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Abstract 

The discovery of cosmic rays and early research in the subject is briefly described. Indian contributions to cosmic ray research 

in the early days are highlighted, explaining the science issues addressed by pioneers like D.M. Bose, H.J. Bhabha,                    

V.A. Sarabhai, P.S. Gill and others. The intellectual ferment of the times and the competitiveness of fundamental research even 

in those times are brought out in anecdotal fashion. Scientific concepts are explained in simple language. 

 

 

Altitude Radiation  

Cosmic rays were discovered, more-or-less by accident, by 

Austrian physicist Viktor F. Hess in 1912. Hess had been 

appointed in 1910 as 'Assistant' — a junior scientist position 

— at the Institute for Radium Research in Vienna. Radiation 

in the atmosphere was a topic of great contemporary interest. 

Marconi, who had just been awarded the Nobel Prize in 1909, 

had been able to transmit radio signals beyond the range 

allowed by the curvature of the Earth and had guessed that the 

radio waves were somehow getting reflected back from the 

upper atmosphere. The theories of Heaviside and Kennelly 

suggested that the reflection was due to a layer of ionised gas 

in the 'stratosphere', as the entire upper atmosphere was 

loosely called at that time — it was named the ionosphere as 

late as 1969. Franz Linke, a German meteorologist, was the 

first to verify this ionisation, by carrying electroscopes into the 

upper atmosphere by balloon (1903). It was believed that 

radioactive emanations from radio-isotopes in the Earth's crust 

were responsible for the ionisation of the atmosphere. If so, 

the intensity of ionisation should decrease as one goes higher, 

more or less in the same way as atmospheric pressure 

decreases in Laplace's exponential decay law. A few 

observations by Swiss physicist Albert Gockel, in which 

electroscopes were flown in balloons (1909), had, however, 

detected no such decrease — but Gockel's results were error-

prone and not quite trustworthy. The Italian Domenico Pacini 

had submerged electroscopes in the water of deep lakes (1911) 

and found a significant decrease with depth, which was 

correctly interpreted to be due to the absorption of surface-

level radiation by the water. 

Hess, therefore, set for himself the task of precisely verifying 

the level of atmospheric ionisation as a function of increasing 

height above the Earth's surface. For this purpose, he used a 

rather delicate apparatus, in which an electroscope was placed 

in a chamber whose pressure was kept constant by a piston-

spring device, so that the result was not affected by changes in 

atmospheric pressure. This type of constant-pressure 

electroscope had been designed by Fr. Theodor Wulf in 1909, 

improving on the famous Elster-Geitel design. It contained a 

pair of charged plates with same-sign charges, whose mutual 

repulsion would bend a pair of quartz fibres. As the ionisation 

of the gas in the chamber increased, the plates discharged 

faster and the fibres straightened up faster. This could be 

observed and measured with a travelling microscope. 

 

Wulf electrometer 

With this rather primitive apparatus, Hess made a series of 

balloon flights and, despite having to breathe through an 

oxygen mask, obtained good quality data on the height profile 

of  atmospheric  ionisation.  What  he  found  was   that   after 
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decreasing initially, as had earlier been found by                      

Karl Bergwitz (1908), the ionisation level began to rise after 

about 1.4 km. Ultraviolet radiation from the Sun might seem 

to be the obvious cause, since all the balloon flights took place 

during the day, night flights being deemed too dangerous. 

Hess disproved that hypothesis by making a flight to a height 

of 5.3 km during the partial solar eclipse on April 7, 1912, 

when no diminution of the ionisation was found. He 

concluded, therefore, that the source must be "a radiation of 

very high penetrating power, impinging onto the atmosphere 

from above". In 1925, the great American experimentalist 

Millikan named this radiation 'cosmic rays'. Hess' discovery, 

for which he always used the unimaginative but precise term 

hôhenstrahlung (which translates as 'altitude radiation') was 

honoured with the Nobel Prize in 1936. 

 

Viktor F. Hess (1883–1964) [Photo: Wikimedia Commons] 

Balloon flights in the early twentieth century were dangerous. 

As late as 1934, cosmic ray scientists M. Schrenk and                

V. Masuch died of hypoxia when their balloon failed to 

descend before their oxygen supply ran out. Nevertheless, 

cosmic ray research was pursued enthusiastically by scientists 

intrigued by these strange visitors from unknown parts of the 

Universe. Hess was immediately followed at Berlin by Werner 

Kolhörster, who made a series of flights in 1914, verifying 

Hess' conclusions and carrying the data to a range as high as    

9 km. Though the First World War broke out immediately 

afterwards, the study of hôhenstrahlung was continued by 

Erich Regener, who had just got a position on the faculty of 

the Agricultural University of Berlin. Regener was able to 

design and construct a series of self-recording electroscopes, 

which could be sent up in unmanned balloon flights. Thus, he 

could collect a lot of data without endangering his assistants, 

and his careful work made Berlin the centre of cosmic ray 

research in the world. Thither, in 1914, came a young physicist 

from India, on a two-year travelling grant. His name was   

D.M. Bose, and it is with him that our story really starts.  

