Throughout the expedition, Ranzi apparently showed a poor attitude in
collaborating and getting on well with his colleagues. Indeed, he also refused Rossi and De
Bendetti’s idea of slightly extending the return trip to visit more places. This is in accordance with
the peculiarity of his character, which emerges from some of the biographical information we
reported on him.

75 “Le esperienze procedono sempre bene; soltanto I'apparecchio di Compton continua a farci
impazzire,” Rossi to Minerbi (ref. 73).
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pensiero,” Rossi to Minerbi (ref. 73).

77 Bruno B. Rossi to Lina Minerbi, October 19, 20, 22 and 24, 1933, VBRA.
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80 Bruno B. Rossi to Lina Minerbi, November 13 and 14, 1933, VBRA.
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82 In November, Il Gazzettino di Padova erroneously wrote that Ranzi had discovered some
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italiana all’Asmara,” Il Gazzettino di Padova, November 15, 1933, page unknown. A month later,
1l Giornale d’Oriente wrote that during the expedition, they found a “radioactive ore deposit”
(“giacimento di minerale radioattivo™) that might be exploited. “Dalla Capitale. Bruno Rossi di
passaggio dall’Egitto. Le importanti osservazioni scientifiche da lui compiute in Eritrea,” Il
Giornale d’Oriente, December 16, 1933, 5.
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Berlin-Charlottenburg, Bothe—whose work also focused on radioactivity—taught Rossi how to
build better performing counters and, most noticeably for our purposes, how to prepare and
handle radioactive sources. This information is taken both from Rossi’s autobiography (Rossi,
Momenti (ref. 7), 15) and from the correspondence between Rossi and his mother when he was
visiting Bothe’s laboratory in 1930 (for instance, Bruno B. Rossi to Lina Minerbi, July 1, 1930,
VBRA).

84 Rossi to Minerbi (ref. 79).
85 Bruno B. Rossi to Lina Minerbi, November 13 and 14, 1933, VBRA.

86 “Questa ¢ stata proprio una settimana campale,” Bruno B. Rossi to Arthur H. Compton,
November 25, 1933, VBRA.

87 «né alle dispense, né a quella famosa monografia francese,” Rossi to Minerbi (ref. 70). We have

not been able, thus far, to identify which monograph Rossi referred to.

88 “Ho scritto viceversa una bella letterina al Duca De Broglie pregandolo di pazientare ancora un
po’. Speriamo che non mi mandi a quel paese!” Rossi to Minerbi (ref. 70).

8 Rossi to Minerbi (ref. 70).

0 «Tj confesso che, quando abbiamo smontato i nostri apparecchi, mi sono accorto che a poco alla
volta, mi ero affezionato al nostro laboratorio improvvisato sull’amba del forte Baldissera; ed ho
pensato con un po’ di dispiacere che non avrei probabilmente piu rivisto quello strano panorama
di collinette rosse tagliate geometricamente, che, al tramonto, secondo la loro distanza, si colorano
di una tinta pit o meno intensa, formando come un fantastico scenario,” Rossi to Minerbi,
November 25 (ref. 45).

1 “Non sono, veramente, completamente soddisfatto del funzionamento degli apparecchi; pre-
sentano alcuni fenomeni che non mi so ancora bene spiegare e che non so se dipendano dalle
particolari condizioni dell’ambiente o a qualche modificazione che abbiano subito gli strumenti
durante il viaggio. Ho fiducia, ad ogni modo, che tutto cio non ostacoli seriamente le misure,”
Rossi to Minerbi (ref. 68).

2 Bruno B. Rossi to Lina Minerbi, September 30 and October 1 and 3, 1933, VBRA.

9 . . . . .. . .
”3 “Quanto a quei disturbi, che avevamo notato fin da principio, stiamo studiandone ora la causa.

