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scale array of passive detectors at high mountain
altitude to look for fragments of strange quark matter
in cosmic rays, the most natural candidate for
cosmological cold dark matter.

In space sciences, atmospheric chemistry and
chemical weather, a major new subject of great
national and global importance, was considered to
be of relevance. For this purpose, a mountain site
like Darjeeling in West Bengal, where Bose Institute
already had a campus, would provide ideal
opportunities for such measurements. Radiometric
studies would provide information on the interplay
of rain, liquid water in cloud and atmospheric water
vapour, which would enhance the understanding of
the local climatology and provide input to the global
climate change models. Chemical weather monitoring
at suitable points of varying altitudes would facilitate
interception of trans-boundary pollution flows.

It was, therefore, proposed to the Department
of Science and Technology (DST), Government of
India, to set up a Centre for Astroparticle Physics
and Space Sciences at the Darjeeling Campus of Bose
Institute as a national Facility, which would provide
unique research opportunities to the scientists from
a number of institutions in India and perhaps also
abroad, in partnership and/or collaborative mode. In
particular, this centre, with its observational sites
located at different altitudes in the Eastern Himalayas,
with the base station at the Darjeeling campus of Bose
Institute, would provide research opportunities to
scientists in the North-eastern states of the country.

In keeping with the dream of Acharya Bose,
manpower development in this part of the country

was also proposed as a major goal of this facility.
The proposal was subsequently approved by the DST,
under the IRHPA (Intensification of Research in High
Priority Areas) scheme and the Centre for
Astroparticle Physics and Space Sciences - a National
facility came into being in the year 2005. At present,
the focus of the research is on selected programmes,
which concentrate primarily on the high altitude
environment. To this end, the centre has undertaken
the following four major programmes for the first
phase:

l Cosmic Ray Studies at High Altitude: search
for strangelets and cosmic ray air shower
detector array

l Changing Airspace Environment in Eastern
Himalayas

l Children�s Science Resource Centre:
dissemination of science, outreach programme

l Manpower Resource Development: training
programmes, workshops etc.

Darjeeling district, with an area of 1200 sq.
Miles, is shaped like an irregular triangle. The
southern region, the base, comprises the Terrai, a
marshy low-lying area at an average height of 100 m
above sea level; the apex is formed by the Phalut
ridge where Nepal meets India. The eastern frontier
lies along the rivers Tista and Rangeet, beyond is
Rishi-La and Bhutan. The district headquarter is
located at Darjeeling town. The town, with an area
of 11.44 sq. Km, is located at an average altitude of
~ 2000 m amsl and lies between 26o 31� and 27 o 13�
North Latitudes and between 87o 59� and 88 o 53� East
Longitudes. The population of the Darjeeling town
is more than 100,000 at present. The Mayapuri
campus of Bose Institute, Darjeeling, is situated at
27o 01� N and 88 o 25� E and altitude of 2134 m amsl
(Figs. 1 and 2).

 Cosmic Ray

In this section, we will describe the tradition of cosmic
ray research at Bose Institute, envisaged direction of
research and the present status.

Fig. 1: Bose Institute, Mayapuri, Darjeeling
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History of Cosmic Ray Research at Bose Institute

The research in experimental high-energy physics
using cloud chambers, photographic emulsion and
cosmic ray in India was initiated by D.M. Bose and
his collaborators. D.M. Bose, nephew of J.C. Bose,
during his student days in Cambridge (1910-12),
worked under the guidance of C.T.R. Wilson, the
discoverer of cloud chamber bearing his name [1, 2].
During the period 1914-18, D.M. Bose, then working
in Berlin, installed a new Wilson chamber filled with
hydrogen gas and produced the earliest successful
experimental results. During 1920s, D.M. Bose and
S.K. Ghosh built the first cloud chamber in India.
With S.K. Ghosh, Bose photographed the recoil tracks
of radioactive nuclei during the process of a-emission
[3]. In fact, one of his photographs recorded the
earliest evidence of disintegration of nitrogen nucleus
under the bombardment of a-particle and might have
been an anticipation of the work of Blackett.