D.M. Bose at Berlin (1914‒1919) 

Debendra Mohan Bose, to give him his full name,                      

was a nephew as well as a student of the great                                 

Jagadish Chandra Bose, but his scientific interests had little or 

no overlap with those of his famous uncle.  In 1907, he had 

sailed to England to get a postgraduate degree from Christ 

College, Cambridge, where he was taught by leading lights 

like J.J. Thomson and C.T.R. Wilson. It was from Wilson, in 

particular, that Bose learned to build a cloud chamber, the 

device which enabled scientists to see, for the first time, the 

tracks of highly energetic charged particles. This won Wilson 

the Nobel Prize in 1927, and the acquired skill won for Bose 

an appointment as Lecturer in the City College, Calcutta, his 

home town, after he had acquired his degree from Cambridge 

in 1914. He was soon spotted by Sir Asutosh Mookerjee, the 

dynamic Indian Vice Chancellor of Calcutta University, who 

was then setting up postgraduate departments of science in the 

University. Sir Asutosh had been able to persuade his friend 

Sir Rashbehari Ghose, a wealthy barrister, to donate the 

princely sum of Rs. 21 lakh (the equivalent of about Rs. 250 

crores today) to set up these Departments. With this was set 

up the Sir Rashbehari Ghose Professorships, and it was to this 

prestigious position in Physics that the 29-year-old D.M. Bose 

received an offer. As may be expected, he promptly accepted 

it. 

 

D.M. Bose (1885–1975) [Photo: Wikipedia] 

The Ghose Professorship came with a rather lavish two-year 

travelling fellowship, under which the incumbent was obliged 

to travel abroad and spend the time at some leading laboratory, 

picking up skills which could then be disseminated in India. 

D.M. Bose chose to take this, not in England where he had 

done his graduation, but at the laboratory of Regener in Berlin. 

It was just two years since Hess had discovered cosmic rays, 

and Regener had just started making his measurements. It is a 

mark, therefore, of how up-to-date Bose was, even situated in 

a far-away British colony.  

Bose was able to contribute significantly to Regener's research 

programme, building a cloud chamber where he could study 

the tracks of particles produced by cosmic ray collisions. The 

cloud chamber was too bulky to be taken on a balloon, but it 

could be used for measurements on the ground. Soon Bose 

was able to detect the recoil of H nuclei — protons — after a 

cosmic ray interaction. This showed empirically (in a 

qualitative way) that the conservation of linear momentum 

holds even at the nuclear level. It was this principle which was 

later used by Compton (in a quantitative way) to predict the 

effect which bears his name. For his cloud chamber work, 

D.M. Bose was awarded a Ph.D. by the University of Berlin. 

But when the term of his fellowship expired in 1916, he found 

himself unable to go home. The First World War was raging, 

and Bose was a British subject in Germany, i.e., technically an 

enemy alien. The Germans, however, let him continue 

working at the laboratory, since Regener and the revered     

Max Planck (whose lectures Bose used to regularly attend), 

stood guarantors for the young Indian. It was to be 1919 before 

he could go home again.
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Back in Calcutta, Bose resumed his position as Ghose 

professor, and with his new student Subodh K. Ghosh, he 

quickly built a cloud chamber and began to study nuclear 

interactions with them. Their joint papers began to appear in 

Nature and the Philosophical Magazine. But it was to be 

another two decades before D.M. Bose returned to cosmic ray 

physics. It is a pity that he did not continue in the same field, 

for there was much to discover in this effectively virgin field 

during those days, and Bose certainly had the talent.  

The tentative twenties 

Robert Andrews Millikan (1868-1953) was already a famed 

physicist when he won the 1923 Nobel Prize in Physics. His 

innovative oil-drop experiment and his brilliant verification of 

Einstein's photoelectric equation, are, even today, textbook 

material. Following these successes, in the early 1920s, this 

American heavyweight entered the field of cosmic ray 

research with all the delicacy and sensitivity of a steamroller. 

With his student Ira Sprague Bowen, the resourceful Millikan 

was able to invent a lightweight electrometer and an ion 

chamber which could be sent up in unmanned balloon flights, 

communicating data to the ground using wireless technology 

developed during the Great War. This was clever, for the 

Europeans were still risking their lives making manned flights. 

Moving to Texas to make these measurements, Millikan and 

Bowen found much lower levels of ionisation than Hess and 

Kolhörster had found, and, blissfully unaware of the strong 

latitude effect in cosmic rays, they promptly concluded (1925) 

that 'the whole of the penetrating radiation is of local origin' 

i.e., they come from terrestrial radioactivity.   

 

R.A. Millikan (1868–1963) [Photo: Wikipedia] 

Further measurements made with G. Harvey Cameron, in 

Muir Lake, 24 degrees of latitude farther north in Canada, 

however, led to a 180-degree turn in the Nobel Laureate's 

opinion. In 1926, they were reporting "... all this constitutes 

pretty unambiguous evidence that the high altitude rays do not 

originate in our atmosphere, ...and justifies the designation 

'cosmic rays'." Millikan's wholly erroneous idea that the 

cosmic radiation consisted of 𝛾 photons formed when protons 

and electrons combined to form elemental 4He in space led 

him to coin the hugely evocative phrase that cosmic rays are 

'the birth cries of atoms' which form the galaxy. It 

immediately caught the imagination of the American Press, 

who lacking a hero to follow Lindbergh's 1919 aviation feat, 

promptly began to lionise their homegrown Laureate for his 

'American discovery' — and Millikan happily basked in all 

their admiration. During this publicity blitz, however, 

nowhere did Millikan or his collaborators even mention the 

prior work of Linke, Gockel, Hess, Pacini or Kolhörster, 

leading to a furious reaction from the European scientists. In 

truth, Millikan had essentially reproduced all their results, and 

so his only original contribution to the field of cosmic rays is 

the name.   

