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Abstract 

Experiments carried out by Dr. Bibha Chowdhuri during her tenure at Physical Research Laboratory, Ahmedabad are 
summarised. Personal reminiscences of the author’s association with her during his doctoral work, which was carried out under 
her supervision, are included. The article gives a glimpse of Dr. Bibha Chowdhuri, as an eminent scientist and excellent mentor. 

 

Introduction  

I had the good fortune of working with Dr. Bibha 
Chowdhuri, a reputed Cosmic Ray Physicist, who nearly 
discovered the mu-meson during her early work at Bose 
Institute, Kolkata (and perhaps narrowly missed a Novel 
Prize), for my Ph.D. Dr. Bibha Chowdhuri joined Physical 
Research Laboratory (PRL), Ahmedbad in 1958 after working 
at TIFR till 1953 and spending time at Ecol Polytechnique, 
Paris and University of Michigan from 1954–1958. 

In the following, I will try to summarise her experimental 
work at PRL and share some of the memories of the time I 
spent with her during my Doctoral research work. 

Early Experiments at PRL 

These were the years when PRL was recognized as an 
important centre for permanent operation of meson telescopes 
and neutron monitors – not only at Ahmedabad, Kodaikanal 
and Trivandrum, but also far beyond Indian shores, and for 
studies in the time variation of Cosmic Ray Intensity. 
Extensive Air Shower (EAS) has been Dr. Chowdhuri’s forte 
right from the time of her thesis work and a new chapter was 
opened in Cosmic ray research at PRL after her joining, with 
installation of Extensive Air Shower (EAS) experiments at 
Kodaikanal. Prof. E.V. Chitnis, former Director of Space 
Application Centre, Ahmedabad also worked on this 
experiment. She spent several years working at Kodaikanal 
observatory of PRL, before starting on the design of a new 
experiment related to the study of high energy muons 
associated with EAS.  

Experiment at Kolar Gold Field 

In early 1962, she started planning an investigation to study 
high energy muons (energy >150 GeV) associated with 

extensive air showers to be carried out at Kolar Gold Fields 
(KGF), India, in collaboration with Tata Institute of 
Fundamental Research (TIFR), Bombay. The basic aim of 
such an experiment was to derive information about the 
characteristics of high energy muons in EAS and thereby 
obtain information regarding the nuclear interactions and the 
composition of the primary cosmic rays at high energies. 

Experimental Arrangement of the KGF Experiment 

 

Figure 1: Schematics of the KGF EAS array of TIFR [1] (left) 
and location of the underground detector relative to the centre 
of the EAS array (right). 

The experimental system consisted of the EAS array at the 
surface consisting of 20 scintillator counters, along the 
periphery of concentric circles of increasing radii and a 
penetrating particle detector located at a depth of 194 m 
underground, in the Bullen Shaft of KGF, and the minimum 
energy required by the muon to penetrate this depth was 
about 150 GeV (Figure 1). The EAS array formed a part of 
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the TIFR experimental setup [1]. The penetrating particle 
detector consisted of a scintillator counter, of area 1.5 m ×
1.5 m, viewed by two photomultipliers in coincidence and two 
arrays of Neon Flash Tubes (NFT) placed below the 
scintillator, as shown schematically in Figure 2, forming the 
NFT hodoscope. 

 
Figure 2: Schematic of the underground detector, consisting 
of a scintillator viewed by two photomultipliers in 
coincidence, two arrays of NFTs, separated by lead and iron 
and a set of GM counters. 

The area covered by the hodoscope was 1.2 m × 1.2 m. While 
the top array was placed 10 cm below the scintillator counter, 
the second array was 49 cm below the first array and 10 cm of 
lead and 1 cm of iron plates were placed above it. The lead 
absorber extended to 15 cm on each side of the lower array 
and 30 cm on the back. Each of the arrays consisted of three 
layers of NFTs, each NFT of 120 cm length, sandwiched 
between two aluminium plates between which high voltage 
was applied for 12 µs on detection of a coincidence. Whenever 
a coincidence was obtained between the EAS and the local 
detector, neon flashes were observed in the neon tubes through 
which ionizing particles (mostly muons) passed. The 
hodoscope was photographed, through a system of mirrors, 
from the front end at each trigger event [2]. 