The cloud chamber built by Bose and Ghosh
was later used by Haraprasad De and M.S. Sinha,
during 1937-38, for cosmic ray studies under D.M.
Bose, who became the Director of Bose Institute
during 1937. His student M.S. Sinha moved to Bose

Institute with him. R.L. Sengupta, who worked in
the PMS Blackett�s laboratory at Manchester, joined
D.M. Bose�s group. In 1941, R.L. Sengupta and M.S.
Sinha made a large cloud chamber of 30 cm diameter
triggered by a counter telescope.

They determined the rate of emission of
penetrating particles in different thickness of lead and
iron in nuclear disintegration by non-ionizing
particles in cosmic rays resulting in the emission of
heavily ionizing particles. A large rectangular cloud
chamber with 11 plates of 1/8 inch thickness of lead
was subsequently constructed and was exposed to
cosmic rays at Darjeeling [4]. Later on, a magnetic
spectrograph was also built by Sinha and his
collaborators by putting the cloud chamber inside a
strong magnetic field [5].

Apart from the work with cloud chamber, D.M.
Bose�s group was involved in the cosmic ray studies
using photographic plates [6]. Along with Biva
Choudhury, D.M. Bose exposed these plates to
cosmic ray at high altitudes at Darjeeling, Sandakphu
and Pharijong. They studied the cosmic ray tracks in
such plates. They developed a new method for
measuring the masses of the cosmic ray particles by
observing simultaneously the scattering and mean
grain density along the track of these particles. Using
these techniques, they found that the tracks recorded
at Sandakphu (12000 ft) gave a mass of 221 me and
those at Pharijong (15000 ft) a mean mass of 278 me

Fig. 2: Darjeeling Map, Bose Institute, Mayapuri, is indicated with
blue dot

Fig. 3: Cloud Chamber set up at Darjeeling [4]
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[7-9]. These were really the first tracks of mesons,
which were subsequently discovered by Powell in
1945, following exactly the same methodology of
Bose and Choudhury. The main drawback with the
method of Bose and Choudhury was that the emulsion
used by them was not sensitive to minimum ionizing
tracks. As a result, they were unable to separate the µ
and π tracks necessary to identify pions, as was done
by Powell. Around 1945, Biva Choudhury left for
Blackett�s laboratory in England and research in
cosmic ray at Bose Institute did not continue for long.
It stopped altogether when M.S. Sinha moved to
Durgapur Regional Engineering College, sometime
during early 60�s.

Recent Developments

Latter half of the 20th century saw, throughout the
world, a rapid development in the experimental
techniques and instrumentation. The use of
accelerators became a most convenient tool to study
the particle characteristics and the underlying physics.
The energy range of particles, covered by the then
cosmic ray research, was now easily accessible to
physicists through accelerators. So there came a
change in the focus of the cosmic ray research. The
interest shifted to the higher energy ranges, still
inaccessible in accelerators. Since at higher energies,
the flux becomes smaller, it was necessary to increase
the collecting power of the cosmic ray telescopes.
So the installation of large area detector arrays
became in vogue. These arrays were also

complimented by the satellite based and balloon
based observations. Other than this main stream of
cosmic ray research, physicists also looked at cosmic
ray as a possible source of exotic objects which may
not be produced in accelerators, such as monopoles.

In India, Tata Institute of Fundamental Research
(TIFR), with its Cosmic Ray Laboratory at Ooty and
balloon flights from Hyderabad and elsewhere has
become the main hub of experimental cosmic ray
research. At Bose Institute, the necessity of reviving
the tradition of experimental activities was being felt
for some time with the strong belief that instead of
the usual approach, as pursued at TIFR, a new
direction and physical goal, which would complement
TIFR, would be more fruitful in Indian context. The
theoretical activities at Bose Institute in the areas of
physics and astrophysics of strongly interacting
matter, finally paved the way for the realization of a
new focus in the experimental cosmic ray physics.