Non si puo dire ancora niente di sicuro, ma potrebbe darsi che dipendessero da un fenomeno
nuovo, e precisamente da fittissimi sciami di corpuscoli, che arriverebbero di tanto in tanto sugli
apparecchi. Sarebbe di grandissima importanza arrivare a stabilire con sicurezza questo effetto;
ma non so se il poco tempo, che ho ancora a mia disposizione, sara sufficiente per questo scopo,”
Rossi to Minerbi (ref. 78).
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94 «quel disturbo parrebbe che non fosse un disturbo ma che nascondesse un fenomeno nuovo;

non so pero se mi azzardero ad annunciarlo, dato il poco tempo che ho avuto a mia disposizione
per studiarlo,” Rossi to Minerbi (ref. 79).

% “parrebbe dunque [...] che di tanto in tanto giungessero sugli apparecchi degli sciami molto

estesi di corpuscoli, i quali determinassero coincidenze fra contatori anche piuttosto lontani uno
dall’altro,” Rossi, De Benedetti and Ranzi, “I Risultati della Missione” (ref. 58), 589.

% Pierre Auger, P. Ehrenfest, R. Maze, J. Daudin and Robley A. Fréon, “Extensive Cosmic-Ray
Showers,” Reviews of Modern Physics 11 (1939), 288-91.

7 Peter Galison, Image and Logic: A Material Culture of Microphysics (Chicago: University of
Chicago Press, 1997).

%8 For a complete review of both the early and recent history of EAS, with a focus on Rossi and his
group’s contributions, see, for instance, Karl-Heinz Kampert and Alan A. Watson, “Extensive Air
Showers and Ultra High-Energy Cosmic Rays: A Historical Review,” The European Physical
Journal H 37 (2012), 359-412. For a discussion on EAS that is more focused on Rossi’s career
before and after World War 11, see also Bonolis, “From Cosmic Ray Physics” (ref. 4).

% Rossi, Momenti (ref. 7), 26.
100 Rossi to Minerbi (ref. 92).

101 CNR, “I Primi Risultati” (ref. 56).

102 «conforme a quanto & da attendersi nel caso di una radiazione corpuscolare carica positiva-

mente,” CNR, “I Primi Risultati” (ref. 56).
103 Carlo Rossi, “La Natura dei Raggi Cosmici,” Corriere della Sera, September 30, 1933, 5.

194 Bruno B. Rossi, “I Risultati della Missione Scientifica in Eritrea per lo Studio dei Raggi
Cosmici,” La Ricerca Scientifica 2, no. 10 (1933), 365-68.

105 Rossi, De Benedetti and Ranzi, “I Risultati della Missione” (ref. 58).

106 Arthur H. Compton, “Recent Developments in Cosmic Rays,” Review of Scientific Instruments
7 (1936), 73.

197 Bruno B. Rossi to Arthur H. Compton, November 25, 1933, VBRA. The letter is written in
German, as Rossi did not possess sufficient knowledge of the English language. Indeed, both Rossi
and his wife had to struggle to learn English when they began to wander first around Europe and
then around the US. Rossi, Momenti (ref. 7), 37 and 128.

108 Two articles were published, one by Rossi and another by De Benedetti. See Bruno B. Rossi,
“Directional Measurements on the Cosmic Rays Near the Geomagnetic Equator,” Physical
Review 45 (1934), 212-14; Sergio De Benedetti, “Absorption Measurements on the Cosmic Rays
at 11° 30’ Geomagnetic Latitude and 2370 Meters Elevation,” Physical Review 45 (1934), 214-15.
Even though Rossi also published the results obtained with Compton’s apparatus on La Ricerca
Scientifica, underlining the good agreement with previous publications, the same results were not
published in these two articles.

199 “Noi, in confidenza, abbiamo trovato che si desse un po’ piu arie del necessario; ma De
Bendetti dice che ‘e pagato apposta per questo; e d’altra parte, in colonia tutti, appena arrivano,
diventano ‘grandi gente’, fin I'ultimo scrivano,” Rossi to Minerbi (ref. 68).

