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Cosmic Ray Research at Calcutta in colonial India

A D. M. Bose
I 1906 : M.A. in Physics from Presidency College
i 190-mMmdpmo G0 / KNRAAOQ&A [/ 2tfS3IST /I YoON
and C.T.R. Wilson
I 1914 1934,RashbihariGhoseProfessor at Calcutta University

I 19141919 At Berlin worked with Cosmic Ray Pioneer ElRelgener
usingdoud Chamber

I 19341937,Palit Professor at Calcutta University
I 19381967, Director, Bostnstitute

I S. KGhosh

I R.L.Sengupta

I M. S.Sinha

i BivaChowdhry



Cloud Chamber at Calcutta University/ Bose Institute

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

A Photographed the recoil tracks of radioactive nuclei during the
process ofa emission.

A Earliest evidence of disintegration of-nitrogen nucleus under
the bombardment ofa particles.

A Published their results in Nature and Philosophical Magazine.

A This work got discontinued for some time and later picked up
again in late 30s when D. M. Bose restart€tbud Chamber
activities along withHaraprasadDe, RajendralalSengupta and
Mriganka ShekhelSinha.



Mriganka Sekhar Sinha ( 19130006)

A M.Scfrom Calcutta University in 1936.
A Joined research group of D. M. Bose.

A In 1941, Sengupta and Sinha made a large cloy -
OKI YOSNI 2F oné RAL YSL’F&{\

telescope.

A In 1943 Sinha was invited ByomiBhabha to B>
LL{O (2 odzAf (0 kit mHée [ 2dzR [/ KI
detector with which TIFR started its experimental
program.

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

A Adjunct Prof. of Physics at Burdwan University.




BivaChowdhry( 19131991)

A First Women High Energy physicist in-the count
A M.Sc. From Calcutta University in 1936

A ApproachedD.M. Bosefor joining hisresearch
group.

A UsedPhotographicemulsionplates: inventedby
anotherunsung Women Scientist MariettBlau

A Idea of using photographic emulsion plates came
from a discussion with Walther Bothe during the
Science Congress held at Calcutta in 1938.

A Exposed photographic emulsion plates to study
mesotron shower at
i Darjeeling ( 7000ft)
I Sandakphu(12000 ft)
I Pharijong(14000ft)




BivaChowdhry

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

A Published four papers in Nature“in.quick succession during
194042.

A Could identify two particles with-masses close to that of mu
meson and pi meson.

A Did not have the resolution'to precisely identify the pion.

A Pioneered the method of measuring particle energy using
multiple scattering.

A Moved to Manchester University to work with P.M. Blackett.
A Studied Extensive Air Shower using Cloud Chamber.

A Joined TIFR in 1949, Ecole Polytechnique, France, 1954,
Michigan UniversityB.E.CollegeSibpur PRL in 1962



PlaraSmgh Gill (191:2002)

FAREWELL PARTY TO D! ARTHUR. H. COMPTON
M. Sc. (Physics) Flul Year 1926-27.
Govt. College LAHORE.

A . I OK SahoaNIa &) diegh@ﬁom Univ. ofSouthCallfornla

A Ph.D.in CosmidRaysunder Arthur Compton atChicago
University.
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PiaraSingh Gill & Early Cosmic Ray Research at AMLU

A 1940 Gill returned to Lahore and joined Forman Christian
College. Setup experiments to study Azimuthal effect of
Cosmic Rays.

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

A 1949 : Appointed prof. & HOD of Physics Dept of AMU

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

A 1963 1971 Director of CSIO.

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



CosnitcrRayfesearthit at I1ScBangalere

A Seeds for Experimental High Energy Physics research at
TIFR were really sown even before TIFR came into exister
on 15t June, 1945.

A In December, 1948 omiBhabhaflew two telesopeswith
GM counterssandwitchedwith lead plates using US
airplanes stationed at Bangalore during the war.

I First measurement of high altitude meson intensities a
equatorial latitude.

A Invited M. S. Sinhatobuilt MHE& OA NDdzt | NJ
SAYCA L NI (2 zyé [N A TRIED 055S- 1|

I Used it to study the scattering characteristics of mesons
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Muon Life Timaneasurement (1948.950)
by B. V.Sreekantan
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Homi Bhabha Bernard Peters Biva Chowdhry Roy Daniel
{1909 - 1966) {1910 -1993) {1913 -1991) {1923 - 2005)

i

Sukumar Biswas B.V. Sreekantan Yash Pal Devendra Lal
{1924 - 2009) {192?_—;()20 {1926 - 2017) {1929 - 2012)
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M. G. KMenon (19282016)
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1951 Start of KGF activities
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First set of measurements were carried outldtindydurgMines




TIFRHigh EnergyCosmidRayGroupduring late 70s




KGF 19511954- GM Counter array
upto a depth of 900t (E,, ~ 200 GeV)
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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 spreadSreekantanand his
collaborators, therefore, left KGF in 1954 after these
Initial series of experiments.