Millikan's idea of a cosmic gamma ray flux had always been 

regarded with scepticism by his fellow American Nobel 

Laureate, Arthur Holly Compton, but it was a Dutchman, 

Jacob Clay, who discovered the 'latitude effect' (1927) which 

proves that the cosmic rays are not photons but charged 

particles deflected by the Earth's magnetic field. This soon 

received ample confirmation from experiments carried out by 

Kolhörster and Walter Bothe, by Bruno Rossi and by Compton 

himself, with his young student Luis Alvarez. Though 

Millikan refused to be convinced by this evidence, everyone 

else accepted it. Finally, a 1932 article in TIME magazine 

gently hinted that, unbelievable as it may seem, the colossus 

of American science might actually have been mistaken.  

 

The latitude effect in cosmic-ray fluxes 

The first real revolution in experimental cosmic ray research 

came with the invention of the Geiger-Müller counter, or GM 

counter, in 1928. Now, instead of bulky and delicate 

electroscopes, there was a small and rugged instrument which 

could be easily sent up in balloons to count the number of 𝛾 

ray photons. The wireless technology introduced by Millikan 

had also caught on. Henceforth, it would not be required to 

make risky manual flights in the cause of research ― a huge 

relief which encouraged many to take it up seriously. 

Cosmic rays and antiparticles 

In a curious twist of Fate, the future of cosmic ray research 

would be determined by a student of the now-frustrated 

Millikan. His name was Carl D. Anderson, and his discovery 

of the positron in 1932 created a major sensation in the world 

of physics. Anderson's colleague, the Chinese student           

Zhao Zhongyao, had been set by Millikan to study cloud 

chamber tracks from the impact of Thallium-208 emanations 

on a lead plate. Zhao had actually seen positron tracks, but 

seems to have wrongly interpreted them as protons. Anderson 

performed a very similar experiment, but his source was 

cosmic rays. He found that the result of their collision with the 

lead  nuclei  in  the  plate  produced  tracks  of  a particle whose 
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𝑒/𝑚 ratio was equal in magnitude but opposite in sign to that 

of the electron. This could not be the proton, whose 𝑒/𝑚 ratio 

is about 1836 times smaller than the electron's, and so it must 

be the antiparticle of the electron.  

The name 'positron' was actually suggested by an editor of The 

Physical Review, where Anderson published his paper. Such a 

particle had been suggested on theoretical grounds by Dirac in 

1931, but this idea had been received with incredulity by 

leading scientists of the time. Now however, Heisenberg and 

Bohr and Pauli and Klein, all had to eat their words, for the 

positron was reality and their barbs against Dirac were 

unjustified. In fact, the undoubted existence of antiparticles 

roused Wolfgang Pauli out of his 'dogmatic slumber'. Within 

a year, he and his student Viktor Weisskopf had written down 

the first quantum field theory. The tentative theory of the 

electron field introduced in 1928 by Jordan and Wigner was 

now recast as the new quantum electrodynamics, or QED.  

Not everyone was convinced, however. Even today, second 

quantisation requires a considerable leap of imagination when 

it is first introduced to the student. In the 1930s, grey-bearded 

scientists shook their heads and declared it to be all 

meaningless metaphysics. Others puzzled over the awkward 

appearance of infinities in the quantum theory. It required the 

work of a remarkable Indian scientist to produce the 

convincing evidence.  

The Bhabha phenomenon (1931–1939) 

Like D.M. Bose, Homi Jehangir Bhabha (1909–1966) was 

born with a silver spoon in his mouth. Bhabha's father Jehangir 

was a flourishing lawyer and his paternal aunt Meherbai was 

married to Sir Dorabji Tata, the real founder of the fabulous 

Tata business empire. The bright young spark of this wealthy 

and cultured Parsee family was educated in Bombay and then 

sent off to Cambridge to complete the Engineering Tripos, 

after which he was to return and head the family's steelworks 

at Jamshedpur. The plan misfired, however, for the young 

Bhabha listened to lectures by Dirac and others, and became 

enamoured of physics. Obtaining grudging parental 

permission to shift to pure science, Bhabha soon became a 

protégé of Dirac, and an intimate of Pauli and Bohr and 

Sommerfeld. This was not for nothing, for the young Indian 

proved to be nothing short of brilliant. 

 

Homi J. Bhabha (1909–1966) [Photo: TIFR Archives] 

Inspired by his hero Dirac, Bhabha started thinking deeply 

about the electron and the new QED ideas. At the time, the 

issue of singularities plaguing the theory was occupying top 

scientists like Heisenberg, Bohr and Kramers, and leading 

others to flatly reject the whole theory. Bhabha's interests, 

however, were always more phenomenological. And so, in 

1936, Bhabha produced his most famous paper, published in 

the Philosophical Magazine, in which he took up the question 

of a positron scattering from an electron (or vice versa) in the 

process which is now called Bhabha scattering. 

 

Feynman diagrams for Bhabha scattering in QED 

In a QED process, a positron can radiate a virtual photon 

carrying away energy and momentum, and recoil in the 

process. The photon can then be absorbed by an electron, 

which recoils in turn. The recoiling electron and positron pair 

will appear to have scattered from each other with transfer of 

energy and momentum from one to the other, exactly as in a 

classical scattering process. Such a process would also occur 

between the electron and any other charged particle, such as a 

proton or an ion or a heavier nucleus and so it would not 

depend on the positron being the antiparticle of the electron. 

In the language of Feynman diagrams (which had not been 

invented then), this is a 'scattering diagram' or a '𝑡-channel 

process'. There is, however, another QED configuration which 

is possible only if the positron is the antiparticle of the electron 

— they can collide and annihilate to form a virtual photon 

which then decays into a new electron-positron pair. 