1. Exotic Components in Cosmic Ray

The recent experimental efforts on cosmic ray
research at Bose Institute originated from the
theoretical work on the understanding of strongly
interacting systems. The quark structure of hadrons
suggest the existence of Strange Quark Matter
(SQM), containing a large amount of strangeness as
postulated by various authors as early as in 1980s. In
a seminal work in 1984, Witten [10] proposed that

Fig. 4: Wilson Cloud Chamber photograph showing meson
production by a cascade process [6]

Fig. 5: Cosmic ray air shower
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SQM with roughly equal numbers of up, down and
strange quarks could be the true ground state of
Quantum Chromodynamics (QCD), the accepted
theory of strong interactions. The occurrence of stable
(or metastable) lumps of SQM, would lead to many
rich consequences; for example, the SQM, which may
exist as relics of the cosmic quark-hadron phase
transition during the microsecond epoch of the early
universe, could provide a natural and viable
explanation for the dark matter as well as the large
amount of dark energy found by WMAP observation
[11].

The final proof of SQM will be its experimental
detection. Especially, the existence of smaller lumps
of SQM would make the task of detection a lot easier,
as these would then be detectable in cosmic ray flux.
The study of smaller lumps of SQM, known as
strangelets, has been done using both liquid-drop
model as well as shell model. The stability of
strangelet can be given in terms of its probability to
decay into neutrons; if the energy per nucleon (E/A)
of SQM is less than the free neutron mass, then it
will be stable against decay into free neutrons. On
the other hand, if E/A is less than the mass of the
neutron inside 56 Fe, then SQM is absolutely stable
and it would be the true ground state of strongly
interacting matter. Though, in general, in theoretical
studies, the SQM in bulk limit gives a stable
configuration over a wide range of parameters, the
strangelets show a magic number like structure as
illustrated in Fig. 6, obtained from the shell model
and liquid drop model (smooth curves) calculations.
The different curves, from bottom to top, correspond
to strange quark mass 0-300 MeV in intervals of 50
MeV [12, 13]. The strangelets are made up of almost
equal number of u, d and s quarks, which have
fractional charges 2/3, -1/3 and -1/3 (in the units of
electronic charge) respectively. Since s quark is
heavier, its number is less than the u and d (massless)
quarks. Hence, strangelets would have a small
positive charge and consequently, a much smaller
characteristic Z/A << 0.5  in contrast to normal nuclei
having Z/A of order 0.5. There will not be any electron
inside the strangelet as electron�s Compton
wavelength is much larger than the size of the
strangelet. Another characteristic of strangelets is that

they can absorb matter, so that their mass would
increase and they would become more stable (bulk
limit) as is evident from Fig. 6. The flux of such
objects in cosmic rays will be very small and
experimentally, a ground-based large detector array
is perhaps the best bet. But before being detected in
the ground-based detectors, strangelets will have to
pass through the earth�s atmosphere. The
characteristics of strangelets being different from
those of normal nuclei, their interaction will be
different as well. Unless they dissociate in the
terrestrial atmosphere, the propagation of strangelets
through earth�s atmosphere would consist of three
different features namely, absorption of neutrons
(increase in mass), absorption of protons (increase
in both mass and charge) overcoming Coulomb
barrier and loss of energy due to ionization. The initial
velocity of the strangelet, at the top of the atmosphere,
would depend on the geomagnetic cut-off, which, in
dipole approximation, is given by,
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where λ is the magnetic latitude and r0 is the distance
from dipole centre. Left hand side gives the
momentum per unit charge of the strangelet (or
nucleus). Using this formula the lower limit on the
velocity of a strangelet with baryon number 64 and
charge 2 is of the order of 0.2c at latitude of 300

