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Cosmic Ray Research at Calcutta  in colonial India

ÅD. M. Bose
ï 1906 : M.A. in Physics from Presidency College

ï 1907-мфмо ŀǘ /ƘǊƛǎǘΩǎ /ƻƭƭŜƎŜΣ /ŀƳōǊƛŘƎŜΦ ²ƻǊƪŜŘ ǿƛǘƘ WΦ WΦ ¢ƘƻƳǎƻƴ 
and C.T.R. Wilson

ï 1914- 1934, RashbihariGhose Professor at Calcutta University

ï 1914-1919 At Berlin  worked with Cosmic Ray Pioneer Erich Regener
using Cloud Chamber

ï 1934-1937, Palit Professor at Calcutta University

ï 1938-1967, Director, Bose Institute

ïS. K. Ghosh

ïR. L. Sengupta

ïM. S. Sinha

ïBivaChowdhry



Cloud Chamber at Calcutta University/ Bose Institute

ÅFirst Cloud Chamber in India was built by D. M. Bose and his 
student Subodh K Ghosh as soon as Bose returned from Berlin 
during 1920s.

ÅPhotographed the recoil tracks of radioactive nuclei during the 
process of a emission.

ÅEarliest evidence of disintegration of nitrogen nucleus under 
the bombardment of a particles.

ÅPublished their results in Nature and Philosophical Magazine.

ÅThis work got discontinued for some time and later picked up 
again in late 30s when  D. M. Bose  restartedCloud Chamber 
activities along with HaraprasadDe, RajendralalSengupta and 
Mriganka ShekherSinha.



Mriganka Sekhar Sinha ( 1915-2006)

ÅM.Scfrom Calcutta University in 1936.

Å Joined research group of D. M. Bose.

Å In 1941, Sengupta and Sinha made a large cloud 
ŎƘŀƳōŜǊ ƻŦ олέ ŘƛŀƳŜǘŜǊ ǘǊƛƎƎŜǊŜŘ ōȅ ŀ ŎƻǳƴǘŜǊ 
telescope.

Å In 1943  Sinha was invited by HomiBhabha to 
LL{Ŏ ǘƻ ōǳƛƭǘ ǘƘŜ мнέ /ƭƻǳŘ /ƘŀƳōŜǊςFirst 
detector with which TIFR started its experimental 
program.

Å Built a Muon Spectrometer at  R. E. College, 
Durgapur (now NIT). 

Å Adjunct Prof. of Physics at Burdwan University.



BivaChowdhry( 1913-1991)  

ÅFirst Women High Energy physicist in the country.
ÅM.Sc. From Calcutta University in 1936
ÅApproachedD.M. Bosefor joining hisresearch

group.
ÅUsedPhotographicemulsionplates inventedby

anotherunsung Women Scientist Marietta Blau.
Å Idea of using photographic emulsion plates came 

from a  discussion  with Walther Bothe during the 
Science Congress held at Calcutta  in 1938.

ÅExposed photographic emulsion plates to study 
mesotron shower at
ï Darjeeling ( 7000ft)
ï Sandakphu(12000 ft)
ï Pharijong(14000ft)



BivaChowdhry

ÅMeasured track length, scattering and mean grain density to 
determine particle properties (mass, energy, momentum).

ÅPublished four papers in Nature in quick succession during 
1940-42.

ÅCould identify two particles with masses close to that of mu 
meson and pi meson.

ÅDid not have the resolution to precisely identify the pion.
ÅPioneered the method of measuring particle energy using 

multiple scattering.
ÅMoved to Manchester University to work with P.M. Blackett.
ÅStudied Extensive Air Shower using Cloud Chamber.
ÅJoined TIFR in 1949,  Ecole Polytechnique, France, 1954, 

Michigan University, B.E.College, Sibpur,  PRL in 1962



PiaraSingh Gill  (1911-2002)

ÅA pioneer Cosmic Ray Physicist.

Å.ŀŎƘŜƭƻǊΩǎandaŀǎǘŜǊΩǎdegreefrom Univ.of SouthCalifornia.

ÅPh.D.in CosmicRaysunderArthur Compton atChicago
University.