Part of this experiment was done by triggering the NFT 
hodoscope with a local twofold coincidence between the 
scintillator counter and a set of Geiger-Muller (GM) counters 
place under the lead and iron plates. The GM counter-
scintillator telescope enabled the NFT hodoscope to be 
triggered with a single particle and enabled the recording of 
all the cosmic ray muon reaching the detector.  

Results from the KGF Experiment 

The events recorded in the NFT hodoscope were classified in 
three categories: (1) Single track (2) Double tracks and (3) 
Multiple tracks. Large showers, associated with EAS were 

also observed and phenomenologically classified in four 
different groups viz. (I) Rock showers, produced locally in the 
surrounding rocks and consisting of all the secondaries from 
all directions (recorded in the top array) with only a single 
particle or sometimes even none under the 10 cm of lead 
(Figure 3). (II) Events in which single particles are incident on 
the lead absorber and a large dense burst is detected under the 
lead (Figure 4). (III) Small dense bursts, emerging from the 
rock which showed a large spread after traversing the lead 
(Figure 5). (IV) Large rock showers as in Group I, but with 
three or more particles and sometimes a small burst detected 
under the lead (Figure 6). A similar classification was made 
for the data obtained with local coincidence between the GM 
counter and the scintillator detector. It was concluded from the 
data that large showers, formed in the surrounding rock or the 
lead absorber, could be due to the electromagnetic interaction 
of fast muons in the medium traversed. Multiple penetrating 
particles, consisting of three or more parallel particles spread 
over a distance of >50 cm, were interpreted as part of the EAS 
core [3]. 

 
Figure 3: Photograph of a typical Group-I particle shower, in 
the NFT hodoscope, triggered by the muon associated with 
EAS. The white dots are from the glow in the NFTs when 
charged particle pass through them. 

 
Figure 4: Photograph of a typical Group-II particle shower, 
in the NFT hodoscope, triggered by the muon associated with 
EAS. The white dots are from the glow in NFTs when charged 
particle pass through them.
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Figure 5: Photograph of a typical Group-III particle shower, 
in the NFT hodoscope, triggered by the muon associated with 
EAS. The black dots are from the glow in the NFTs when 
charged particles pass through them. The hatched insert 
shows the location of the lead plates, above bottom NFT array. 

 
Figure 6: Photograph of a typical Group-IV particle shower, 
in the NFT hodoscope, triggered by the muon associated with 
EAS. The white dots are from the glow in the NFTs when 
charged particles pass through them. 

Various electromagnetic interactions of muons of energy > 
150 GeV, associated with EAS were also investigated in this 
experiment. Based on the calculations using the cross-sections 
for knock-on, bremsstrahlung and direct pair production, and 
energy spectrum of muons associated with EAS [5-9], it was 
concluded that common types of showers generated by the 
high energy muons associated with EAS, may be interpreted 
as due to pure electromagnetic interaction muons with rock 
and lead. Another group included very large showers which 
reached their maximum development in the rock, but which 
still continued their path through the lead absorber. In most 
cases in more than three particles were detected under the lead. 
These showers could not be accounted for as resulting from 
electromagnetic interaction of muons with rock. Based on 
detailed estimation based on (i) the equivalence of the 
electromagnetic field of high energy muons to a beam of 
virtual photons and (ii) cross-section of the virtual photons 
interacting with nucleons of the medium to generate nuclear 
showers, it was concluded that these events were produced by 
muons through photo-nuclear interactions within the rock. The 
photonuclear interaction cross-section estimated from these 
events was found to be(1.6 ± 0.75)10  cm /nucl. 

In addition to the events described above, several events 

involving the double penetrating parallel particles were 
observed. The criteria for their detection in the projection 
plane was that they should be detected in both the upper and 
the lower NFT arrays, traversing 10 cm of lead, and the angle 
between them should be < 2 . The minimum projected 
separation between the two tracks was found to be ~2 cm. The 
decoherence distribution of parallel pairs, of the high energy 
associated with the EAS with separations < 1 m, was found to 
follow the exponential law 𝐴 exp (𝑟 𝑟 )⁄ , with 𝑟 =  (25 ±
8.5) cm. Comparison with other experiments suggested that 
the parallel pairs may result by interaction on muon with rock 
and one of the particles may be a pion [10]. 

Data from large number of EAS observed in coincidence with 
the underground detector, was analysed to obtain the 
dependence of the total number of muons of energy > 150 
GeV, which was found to vary as 

𝑛 (≥ 150 𝐺𝑒𝑉, 𝑁) = (27 ± 7)
𝑁

10

. ± .