Obviously, this will not happen with a proton or an ion. In the 

language of Feynman diagrams, this is an 'annihilation 

diagram', or an '𝑠-channel process'. What Bhabha realised is 

that these two processes will undergo a quantum interference, 

as a result of which the forward-scattering would get favoured 

over the backward scattering, whereas in the absence of this 

interference both would have been the same. Since this 

difference had already been observed, Bhabha concluded that 

the interference did happen and the annihilation process was 

occurring; ergo the positron must be an antiparticle. 

 

Walter H. Heitler (1904–1981) [Photo: Wikipedia] 

This brilliant paper gained Bhabha instant fame, and 

henceforth he was treated on terms of equality  with  the  who's 
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who of contemporary physics. This work alone would have 

ensured him a lasting reputation. Amazingly, however, he 

followed it up with an even more insightful work. This time 

he had a collaborator — Walter Heinrich Heitler (1904–1981), 

who had already earned fame for setting up, with Fritz 

London, the quantum theory of the covalent bond. With Hans 

Bethe, Heitler had already calculated the mean free path an 

electron could have in the presence of a mix of oxygen and 

nitrogen nuclei (air!), using the QED methods. They had 

obtained a path length of around 2 km. This caused a 

sensation. It was known that cosmic ray electrons could be 

seen a-plenty at ground level, after passing through some 10-

12 km of atmosphere. If the Bethe-Heitler theory was to be 

true, there would be an attrition factor of around 150, but in 

fact, there was not much difference between the electron flux 

at sea level and at the top of the atmosphere. Most 

contemporary scientists simply shrugged off this discrepancy, 

for they felt that the Bethe-Heitler calculation, using 

something so obviously flawed as QED, must be simply 

wrong. 

Not so Bhabha. Once again, he displayed amazing 

perspicacity when he realised that the high energy cosmic ray 

particles hitting the upper atmosphere were knocking high 

energy particles out of nuclei, which in turn knocked other 

particles out of other nuclei. The whole process would create 

a shower of particles in the same way as a falling stone can 

create a whole avalanche of cascading snow. The electrons 

detected at sea level are actually created somewhere less that 

a kilometre high, and not at the top of the atmosphere. This 

was the famous Bhabha-Heitler theory of cascades (1936). 

These 'air showers' form the bedrock on which all cosmic ray 

studies are based. A year later — such was the disconnect in 

the scientific community in those days — the same ideas were 

published by C.F. Carlson and J. Robert Oppenheimer in 

America. But they had lost the priority.    

 

Schematic development of an air shower as per Bhabha-

Heitler theory. The black dots are the pre-existing nuclei in 

the air. Movement is downward. 

Homi Bhabha remained at Cambridge till 1939. During this 

time, he produced three more notable insights, which have 

become so commonplace today that their originator has been 

forgotten. The first was a note written in 1938 pointing out that 

if there was a spin-0 'mesotron' as envisaged in Yukawa's 

exchange model of the strong interactions (which today we 

call the pion), there must also be a spin-1 counterpart. This 

does exist, and is known as the 𝜌 particle, but it was not 

discovered till 1961. Bhabha was also intrigued by the 

discovery of the muon, which had been made by                      

Carl Anderson and his student Seth B. Neddermeyer in 1937. 

Oppenheimer and Serber had hastily identified this to be 

Yukawa's mesotron, but Bhabha, with his deeper 

understanding of mean free paths, quickly concluded that it 

could not be a strongly-interacting particle at all, but must be 

more like a heavy electron. We can find this statement — 

unattributed — in most textbooks.  

Where the muon is concerned, however, there is something 

even more well-known which was first pointed out by Bhabha. 

This is the fact that the muons, which have a decay lifetime of 

about 2.2 μs. cannot travel a distance much more than half a 

kilometre before decaying — unless their lifetimes are getting 

time-dilated because of high speeds. This is done as an 

undergraduate exercise today, but few remember the 

excitement caused by Bhabha's pointing it out, for here was a 

case of Einstein's relativity directly at work. 

Bhabha's idyll at Cambridge ended with the outbreak of the 

Second World War, when he was caught holidaying at home 

in Bombay, and could not return to England for fear of his ship 

being sunk by a German U-boat. This led to his joining the 

Indian Institute of Science at Bangalore, where his mentor, 

Nobel Laureate Sir C.V. Raman, encouraged him to set up a 

cosmic ray group.  

But Bhabha's was not the only effort in this area. There were 

other Indians in the field now.  

The return of D.M. Bose (1939–1945) 

We had left D.M. Bose doing nuclear physics in Calcutta in 

1919, and he continued to work diligently in the area for two 

decades, albeit without conspicuous success. In 1938, he had 

succeeded his famous uncle as Director of the Bose Institute, 

and he happened to have as graduate student a young woman 

of great dedication and enterprise. Her name was Biva 

Chowdhury.  

It was at this time that the Indian Science Congress annual 

meeting was held in Calcutta (1939). Among those who 

attended were Sir Geoffrey Ingram Taylor, Cambridge's 

leading expert on cosmic rays, and Walther Bothe, 

Kolhörster's former student, who was now a renowned expert 

in particle tracks and would go on to win the Nobel Prize 

himself. The cosmic ray session at the Congress, which Bose 

and his student attended, was very lively. During this, Bothe 

introduced a new idea with which he had lately become 

familiar, viz. the possibility of photographic plates as detectors 

to record the tracks of charged particles. This idea had been 

pioneered by Marietta Blau at the Radium Institute of Vienna 

(Viktor Hess' workplace), together with her doctoral student 

Hertha Wambacher, and it carried great promise. For a stack 

of  photographic  plates was far cheaper and more robust than 
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any electroscope or GM counter, and could simply be 

purchased in the market. It was the ideal experimenter's 

material, and D.M. Bose, who still retained his keen interest 

in cosmic rays, jumped at the idea. As soon as the Congress 

was over, he set himself, with Chowdhury, to try to detect 

Yukawa's mesotron in cosmic rays (the Japanese savant 

himself had suggested looking there) using Blau's 

photographic plate technique. There is no question that this 

duo was the first to re-purpose photographic plates for the 

study of cosmic rays rather than nuclear disintegrations. 