Å¢ƘŜǎƛǎ ǘƛǘƭŜ ά CǳǊǘƘŜǊ ǎǘǳŘƛŜǎ ƻŦ /ƻǎƳƛŎ wŀȅǎ ƻƴ ǘƘŜ tŀŎƛŦƛŎ 
hŎŜŀƴέ ς9ǎǘŀōƭƛǎƘŜŘ ά/ƻǎƳƛŎ wŀȅ [ŀǘƛǘǳŘŜ ŜŦŦŜŎǘέ ǳǎƛƴƎ 
ionisation chamber.



Å1940- Gill returned to Lahore and joined Forman Christian 
College. Setup experiments to study Azimuthal effect of 
Cosmic Rays.

ÅJoined TIFR in July 1947. He led balloon flights to high 
altitudes.

Å1949 : Appointed prof. & HOD of Physics Dept of AMU

ÅSetup High Altitude Laboratory at Gulmarg using G.M. 
counters and nuclear emulsions developed at AMU.

Å1963- 1971 Director of CSIO.

ÅDuring 70s all heads of Physics Depts in North India from 
Kashmir to Kalyani were old students of P. S. Gill.

PiaraSingh Gill & Early Cosmic Ray Research at AMU



Cosmic Ray Research Unit at IISc Bangalore

ÅSeeds for Experimental High Energy Physics research at  
TIFR were really sown even before TIFR came into existence 
on 1st June, 1945.

ÅIn December, 1944 HomiBhabhaflew  two telesopeswith 
GM counters sandwitchedwith lead plates using US 
airplanes stationed at Bangalore during the war.

ïFirst measurement of high altitude meson intensities  at 
equatorial latitude.

ÅInvited M. S. Sinha to built ŀ мнέ ŎƛǊŎǳƭŀǊ ŎƭƻǳŘ ŎƘŀƳōŜǊ 
ǎƛƳƛƭŀǊ ǘƻ ƻƴŜ ŀǾŀƛƭŀōƭŜ ŀǘ .ƭŀŎƪŜǘǘΩǎ [ŀō ƛƴ ¦YΦ

ïUsed it to study the scattering characteristics of mesons



Early Particle physics experiments at TIFR  

ÅCloud Chambers.

ÅG.M. Counters.

ÅEmulsions.



Muon Life Time measurement (1948-1950)
by B. V. Sreekantan



Conference on Elementary Particles at TIFR in 1950



M. G. K. Menon (1928-2016)

2020



Pioneers



1951 Start of KGF activities

First set of measurements were carried out at NundydurgMines



TIFRHighEnergyCosmicRayGroupduring late 70s



KGF 1951-1954 - GM Counter array
upto a depth of 900 ft (Em~ 200 GeV)

1. Double coincidence circuits.
2. Cathode follower.
3. Film advancing circuits.
4. Inverter.



Temporary closure of KGF activities

Underground experiments at KGF, however, came to 
an abrupt halt as the news of the imminent closure of 
the gold mines spread. Sreekantanand his 
collaborators, therefore, left KGF in 1954 after these 
initial series of experiments.



High Energy Physics using Cosmic Ray beam
Total Absorption Spectrometer at Ooty

ÅAir Cerenkov counter to distinguish
Between pion & proton.

ÅCloud chamber to study the 
interaction in detail.

ÅA calorimeter of Iron & liquid
scintillator stack to measure
energy.



Large Cloud Chamber at Ooty

2m X 1m X1.5m Cloud Chamber during mid 60s ςused for many years at Ooty
Cosmic Ray Lab for interaction studies. 



Cloud Chamber Pictures of Cosmic ray Interactions



A New Lease of Life for KGF activities

ÅThe KGF mines got a new lease of life as the 
management was taken over from the 
private players, first by the Government of 
Mysore in 1956 (Kolar Gold Mines 
Undertakings), and later by the Government 
of India (Bharat Gold Mines Ltd.), as a public 
sector undertaking. 



Kolar Gold Fields Lab restarted  in 1960



KGF  1960-1963
Up to a depth of 2.7 km.  ( 800 ς8400 mwe)



Most comprehensive Depth-intensity curve



Proposal to Detect Neutrinos

ÅMenon, Ramanamurthy, Sreekantanand Miyake, 
Nuovo Cimento, 30, 1208, 1963.
ïIdeal place for carrying out experiments to study 

cosmic neutrinos.