 

for 10 ≤ 𝑁 ≤ 5 × 10 . An increase in the power index was 
indicated for  𝑁 < 10  (Figure 7).  

 
Figure 7: Variation of total number of muons of energy ≥
150 GeV with the size of associated EAS. 

The energy spectrum of the muons was found to be a power 
law of the type 𝐸 . ± . , 150 GeV ≤ 𝐸 ≤ 640 GeV, based 
on the data from the PRL experiments and results obtained by 
Sivaprasad [6]. The observed variation of 𝑛  with N was found 
to be flatter than the one predicted by the known EM models 
for constant primary composition. A primary composition 
varying with primary energy and/or an energy dependent 
change in the characteristics of nuclear interaction at high 
energies was suggested to account for the observed results [8]. 

Personal Reminiscences 

My first meeting with Dr. Bibha Chowdhuri was during the 
course work, which I was taking as a Research Scholar, at 
Physical Research Laboratory (PRL), Ahmedabad in the year
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1964. She gave us a course on “Interaction of High Energy 
Particles and Matter”, and I was extremely impressed by the 
way she taught. At that time there was a feeling in the 
Research Scholars at PRL that she was a tough person to work 
with, which turned out to be totally misplaced as I discovered 
during my work with her for the next several years. 

She was quick to apprise me of the experimental program, 
gave me the task of reading the appropriate literature and 
promptly put me to work on the new detector system which 
she was developing for the experiment at KGF. This included 
a scintillator detector together with arrays of neon flash tube 
to get a visual record of the particles passing through the 
detector. The neon tubes were being made in the glass blowing 
section of PRL, using soft soda glass, and she put me to work 
with the glass blower, Mr. Sharma, who was making these 
tubes. She used to visit us often to track the progress. Those 
were the days when PRL was housed in two double-storied 
building and space was limited. Modest as she was, she 
allowed me to share the room where she was sitting and which 
in addition had a large working table, used for testing and 
development of electronics. 

When the equipment for KGF got ready, she took it upon 
herself to go to KGF, arrange for a furnished Bungalow, hired 
from Mining authorities and fix the location of the experiment 
underground, before asking me and my colleagues to go there. 
We shared the Bungalow with her, with a third occupied by 
her and remaining by the rest of us. 

Working inside the mines has its own difficulties associated 
with frequent rock bursts, water leakages and fire hazards. 
Sometimes the work had to be stopped for several weeks and 
it was her patience and encouragement that kept us going 
during these difficult periods. During normal operation days 
she always accompanied us to the underground experimental 
station for routine check ups and repairs whenever required. 
Mobiles were not in vogue those days and cameras too 
expensive to be bought by somebody on a Rs. 300 pm 
scholarship and I therefore have no pictures of that time with 
me. I however have vivid memory of Dr. Chowdhuri, bearing 
a long, white cotton coat above her dress, a miner’s helmet on 
her head and a long torch in her hand, ready to accompany us 
to the underground laboratory for routine checks/repairs. We 
were also similarly attired and in addition had a lamp attached 
to the helmet and a battery tied to the back. On rare occasions 
of emergency when there were some issues like fire or water 
flooding, she was not allowed to go and I went with security 
personnel of the mines, with a gas mask and a gas cylinder, to 
switch off the power and put safeguards on the equipment. In 
such cases she would impatiently await our return in a 
makeshift laboratory within the mine campus (Bullen shaft of 
KGF) and enquire about our wellbeing and status of the 
equipment. 

Even when she went on, not so frequent, vacations, we had to 
keep her posted about our activities and progress through 
letters, as telephone and trunk call services were not easily 
available and were not frequently used those days.

Our experiment at KGF was operated in association with the 
Extensive Air Shower array of TIFR, on surface, and it was 
my first experience of working with a large group and she 
helped me with that to a great extent. That experience became 
extremely useful when we started working in large groups at 
Institute for Plasma Research.  

She did not ask for any additional facilities like office staff or 
library at KGF from PRL and managed many official tasks 
herself. She was an exceptionally good teacher and took care 
that I kept up with the required studies while doing the 
experiment and collecting data and she provided the books and 
papers for that. She was an avid reader and had a large 
collection of books both scientific and related to literature. I 
had a good fortune of sharing some of those books. She had 
an incredibly good understanding of the subject and was of 
great help in analyzing and interpretation of the experimental 
data. In addition to the Cosmic Rays and High energy Physics, 
she taught me French language, to help me with the foreign 
language examination, which was mandatory part of the Ph.D. 
curriculum at Gujarat University at that time. 