 

Marietta Blau (1894–1970) [Photo: Wikipedia] 

The Calcutta scientists had no access to balloons or high-

altitude flights. Instead, they went high up in the Darjeeling 

Himalayas to expose their plates to cosmic rays. They chose 

three stations, one at Tiger Hill near Darjeeling, one at 

Sandakphu, some 60 km away, and a third at Pharijong, about 

200 km away. Every week they would go on muleback to these 

high spots and place a fresh stack of plates made by Ilford & 

Co, bringing back the old ones to be developed and scanned 

for 'mesotron' tracks. It was a considerable feat for the times:  

Bose was already in his fifties and frail, and a young woman 

doing field work challenged all contemporary social mores.  

 

Stack of photographic plates as cosmic ray detector 

Bose and Chowdhury's efforts met with partial success, for 

they did see meson tracks in their plates, and were able to use 

the track characteristics to measure the mass of the particles 

they saw. In 1941, Nature published a paper by them in which 

a table of masses is presented. The mean mass in this table is 

(81.2 ± 21.3) MeV/𝑐2, which is consistent with the muon 

mass 105.7 MeV/𝑐2 but barely so with the pion mass           

139.6 MeV/𝑐2. In a subsequent paper in Nature (1942), they 

reported mass estimates of (110.8 ± 15.3) MeV/𝑐2,   

(171.7 ± 10.0) MeV/𝑐2 and  (159.9 ± 9.5.3) MeV/𝑐2, which 

covers the pion mass, but falls on the higher side. The authors 

explain that the higher values are due to the use of an r.m.s. 

value for the atomic numbers of scattering nuclei rather than a 

mean mass — a correction apparently suggested by Bhabha. 

However, it is almost certain that with their 'half-tone' plates 

(coated on one side with photographic emulsion), Bose and 

Chowdhury did not have the experimental resolution to 

distinguish pions, which leave much shorter tracks than 

muons, and had, in fact detected muons, which were already 

well known. Whether they could have seen pions if they had 

used 'full tone' plates (coated on both sides) is moot, since such 

plates were reserved strictly for war reconnaissance work. 

What was new is that they had proved that photographic plates 

could be used for cosmic ray studies. This set off the second 

cosmic ray revolution in the same way as the GM counter had 

done earlier. 

During the same period, the work of the Calcutta duo was 

being duplicated at Bristol in the UK, by Cecil F. Powell and 

his group. However, as they were confined to war-torn Britain, 

and flying was impossible because of the Blitz, they could 

only expose plates on the British hills, which are far lower than 

the Himalayas. After the War, however, not only did they get 

access to balloons and high-flying aircraft, but they were also 

able to get Ilford & Co to give them customised photographic 

plates, coated with a far higher density of emulsion. Using 

these, they quickly discovered the pion (1947). The 1950 

Nobel Prize went to Powell alone, whereas it should, by rights, 

have been shared between Blau, Bose and Powell. Rubbing 

salt in the wound, the Nobel Committee did not mention the 

pion specifically in Powell's citation, but instead said "for his 

development of the photographic method of studying nuclear 

processes and his discoveries regarding mesons made with 

this method." 

 

Biva Chowdhury (1913–1991) [Photo: Wikimedia Commons] 

D.M. Bose did not work on cosmic rays any further. Biva 

Chowdhury moved to Powell's laboratory and then completed 

her  Ph.D.  with  Patrick  Blackett  in  London.  There were no 

further milestones in her career, though she remained active 

till the 1980s. Almost forgotten for some decades, she has 

recently been resurrected as an icon of the recent 'Women in 

Science' movement. These posthumous crumbs of 

recognition, though welcome, form rather meagre 

compensation for what she was denied in her lifetime. 
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The TIFR group (1949–1960) 

We now return to Homi Bhabha, whom we last left in solitary 

splendour at Bangalore. Never at a loss for resourcefulness, 

Bhabha immediately started working on both theoretical and 

experimental aspects of cosmic ray physics, and soon built up 

his own team. He pioneered the launching of balloons in India 

and developed the so-called 'Bhabha counters' to record 

cosmic ray fluxes. Much of this work paralleled that being 

done by the Chicago team founded by Compton. At the same 

time, Bhabha continued to work on cosmic ray showers (with 

Chakravarty) and on relativistic wave equations (remotely 

with Corben, and locally with Harish Chandra). However, he 

felt hamstrung by the lack of resources in the Indian Institute 

of Science, and this led him to propose a new institute to his 

cousin, J.R.D. Tata, who was now the head of the Tata empire. 

The latter's support led to the foundation of the Tata Institute 

of Fundamental Research or TIFR. Bhabha was its founder 

Director, and remained so till his untimely death in 1966.  

It was here, at his new Institute in Bombay, that Bhabha 

managed to build up a truly stellar cosmic ray group. With him 

came his old team, which included Roy Daniel and                       

his own student B.V. Sreekantan. In S. Naranan and               

P.V. Ramanamurthy, they had two excellent colleagues. 