High Eresg\PRhysies usingGosmie Raynbeam
Total Abhsorpitonsspactiometertadoty

M

A Air Cerenkov counter to distinguish
Betweenpion & proton.

A Cloud chamber to study the
Interaction in detail.

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



Large ddoudChanthercatOoty

2m X 1m X1.5m Cloud Chamber during mid §0sed for many years aDoty
Cosmic Ray Lab for interaction studies.



Cloud Chamber Pictures of Cosmic ray Interactions
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A NewLease ol ife for KGF activities

A The 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 GoloFriele sdiale sestariet 196060
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Most comprehensive Deptimtensity curve
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Proposal to Detect Neutrinos

A Menon, Ramanamurthy Sreekantanand Miyake,
NuovoCimentq 30, 1208, 1963.

I Ideal place for carrying out experiments to study
coSmic neutrinos.

I Improve the lower limit on proton lifetime, estimated
at that time to be around 1P years.

I Probe 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 ron
conservation.

A Miyake, Narasimham Ramanamurthy Nuovo
Cimentq 32, 1505, 1964.



International Cosmic Ray Conference, Jaipur, 1963

A Ramanamurthy presented the muon deptintensity results from
KGF.

A M. G. K. Menon discussed the plan to setup neutrino experimen
at KGF.

A FrederickReinegliscussedhe planto setupneutrino experiment
In South African Mines.



Tata-Durham-Osaka Neutrino Experiment

A Arnald Wolfendale and his group from Durham University, UK and
SaburoMiyake and his group from Osaka City University, Japan joine
the experiment.

A It was already known that high energy cosmic ray particles interact
gAUK UOKS 91 NIKQA&a I|pions2nd kashs MEese iny F
turn, decay into muons and neutrinos.

A Georgy TZatsepinand Vadim AKuzminfrom Soviet Union had
already made careful calculations of the flux and angular distribution
of these neutrinos.

A In 1962, an accelerator based neutrino experiment at Brookhaven ha
established the existence of a muon neutring, distinct from the
electron neutrinov,, and measured the neutrinmucleon crossection
to be about 16 cr?.

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

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



Neutrino BxpennentcakBGHA9650awards
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KGF Neutrino Experiment

elescope 1 & 2 became operational in early 1965
escope 3,4 &5 by March 1966
Telescope 6 & 7 In June 1967

A First neutrino event was detected in early 1965 and
reported inPlys Lett. On 1% August, 1965. Two
weeks later FReineset al. reported their observation
In Phys. Rev. Lett.
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Atmosphericrrettitinoideiectionia 4065

DETECTION OF MUONS PRODUCED BY COSMIC RAY NEUTRINO
DEEP UNDERGROUND

C.V.ACHAR, M.G.K.MENON, V.5.NARASIMHAM, P.V.RAMANA MURTHY
and B. V.SREEKANTAN,
Tata Institute of Fundamental Research, Colaba, Bombay

K. BINOTANI and S. MIYAKE,
Osaka City Untversity, Osaka, Japan

D.R.CREED, J.L.OSBORNE, J.B,M.PATTISON and A. W. WOLFENDALE .
- Univeysity of Durham, Durham, U.K.

Received 12 July 1965

Physics Letters 118, (1965) 196, dated 15th:-Aug 1965
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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 Prizevinning discoveries were
made using neutrinos undergroundeven today
atmospheric neutrinos remain an exciting area
of research in particle physics.



Beginning of Neutrino Astronomy

270° 270°

(a) Northern Celestial Hemisphere (b) Southern Celestial Hemisphere



Puzzling Kolar Events
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Decay of some long live particles of mass around 2 GeV and
lifetime around 16° sec. ?



Muon Angular MistribuiioncDee inadergrownd

EVIDENCE FOR A NEW PRODUCTION PROCESS FOR 10'2-eV MUONS*

H. E. Bergeson, J. W. Keuffel, M. O. Larson,T E. R. Martin,{ and G. W. Mason

University of Utah, Salt Lake City, Utah
(Received 28 Octoher 1987)
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A At very small residual thickness of the atmosphere, ( < 2/8s'cm?).

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

A Decay probability is inversely proportional to density and thus
Increases aseq

A Any deviation from thisseay will suggest new source of atmospheric
muons other than pion/kaordecay.
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Grand Unified Theory and Proton Decay

Forces Merge at High Energles
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Experiments

Tracking Calorimeter

Homogeneous Water Cherenkov
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Testing Proportional counters
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Designing and Fabrication of Electronics
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Commissioning of KGF PhakBroton Decay Experiment




Construction of Detector and Electronics
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KGF Phasé Nucleon Decay Detector
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Inauguration of KGF PhadéNucleon Decay
Laboratory (1983)