corresponding to Sandakphu, where the experimental
setup would be established. Moreover, if the
velocities are too high i.e. kinetic energy is much
higher compared to binding energy of strangelet, then
the strangelet might break up. Considering the total
available kinetic energy for two body system of
strangelet and nitrogen nuclei (most abundant
component in air), the maximum velocity of the
strangelet with mass 64 is around 0.6c-0.7c. So, a
strangelet of mass 64 amu and charge 2 can only have
a velocity in the range 0.2c-0.7c, c being the velocity
of light [14]. Such a strangelet, passing through the
atmosphere will reach the detector with a mass 450
amu and charge 5-16 and enough energy to be
detectable in a passive solid-state nuclear track
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detector like CR-39. A typical variation of kinetic
energy of a 64 amu strangelet, with initial velocity
0.6c is shown in Fig. 7. The theoretical studies on
the stability of strangelets, based on various
phenomenological models, mostly predict a stable
strangelet for a certain parameter window. As a result,
it is finally the experimental observation which would
decide the fate of strangelet. Since it was found that
strangelets could traverse the atmospheric depth and
reach the earth�s surface [15], it was now crucial to
decide the detectors to be used for the observation of
such objects.

The usual SSNTD detectors, such as CR-39,
are suitable for the detection of such objects but are
costly. Here, we would like to point out the fact that
strangelets, being much heavier compared to protons
(dominant component of secondary cosmic ray on
Earth) their flux will be much smaller. A simple
estimate, depending on various strangelet producing
scenarios, such as galactic dark matter source and
binary compact star collision, yields a flux for smaller
strangelets to be of the order of 4-10 per 100 m2

detector layout per year. Such a large array for usual

SSNTD detectors e.g.CR-39 would not only be
extremely costly, it will also have large background
as it will detect even protons. Hence, it was felt by
the physicists at Bose Institute that it was necessary
to explore the possibility of cost-effective new type
of detectors and corresponding experimental set up.

2. Experimental Scenario

The use of passive solid-state nuclear track detectors
(popularly called plastic detectors) in such
experiments has been advocated for quite some time
now. The special advantages of such detectors are
their comparative low cost, their ruggedness,
operability without a stable power source, and their
permanent retention of the incident particles. They
have thus been successfully used in many
experiments, including the NASA SKYLAB and the
Gran-Sasso experiments. Recently, the Mt.
Chacaltaya (Bolivia) program of ground based high
altitude cosmic ray studies has also decided to use a
large area setup of plastic detectors to look for
magnetic monopoles. We are also working on a large
area array of plastic detectors at high altitudes to look
for strange quark matter fragments.

There exist different variants of plastic
detectors, with varying efficiencies and the suitability

Fig. 6: Variation of energy per nucleon with baryon number for
strangelets [12, 13]

Fig. 7: Variation of Kinetic energy with altitude for strangelets [14]
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of one type over the others is determined by the nature
of the sought-for particles. In our case, too high a
sensitivity would be a deterrent rather than an
advantage, as this would lead to very large
backgrounds. To this end, the experimental group at
Bose Institute started investigating the possibility of
using commercially available Overhead Projector
(OHP) foils (transparencies) as possible detectors of
low energy heavy ion fragments.

In order to investigate the detection efficiency
and charge sensitivity of OHP foils in comparison to
the standard detector CR-39, these foils as well as
the CR-39, were exposed inside a vacuum chamber
to both the light (α-particle) and heavy (fission
fragments) nuclei using 252Cf radioactive source. It
was found that the OHP foils used here, can detect
only the heavy fission fragments, whereas, CR-39
can detect both α-particle as well as fission fragments.
The detection threshold of these OHP foils were
found to be very high (Z/β > 35) compared to CR-39
which makes them better suited for the detection of
massive strangelets [16].

The other initial effort was to determine the
polymeric structure of the OHP foils and other similar
substances. For the identification of the polymer
detector, to be used in our experimental setup, an
elemental analysis of the detector sample from
Chembiotek, Kolkata was done, and it was found that
the polymer is a type of terephthalate with chemical
formula (C5H4O2 )n. In another identification

experiment a comparative study of the Infra-red
transmission spectra between that of a known
polyethylene terephthalate (PET) sample and our
unknown polymer detector sample was done using
Perkin-Elmer Fourier Transform Infra-Red (FTIR)
spectrophotometer. This comparison clearly indicated
that this detector material is nothing but polyethylene
terephthalate (PET) [17].