Bhabha quickly roped in H.J. Taylor, a former student of 

Rutherford, who was teaching at the Wilson College in 

Mumbai, and had also dabbled in photographic emulsion work 

during the war years. Soon they would be joined by            

M.G.K. 'Goku' Menon, fresh from his Ph.D. with Powell at 

Bristol, where he had discovered the anomalous 𝐾 → 2𝜋 and 

𝐾 → 3𝜋 decay modes, which would eventually lead to the 

discovery of parity violation by Lee and Yang (1956). 

Sukumar Biswas, who had jointly discovered the Lambda 

hyperon with Victor D. Hopper in Melbourne, came to join the 

group, as did Biva Chowdhury, back from London. Yash Pal 

and Devendra Lal were bright students who would go on to 

make international reputations. Alladi Ramakrishnan would 

briefly work with Bhabha on stochastic methods to model 

cosmic ray showers, which presaged the heavy Monte Carlo 

simulations carried out by particle physicists today. But the 

biggest catch of all was Bernard Peters, already a renowned 

scientist who had worked on the iconic Manhattan Project and 

who now joined TIFR in 1951. Born Bernhard Pietrowski, this 

brilliant man had fled Poland as a child to escape the Russians, 

then fled Germany as a young man to escape the Nazis (for he 

was of Jewish extraction), and now in middle age, had to flee 

America because of the McCarthyist persecution (for he was 

a communist by conviction). Bhabha offered him a safe refuge 

and an opportunity, and thus he came to India to lead the 

cosmic ray group in TIFR. 

In 1949, the Indian Prime Minister, Pandit Nehru, tasked 

Bhabha with developing an atomic energy programme for 

newly-independent India. Henceforth, this was to take up the 

bulk of his energies, and we may consider him all-but-lost to 

pure science. In a way, this was a pity, for the TIFR cosmic 

ray group punched way below its weight during the halcyon 

days of the 1950s, when cosmic rays were the chief laboratory 

for the discovery of new particles — one or two of which were 

being found every year. A lot of the research effort, led by 

Peters, was devoted to searching for exotic nuclides in cosmic 

rays, and some, like Be4
10 , Si14

32  and Al13
26  were actually found. 

After 1954, however, far higher fluxes could be obtained from 

nuclear reactors and the early accelerators, leading, for 

example, to the discovery of transuranics by Glenn T. Seaborg 

and his associates using the powerful Berkeley cyclotron. The 

exotic nuclide programme at TIFR was gradually abandoned 

after Peters departed for Europe in 1959 to join the Niels Bohr 

Institute at Copenhagen. This led to a refocussing of the TIFR 

cosmic ray efforts on experiments in the Kolar gold mines, and 

this proved to be more of a success story.   

Vikram Sarabhai and the PRL 

Cosmic rays, being charged particles, are deflected by the 

Earth's magnetic field, and show the famous 'latitude effect'. 

Measuring changes in the cosmic ray flux, therefore, provides 

a means of mapping the Earth's magnetic field at high altitudes 

where one cannot ascend with a compass needle. This               

was the aspect of cosmic rays which intrigued                     

Vikram Ambalal Sarabhai (1919–1971). This young scion of 

a wealthy Gujarati business family had chosen, like Bhabha, 

not to go into commercial pursuits, but to become a scientist. 

His father, Ambalal, who was to go on to found the iconic 

Sarabhai Chemicals, encouraged him. The youth was still 

finishing his Mathematical Tripos at Cambridge when the 

World War broke out.  

 

Vikram A. Sarabhai (1919–1971) [Photo: Wikimedia 

Commons] 

Returning to India (1940) as soon as his examinations were 

over, Sarabhai was promptly offered a research position at the 

IISc by C.V. Raman, who had a jeweller's eye for scientific 

brilliance. Surprisingly, the young and unknown Sarabhai did 

not hitch himself to Homi Bhabha, who was already there with 

the laurels of his Cambridge discoveries glittering on his brow. 

Instead, Sarabhai — all of 21 years old — chose to work on 

his own, producing 6 single author papers on the latitude effect 

in the 6 years of the War. When peace had returned, he went 

back   to   Cambridge   to   collect  his  long-overdue  graduate 

degree, and at the same time submitted his thesis and got his 

Ph.D. as well.  

Back in India again, Sarabhai decided to emulate Bhabha and 

found his own Institute. Some of the money came from his 

own family, and some more from wealthy relatives and 

friends. It certainly helps to be well connected! Only 28 at the 
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time, Sarabhai gave the job of Directorship of the new 

Physical Research Laboratory (PRL) to K.R. Ramanathan, an 

eminent meteorologist who had once been Raman's student. 

Not till 1965 did Sarabhai take up the Directorship himself. 

He was, of course, already head of the family firm Sarabhai 

Chemicals. Sarabhai worked very hard at the PRL, producing 

19 Ph.D. students. His protégés included U.R. Rao and               

K. Kasturirangan. Sarabhai's interests moved from the latitude 

effect to planetary magnetic fields, to the solar wind and solar 

physics, thence to satellite-based data — at which point he 

determined that India should have its own space programme. 

With full support from Homi Bhabha, this was founded at 

TIFR in 1962, and later became the Indian Space Research 

Organisation (ISRO), with Sarabhai as its first Chairman.  

When Homi Bhabha died in a plane crash in 1966, Sarabhai 

became Chairman of the Atomic Energy Commission as well. 

Heading four flourishing organisations simultaneously turned 

out to be too heavy a burden to bear, and the overworked 

scientist died suddenly in 1971, aged only 52. 