As sufficient data was obtained, she permitted me to return to 
Ahmedabad, in early 1970, to start data analysis and prepare 
my thesis while she continued the experiment for more than 
five years after which she bound up the experiment and 
returned to Ahmedabad. 

By that time, I had submitted my thesis, duly approved by her 
and signed by Prof. Vikram Sarabhai on her recommendation. 
She was a recognized guide for Ph.D. at Bombay University 
and had choice to ask me to register there, which would have 
required me to seek eligibility to do Ph.D. from Bombay 
University. When she joined PRL she did not seek recognition 
as a Ph.D. guide from Gujarat University (where most of the 
research scholars registered for their Ph.D.) and though my 
entire work was done under her guidance, she arranged to 
register me under Prof. Vikram Sarabhai, which speaks a 
volume about her dedication to science without bothering 
about credits.  

Dr. Bibha Chowdhuri had published a good number of papers 
in reputed foreign journals while she was in Bose Institute, 
Manchester and TIFR, but while working in PRL, she 
preferred to publish her scientific work in the journal 
published by the Indian Academy of Sciences. 

After submitting my thesis, I switched to research in 
Experimental Plasma Physics and joined PRL faculty. As she 
returned to Ahmedabad from KGF, she had plans to continue 
her pursuit of EAS studies and conduct experiments on EAS 
and associated radio emissions, a project which she had 
discussed with Prof. Sarabhai, and had started planning before 
Prof. Sarabhai’s sudden unfortunate demise. A radio telescope 
was being planned to be established at Mount Abu by PRL at 
that time and she had plans to put up an EAS array there an 
study EAS and associated Radio Emission. Restructuring of 
research activities and consequent changes at PRL after 
Sarabhai era, perhaps did not permit her to pursue that study 
though  the  radio  telescope did come up at Mount Abu in the
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subsequent years. Around 1977-78, she took a voluntary 
retirement from PRL and returned to Kolkata where she 
continued her research at Indian Association for Cultivation of 

Sciences in collaboration with scientists at SINP. A 
photograph of Dr. Bibha Chowdhuri with PRL faculty 
members is shown in Figure 8.

 
Figure 8: Dr. Bibha Chowdhuri with PRL Faculty

I had my last meeting with her at her residence at 36, Broad 
Street, Kolkata, when I visited her along with my senior 
colleagues Prof. P.K. Kaw and Prof. Abhijit Sen. This was an 
occasion when a symposium was being conducted by Plasma 
Science Society of India, at Saha Institute of Nuclear Physics 
(SINP), Kolkata and we took some time off to pay her an 
unannounced visit. She was pleasantly surprised at this and 
was happy to see all of us. Like a mother enquiring about her 
son, she asked Prof. Kaw how I was doing in the new field, in 
which I had ventured. She was happy to hear some good words 
about me from Prof. Kaw. Several years later, I heard from Dr. 
G. Subramaniam, a close associate of Dr. Chowdhuri during 
her tenure at PRL, and my senior at PRL, of her sad demise in 
1991. 

I learned a lot from her in the early phase of my carrier      
which has served as a building block in my subsequent years, 
and I owe her a lot for this. My humble tributes to Dr. Bibha

Chowdhuri, my guide and mentor, a great lady who dedicated 
her life to the scientific pursuit. 
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Dr. Bibha Chowdhuri worked in the Kodaikanal Observatory of PRL during 1959-1966 with CSIR funding.  In a report 
submitted to CSIR in 1963,  she described the proposal to study the structure of the -mesons and their relative abundance 
as compared to the  electron component in the core of high energy cosmic ray air showers,  to probe the nature of the 
nuclear interactions.  She planned the project in conjuction with TIFR air shower experiment at KGF, which was to be 
transferred later to Kodaikanal cosmic ray station.  Two types of detectors were proposed: plastic scintillators to determine 
the electron density near shower core and Neon flash tubes or conversi tubes for detection of -mesons.  She also stated 
that all the necessary electronic circuits as well as the vacuum system to fill the gas in conversi tubes were made,  but soda 
glass tubings had to be imported from England since it was not available in India (at that time).   

 (Narrated by Srubabati Goswami, Retrieved from PRL records, Credit:  Anil Bhardwaj (Director, PRL)) 