Passage of charged particles through SSNTDs
leave behind narrow damage trails which can then
be enlarged by a suitable chemical etching process
to form etch pits. Such etch pits can be approximated
by geometrical cones with their axes lying along the
damage trails. This happens as the damaged regions
are etched out at a faster rate (called track etch rate
VT) compared to the rate of etching (called bulk etch
rate VB or VG) of the undamaged bulk material. By
studying the geometry of such etch pits, one can
determine the ratio of the track etch rate to the bulk
etch rate (VT /VB). This ratio, called the charge
response, is the most important parameter for
SSNTDs, as it helps in identifying the particles
forming tracks and it depends very sensitively on the
etching condition. For etching, one should choose a
particular concentration and temperature of a suitable
chemical reagent so that etch pits formed are well
defined and are of maximum possible size to
maximize the ratio VT /VB. This is done to minimize
the errors in track parameter measurements and also
to make the task of finding tracks easier.

The charge response of this PET detector to light
nuclei viz. 16O-ions was studied using 53.6 MeV 16O-
ions from IUAC, New Delhi, India, using the air gap
between the flange of the beam pipe and the detector
as the energy degrader. The charge response for this
PET detector was also studied for heavy nuclei viz.
238U using 11.1 MeV/n U-ion beam from GSI,
Darmstadt, Germany, with aluminium foils of
different thickness to degrade the incident energy to
several values (see Figs. 9 and 10). For a better
understanding of the charge response and for
obtaining the calibration curve, these detectors were
also exposed to 2.7 MeV/n 56Fe and 3.9 MeV/n 32S
beams using the pelletron accelerator at IUAC, New
Delhi. The charge response parameter VT /VG has beenFig. 8: Bose Institute, Darjeeling. PET detectors at the rooftop
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can be particularly useful in cases where there is a
requirement for detecting high Z particles against a
low Z background.

3. Some Interesting Results

The PET detectors have been exposed to both cosmic
rays at Darjeeling and accelerator beams at various
accelerator centres in India, Germany and CERN in
Switzerland. The later one was mainly for calibration.
But during these exposures, some interesting
observations have been made which confirm the
potential of such detection technique. As has been
mentioned earlier, the PET detectors are sensitive
only for higher Z/β values. This characteristic reduces
the background coming from the high flux of low Z/
β such as protons. These detectors were exposed to
cosmic ray at Darjeeling for long period. Under the
microscope, in a single projected image frame, there
was generally only one track, for only 2% of the total
scanned area. The projected image frames for the rest
98% of the scanned area had no track at all. However,
in one such single image frame (out of more than
8000) we found six almost identical nuclear tracks
very close to each other (Fig. 14). It is found that the
diameter ~ 10.5–0.26 µm and cone length 10–2 µm
of each of the six etch cones are comparable with the
corresponding figures of diameter = 8.5–0.26 µm and
cone length = 8.5–2 µm for the fission fragments from
252Cf which were earlier detected in the same kind of
OHP detector, as we have reported earlier [16]. So,
they are likely to be heavy ions with Z/β comparable
to that of fission fragments, viz. Z/β ~ 900 to 1600.
The measured flux of this unusual event is ~ 1.1 ×
10�6 /m2 sr sec which is much different compared to
the flux of the primary cosmic rays of Fe-group ( E >
1 GeV/n 10�52 /m2 sr sec.) or the flux of Ultra-Heavy
group (Z>50) at Darjeeling altitude (E > 1 GeV/n
10�138 /m2 -sr-sec.).

The PET detectors, coated with metals (CU, Ag,
Pb), were exposed to 252Cf source. After chemical
etching, two-prong to four-pronged tracks were
observed in each plate as shown in Fig. 15.