P.S. Gill and the Aligarh Group 

Piara Singh Gill (1911‒2002) came from the opposite end of 

the social spectrum, but lacked nothing in energy, resolve or 

intelligence. A farmer's son, from a remote village near 

Hoshiarpur in the Punjab, he would have to walk 5 km to 

attend school every day, and walk 5 km back. Leaving school 

in 1929, he was determined to go to the United States. 

However, he could only get a visa to Panama. Arriving there, 

penniless but full of hope, he drove a taxi for 10 months and 

saved up enough money to take ship for San Francisco. Here 

he could walk in without immigration formalities, for at that 

time no walls existed in the Land of Opportunity. It was, 

however, the aftermath of the Great Depression and jobs were 

not easy to come by. After various vicissitudes, by 1936, the 

brilliant Punjabi lad was doing his Ph.D. with Arthur Compton 

in Chicago. This doctoral work, showing that measurement of 

cosmic ray bursts could determine the spin of the yet-

undiscovered pion, was very well received.  

On the basis of his doctoral work, and with a recommendation 

from Compton, the young Gill could have easily walked into 

an academic job in the United States. But by then he was 

homesick for the plains of the Punjab, and so it was that he 

precipitately took ship for home in 1940. He soon found 

employment as a lecturer at the Forman Christian College in 

the stately city of Lahore, the jewel of the then-undivided 

Punjab. Here, Gill continued working on the 'directional 

distribution' of cosmic rays, which we would today call the 

zenith angle distribution. It was then that he would travel to 

Gulmarg, 2,650 m up in the mountains of Kashmir, to make 

cosmic ray measurements. He was still using counters. 

Towards the end of the War, however, when the Japanese were 

in full retreat and there were whole squadrons of British 

warplanes sitting idle at Indian air bases, Gill was able, with 

help from M.N. Saha, to persuade some of the bored pilots to 

take him up on high altitude flights where he could expose 

photographic plates to cosmic rays — for by then he had 

learned the new technology.  

In 1947 came the Partition of India and the horrific riots that 

accompanied it. Gill's autobiography relates how he would 

have liked to stay on in Lahore, but was literally ordered by 

Pandit Nehru to quit Lahore immediately and join Bhabha's 

TIFR in Bombay. This order saved his life, for his close 

associates who stayed back at Lahore were murdered in cold 

blood.  

 

Piara Singh Gill (1911–2002) [Photo: Wikipedia] 

However, Gill could not fit in at the TIFR, since he was too 

ebullient and too independent-minded to accept Homi 

Bhabha's leadership. Within a year he had resigned and moved 

back to the USA. By 1949, however, he was back in India,       

to the Aligarh Muslim University, whose iconic Vice 

Chancellor, Dr. Zakir Hussain (later to become President of 

India) lured him back to found a Department of Physics. Gill 

threw himself into his new role with gusto. It was then that he 

was able to set up at his favourite hill station, the Gulmarg 

Research Observatory (1951). It was the first permanent 

station of its kind in India, and it was inaugurated by none 

other than Arthur Compton, who expressly travelled to India 

for this purpose.  Interestingly, another similar station was 

established at Gulmarg by Sarabhai in 1955 and a third one by 

Bhabha in 1963. DAE eventually established a Nuclear 

Research Laboratory at Srinagar in 1974 to serve as a base 

research centre for the field station at Gulmarg.   

Like Sarabhai, Gill's interest in cosmic rays lay not so much 

in their elementary particle content but in their role as a 

measure of various properties of the Earth. Though he himself 

moved on to found the Central Scientific Instruments 

Organisation (CSIO) at Chandigarh in 1963, the research 

interests of the Aligarh cosmic ray group which he built up 

retains some of the same flavour.    

Deep in the Kolar mine (1948–1992) 

Some of the oldest rocks in the Earth's crust are to be found in 

the Deccan region, where the volcanic action which killed off 

the dinosaurs created vast convoluted lava fields, rich in 

minerals. Such a place is at Kolar, about  65 km  north-east  of 

Bangalore, where a British surveyor reported in 1804 that 

local people were panning gold dust out of the mud from 

ancient mining pits which lay abandoned in the region. It was 

not till 1880, however, that John Taylor and Sons, of London, 

leased the land from the Maharaja of Mysore and opened up 

the Kolar Gold Fields (KGF) for full commercial exploitation. 
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The deepest of the five mines dug in the KGF was the 

Champion Reefs Mine, and it went down to a depth of 3.2 km, 

It is still the deepest mine outside of South Africa, but now, 

alas! disused and derelict. In 1948, however, it was still active, 

and it was there that Homi Bhabha sent the young Sreekantan 

down with a GM counter to measure the falling flux of comic 

ray muons as one penetrates below the Earth's surface. 

Sreekantan, who passed away only recently, has related how 

he and his colleagues Naranan and Ramanamurthy would 

build their equipment from surplus war equipment cheaply 

available in the flea market at Bombay, locally called (with 

cause!) the Chor Bazaar. The muon flux was found to 

disappear at depths of around 2 km.  

However, in 1954, the British mining companies were packing 

up, and the mines seemed destined for certain closure. This 

sent Sreekantan and his team back to Bombay, where they 

perforce joined the balloon experiments being led by         

Peters and Daniel. The mines did not die, however, but were 

taken over by the Government of India as a public sector 

operation (1956). Back, therefore, in 1960 came the TIFR 

scientists, to Kolar, but now with a new goal. 