ïImprove the lower limit on proton lifetime, estimated 
at that time to be around 1026 years.

ïProbe the existence of the Intermediate Vector 
Boson, the predicted mediator of weak nuclear force.

This paper started the ball rolling for a series of important 
experiments to be conducted at KGF over the next 30 years to 
study neutrinos and also to explore ideas of baryon non-
conservation.

ÅMiyake, Narasimham, Ramanamurthy, Nuovo 
Cimento, 32, 1505, 1964. 



International Cosmic Ray Conference, Jaipur, 1963

ÅRamanamurthypresented the muon depth-intensity results from 
KGF.

ÅM. G. K. Menon discussed the plan to setup neutrino experiment 
at KGF.

ÅFrederick Reinesdiscussedthe plan to setupneutrino experiment
in South African Mines.



Tata-Durham-Osaka Neutrino Experiment

Å ArnaldWolfendale and his group from Durham University, UK  and 
SaburoMiyake and his group from Osaka City University, Japan joined 
the experiment.

Å It was already known that high energy cosmic ray particles interact 
ǿƛǘƘ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ ǇǊƻŘǳŎŜ pionsand kaons. These in 
turn, decay into muons and neutrinos.

ÅGeorgy T. Zatsepinand Vadim A. Kuzminfrom Soviet Union had 
already made careful calculations of the flux and angular distribution 
of these neutrinos. 

Å In 1962, an accelerator based neutrino experiment at Brookhaven had 
established the existence of a muon neutrino v ,˃ distinct from the 
electron neutrino ve, and measured the neutrino-nucleon cross-section 
to be about 10-38 cm2.

Å These inputs allowed KGF group to estimate the expected rates of 
neutrino interactions underground and to optimisethe size and type 
of detectors required to detect them.

Å A long tunnel at 2300 m depth in Heathcote shaft in the Champion 
Reef mines was chosen  as the site for the experiment.



Neutrino Experiment  at KGF 1965 onwards



KGF Neutrino Experiment 

ÅTelescope 1 & 2 became operational in early 1965

ÅTelescope  3, 4 & 5 by March 1966

ÅTelescope 6 & 7  in June 1967

ÅFirst neutrino event was detected in early 1965 and 
reported in Plys. Lett.  On 15th August, 1965. Two 
weeks later F. Reineset al. reported their observation 
in Phys. Rev. Lett.



Atmospheric neutrino detection in 1965

Atmospheric neutrino detector

at Kolar Gold Field ï1965

Physics Letters 18, (1965) 196, dated 15th Aug 1965



Neutrino Events at KGF



Importance of KGF Neutrino Experiment

Study of neutrinos underground became an 
important area of research in the field of 
particle physics around the world later and 
several Nobel Prize-winning discoveries were 
made using neutrinos underground. Even today 
atmospheric neutrinos remain an exciting area 
of research in particle physics.



Beginning of Neutrino Astronomy



Puzzling Kolar Events

Decay  of some long live particles of mass around 2 GeV and 
lifetime around 10-9 sec.  ?



Muon Angular Distribution Deep Underground

B

A

X gms/cm2

ÅAt very small residual thickness of the atmosphere, ( < 200  gms/cm2) ,

the density of air is proportional to the thickness of the atmosphere 
itself.

ÅDecay probability is inversely proportional to density and thus 
increases as secq

ÅAny deviation from this secqwill suggest new source of atmospheric 
muons other than pion/kaon decay.

r ~ x cosq

r ~ x 



ά5ƛŀƳƻƴŘǎ ŀǊŜƴΩǘ ŦƻǊŜǾŜǊΦέ-- Sheldon Glashow

Grand Unified Theory and Proton Decay



Experiments

Tracking Calorimeter

Homogeneous  Water Cherenkov 



KGF Phase I Nucleon Decay Detector (1979-1992)

Making Proportional Counters at KGF



Testing Proportional counters



Designing and Fabrication of Electronics



Commissioning of KGF Phase-I Proton Decay Experiment



Construction of Detector and Electronics



KGF Phase-I  Nucleon Decay Detector



ICOBAN 1982



Inauguration of  KGF Phase-II Nucleon Decay 
Laboratory  (1983)