10 «Ad ogni momento debbo mettere in opera tutta la mia buona volonta per trattenere il
risolino,” Rossi, September 20, 21, 24, and 26 (ref. 68).

M1 «la pilt meschina e pettegola cittadina di provincia che io abbia mai conosciuto,” Rossi to
Minerbi (ref. 68).
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112 «]a colonia sia fatta per quelli che hanno bisogno di sentirsi grandi uomini (non fosse altro che
di fronte a questi poveri negri) mentre in patria sarebbero degli umili sconosciuti, che nessuno
saluta per la strada,” Rossi to Minerbi (ref. 68).

13 «Quello in cui ci sentiamo ancora un po’ impacciati & nei nostri rapporti cogli indigeni. Il dover

dar loro del tu, anche se portano un’uniforme piena di galloni come un generale, il doverli trattare
sempre dall’alto in basso, il dover parlar loro con un’aria di superiorita e di degniazione ci costa
una fatica enorme e non ¢ raro il caso che infrangiamo involontariamente queste norme, che qui
sono da tutti rigorosamente osservate. E poi molto spesso vien fatto di domandarsi fino a qual
punto questa gente sia simile a noi; ¢ fatto che molti sanno leggere e scrivere, alcuni fanno i
dattilografi, altri guidano le automobili, ecc., ma tante volte mi fanno l’effetto piu di animali
ammaestrati che di uomini. Ed anche questa ¢ una cosa che mette terribilmente in imbarazzo. Ci
sono nei loro cervelli dei pensieri, delle preoccupazioni simili alle nostre? Sono capaci di provare
altri sentimenti all’infuori di quelli, che sono propri anche degli animali, come I’amore per i figli o
I’attaccamento al padrone?” Rossi to Minerbi (ref. 55).

114 Rossi to Minerbi (ref. 68).
'3 Rossi to Minerbi (ref. 73).

116 Rossi to Minerbi (ref. 78).

U7 «in niente come nei viaggi, I'appetito vien mangiando: quanto piii si vede, tanto pitl si impara a

vedere e tanto piu si desidera quindi di vedere. Io, per esempio, ad ogni nuovo viaggio mi accorgo
di gustare e di capire sempre pit il paese, gli uomini, i loro costumi,” Rossi to Minerbi (ref. 78).

118 Rossi to Minerbi (ref. 79).

19 «j] nostro dolce tormento,” Rossi to Minerbi (ref. 79).

120 Bruno B. Rossi to Lina Minerbi, November 27 and 30 and December 3, 8, 9, and 11, 1933,
VBRA.

121 «per la prima volta ci siamo sentiti prendere irresistibilmente dal fascino di questi paesi
tropicali, nei quali lo spirito umano & completamente soggiogato dalla potenza, direi quasi dalla
prepotenza della Natura. Si sente, in ogni sua manifestazione, un respiro cosi ampio, cosi solenne,
come da noi, colla nostra natura addomesticata non possiamo avere piu pallida idea,” Rossi to
Minerbi (ref. 89).

122 Rossi to Minerbi (ref. 79).

123 Sergio De Benedetti to Bruno B. Rossi, July 20, 1935, VBRA.

123 A recent analysis of the relationship between science and fascism can be found in Franco G.
Calascibetta, Marco Ciardi and Roberto Zingales, eds. “Fascismo, Chimica e Scienza,” La
Chimica nella Scuola, Special Issue (September 20, 2022), 3-39. For those interested, after page 39,
the issue proceeds further with an in-depth analysis of the chemistry case. Another interesting and
useful reading is Franco Stefani and Sandro Tirini, ...e il Duce Preferi i Ciarlatani. 1l Difficile e
Infelice Rapporto tra Fascismo, Scienza e Tecnica (Milano: Book Time, 2023).

125 <11 disastro della fisica in Italia,” Edoardo Amaldi, “Gli anni della ricostruzione,” Giornale di
Fisica 20, no. 3 (1980), 186.