The neutrino had been postulated by Pauli as early as 1930, 

but it was 1955 before Frederick Reines and Clyde Cowan 

discovered what we now call the electron neutrino by studying 

the flux from the Savannah River nuclear reactor. It was clear 

at the time that though neutrinos would be plentiful in cosmic 

rays, their detection would be well-nigh impossible, given that 

most neutrinos pass through the Earth far more easily than a 

hot knife through butter. By 1948, the continuous energy 

spectrum of electrons in muon decay indicated the presence of 

a muon neutrino, and this was actually observed in 1962. But 

well before that, in 1957, Moisey A. Markov, at Moscow, had 

pointed out that muon neutrinos would, at great depths in the 

Earth, trigger the occasional muon production through the 

inverse beta decay process 

𝜈𝜇 + 𝑝 → 𝜇+ + 𝑛 

and the final-state muon could be detected. These muon 

neutrinos, produced when primary cosmic rays (mostly 

protons from the Sun) strike the upper atmosphere, are called 

atmospheric neutrinos to distinguish them from the solar 

neutrinos, which are produced directly by nuclear fusion 

processes inside the Sun.   

The TIFR group quickly realised that the environment at 

depths greater than 2 km inside the Champion Reef mine was 

just the place to look for stray muons produced by an 

atmospheric neutrino hitting a proton in the miles of rock 

around the mine. Shielding the muon detector from above 

would ensure that this muon was not a stray cosmic ray muon 

but was genuinely produced by a neutrino interaction in the 

surrounding rocks. The experiment started in 1960, as a 

collaboration between TIFR (led by M.G.K. Menon), the 

University of Durham (led by Arnold Wolfendale) and Osaka 

University (led by Saburo Miyake). After five years of careful 

data taking, they published incontrovertible evidence for 

atmospheric neutrinos in the Physics Letters (1965). 

 

The KGF atmospheric neutrino experiment. Muons from the 

atmosphere are absorbed, but muons from νN scattering are 

seen. 

An interesting aside to this success story is the intense rivalry 

under which it happened. Reines, discoverer of the neutrino, 

had wished to search for atmospheric neutrinos using the ideal 

environment in the Kolar mines. He had approached TIFR for 

help, but when it turned out that the American wanted only 

logistic help and was not ready for a scientific collaboration, 

Bhabha turned him down, declaring that TIFR would go it 

alone. From that point, Reines became a formidable rival, 

choosing an equally deep gold mine in South Africa to carry 

out his own set of experiments. This also met with success and 

almost at the same time. But Reines missed the bus by just two 

weeks. His paper was received by the Physics Letters on 26th  

July, while the TIFR-Durham-Osaka paper had been received 

on 12th July. Bhabha could smile again.   

 

The atmospheric neutrino detector at the KGF [Photo: TIFR 

Archives] 
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In the 1970s, the Kolar experiments were repurposed                   

to look for proton decay, which had been first predicted by 

Jogesh C. Pati and Abdus Salam in 1974, followed by the 

more popular Grand Unified Theory of H. Georgi and            

S.L. Glashow. However, no proton decays were seen ― and 

none have been seen till date.  

Meanwhile the Kolar mines decayed, as the gold-bearing 

seams were gradually worked out, and it became clear that the 

cost of extracting gold out of ever-deepening layers would 

exceed the price at which it could be sold. Losing profitability, 

the mines were finally closed down in 2001. The experiments 

had already been stopped in 1992. The Champion Reefs mine 

is now reported to be full of water, as Nature slowly reclaims 

her own.  

Aftermath 

From the 1970s, as bigger and more powerful accelerators 

began to come into use, the focus of particle physics shifted 

away from cosmic rays to accelerator-based physics. This led 

to remarkable discoveries, including the quarks, the tau lepton 

and, most recently, the Higgs boson, thereby cementing the 

Standard Model of elementary particle physics. Giant 

colliders are still the most favoured instruments to search for 

new physics beyond the Standard Model, and Indian scientists 

are integrally participating in the equally giant international 

collaborations associated with these machines.   

During the last decades of the twentieth century, cosmic rays 

became a somewhat arcane topic, with attention shifting to the 

ultra-high energy end of the spectrum, which comes from 

extremely violent events in the Universe. The limelight was 

definitely stolen by atmospheric neutrinos, which were shown 

to undergo flavour oscillations, like the solar neutrinos, in 

1998. Each of these discoveries earned a Nobel Prize, but the 

experiments were carried out in Japan and Canada and 

elsewhere, not in India. As a footnote, a much-belated Nobel 

also went to Frederick Reines (1995), fully forty years after 

his pioneering discovery of the electron neutrino. 

In recent times, as accelerators have failed to find new physics, 

there has been a slow shift of interest back to cosmic rays. The 

vast IceCube Neutrino Observatory, which uses a cubic 

kilometre of the Antarctic ice cap, densely seeded with 

detectors, as the apparatus, has been in operation since 2010 

and is definitely the biggest telescope ever built. Sadly, none 

of the 53 participating institutions in IceCube is from India. In 

fact, the only cosmic ray efforts now on in India are the 

GRAPES-3 experiment at Ooty, and the HAGAR 𝛾-ray 

telescope at Ladakh, both being run by TIFR. Both look at 

specific astrophysical phenomena, which are interesting in 

their own right, but probably not of great significance for 

particle physics.   

Last, but not the least, there is the India-based Neutrino 

Observatory (INO) project, the true successor of the KGF 

experiment. Sadly, the project has been bogged down for 

about two decades in land acquisition issues. Not until these 

are resolved is there much chance of India regaining the strong 

position she once had in the field of cosmic ray physics. 
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