The results obtained so far from the PET
observation are extremely encouraging. These
detectors are also being exposed at other places, such

as, Hanley and will be analysed after some time.
These passive detectors, in future, will be combined
with active detectors to make a more complete
observational system.

 Air Shower Simulations

The cosmic ray experimental observations should
always be complimented by air shower simulations
to give us a-priori an idea of the kind of expected
results. It also helps us to understand the basic physics
and the reasons of any deviation that we may observe.
The usual simulation codes, such as, CORSIKA, take
care of conventional cosmic ray propagation and
some of the possible hadronic interaction
mechanisms. These codes have to be modified
suitably to take care of the exotic component, such
as strangelets, in the cosmic ray. At present, we are
studying the different hadronic interaction models,
the corresponding codes and the possible limitations
of each of these codes.

Fig. 14: Six almost identical tracks in a single image frame. The
contours of the circular openings are sharp with an average
diameter of 10.5µm

Fig. 15: Multi-pronged tracks in uncoated PET (a-f ) and Pb coated
PET (g-i)
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In general, there are large uncertainties involved
in the description of high-energy particle interactions.
So the influence of high-energy hadronic models on
air shower observables has been a topic of active
research for quite some time. Recent studies,
however, suggest that the low energy hadronic
interaction models also play a crucial role in the
precise estimation of the low energy secondary
cosmic ray flux in the atmosphere [19] simultaneously
influencing some of the important characteristics of
the extensive air showers.

Recently, we have studied the low energy
hadronic interaction models based on BESS observed
cosmic ray proton and antiproton spectra, observed
at Mt. Norikura, Japan, at medium high altitude. We
have included the effect of solar modulation in our
simulation. The fluxes of cosmic ray secondary
protons and antiprotons at such mountain altitudes
are found to be quite sensitive to the low energy
interaction model.

Among the three popular low energy interaction
models, GHEISHA [20], FLUKA [21] and UrQMD
[22], we find that FLUKA reproduces the results of
BESS observations on the secondary proton spectrum
reasonably well over the whole observed energy
range, the model UrQMD works well at relatively
higher energies, whereas the spectrum obtained with
GHEISHA differs significantly from the measured
spectrum. The simulated antiproton spectrum with
FLUKA, however, exhibits significant deviation from
the BESS observation whereas UrQMD and
GHEISHA reproduce the BESS observations within
experimental error (Figs. 16 and 17).

Changing Airspace Environment in Eastern
Himalayas

The Himalaya braces the northern periphery of the
Indo-Gangetic plains region (IGPR) (Fig. 18), a
region, which has been the seat of intense human
activity for a long time. This region has been the
‘bread-basket’ of the South Asian region thanks to
its contribution in agricultural production. But this
region also supports a large number of industrial
activities and has a major share in the national
consumption of fossil fuel. Thus, the IGPR is not only

Fig. 16: The differential spectra of vertical proton at Mt. Norikura
obtained by using three low energy models as is described
in the text. The results of the BESS observation are also
given for comparison

Fig. 17: The differential spectra of vertical antipr oton at Mt.
Norikura obtained for  three low energy models. The band
shaded densely by the left-tilted lines corresponds to the
simulated spectrum due to the FLUKA model. Similarly,
the band shaded lightly by the left-tilted lines corresponds
to the UrQMD model, and the band shaded by the right-
tilted lines corresponds to the GHEISHA model. The results
of the BESS observation and those obtained by [23] in a
similar  observational condition are also given for
comparison

the source of all kinds of atmospheric pollutants but
also is a vulnerable place due to changing
environment. This complex two-way interactive
mechanism needs to be understood to get qualitative
as well as quantitative information useful for proper
policy formulations to mitigate emissions of
pollutants and to reduce vulnerability. Therefore, the
Himalayas offer a unique place to monitor airspace
environment as it is not only subject to emissions
coming out from IGP Region but also to the pollutants






