126 Stefani and Tirini, “...e il Duce Preferi i Ciarlatani” (vef. 124), 76.
127 Ugo Bordoni to Bruno B. Rossi, July 28, 1933, VBRA.

128 The articles are from the following newspapers: I/ Messaggero (1), Il Veneto (1), Il Gazzettino
di Padova (4), Corriere della Sera (9), L’lllustrazione Italiana (1), Il Quotidiano Eritreo (1), 1
Giornale d’Oriente (1), and La Gazzetta di Venezia (1). Two articles have not been related to any
newspaper yet, although they might be from one of those we just listed.



New Light on Bruno Rossi’s 1933 Cosmic-Ray Expedition

129 Two almost identical articles appeared on the Corriere della Sera, with the same title, “Le
Ricerche sui Raggi Cosmici Compiute dalla Missione Scientifica all’Asmara,” Corriere della Sera,
November 11, 1933, page unknown for both articles. “I Magnifici Risultati della Spedizione del
prof. Rossi all’Asmara,” Il Gazzettino di Padova, December 31, 1933, 9.

130 Carlo Rossi, “La Natura dei Raggi Cosmici,” Corriere della Sera, September 30, 1933, 5.

131 Tommaso Jervis, “Le Radiazioni Cosmiche,” L’[llustrazione Italiana, October 22, 1933, 43,
607-08.

132 «cj sono diversi strafalcioni! Ma ¢ inutile, dei raggi cosmici nessuno ne capisce niente!” Rossi to

Minerbi (ref. 79).

133 « Attivita Scientifica dell’Italia Fascista. Spedizioni in Eritrea e in Libia,” Corriere della Sera,
August 22, 1933. “Studi in Eritrea sui Raggi Cosmici Promossi dal Consiglio delle Ricerche,”
Corriere della Sera, September 9, 1933, 5.

134 « Attivita Scientifica,” Corriere, August 22, 1933 (ref. 133). “L’imminente spedizione all’As-
mara per lo studio dei raggi cosmici sara diretta da un professore della Universita di Padova,” I/
Veneto, August 24, 1933, 3.

135 «sarebbe veramente desiderabilissimo poter istituire qui all’Asmara un centro di ricerche

fisiche e geofisiche, come ¢ nell’intenzione del Consiglio delle Ricerche. Il Governo sarebbe assai
favorevole a questa iniziativa; bisogna vedere soltanto se si trovano i denari!” Bruno Rossi to a
professor of the University of Padua, November 1, 1933: Padua, Centro per la Storia
dell’Universita di Padova (CSUP), Fascicoli docenti e PTA, faldone 5, Bruno Rossi. Several
letters preserved at the Centro per la Storia dell’Universita di Padova (CSUP) suggest that the
recipient was actually the Rector Carlo Anti. On November 1, Rossi referred to a previous letter,
which we think we have identified as Bruno Rossi to Carlo Anti, June 9, 1933, Atti del Rettorato —
Documenti organizzati per posizione 1929/1938, busta 284, posizione 74/D, fascicolo Istituto di
Fisica sperimentale.

136 Consiglio Nazionale delle Ricerche, “Notizie della Missione Scientifica all’Asmara,” La
Ricerca Scientifica 2, no. 9 (1933), 337.

137 «Uomini e cose del giorno,” L’[llustrazione Italiana, November 26, 1933, 48, 826.

138 «Dalla Capitale,” Il Giornale d’Oriente, December 16, 1933 (ref. 82). The authors are currently
considering some material which may indicate a prosecution of the project for some years after
1933, and will consider it in further publications.

139 The information on the Somalian station came from two proceedings of the CNR published in
La Ricerca Scientifica. Commissione del CNR, “Seconda Riunione della Commissione del Con-
siglio delle Ricerche per il 2° anno polare,” La Ricerca Scientifica, 1, no. 7-8 (1932), 645. Riunione
Plenaria del Consiglio delle Ricerche, “Per la Geodesia e la Geofisica,” La Ricerca Scientifica 1,
no. 11-12 (1933), 285.
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