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Abstract 

Creativity and novel ideas in instrumentation are key to making progress in the understanding of our universe. Physics and 

science in general have made tremendous progress in elucidating theories and laws which govern the fundamental building 

blocks of nature. This would not have been possible, were it not for the technological advances in instrumentation. With 

progressively sophisticated experiments and ever-increasing complex analysis of data, particle physics or high energy physics 

(HEP) is viewed as an enabler not only for fundamental discoveries, but also for dramatic advances in several other fields of  

science. As an example, very advanced microscopes that are now routinely used in biology and medicine have their roots in 

particle physics. Breakthrough physics experiments have been facilitated by technological advances and physics needs have 

driven the necessary technological development and have made a high societal impact. In this article, I would like to recall the 

seminal work done by Bibha Chowdhuri towards the discovery of a new particle in the 1940s, followed by some developments 

in instrumentation for high energy physics since the 1950s with a focus on gaseous detectors. 

 

 

Introduction  

The first documented gas radiation detector was the gold 

leaf electroscope [1], of the 18th century: two thin gold leaves 

inside a volume of air fly away from each other when like 

charges are placed on them, measuring the integrated total 

charge deposited on them from the outside. This was followed 

by the ionization chamber of Rutherford and Geiger which, in 

essence, was the first proportional counter since it produces a 

pulse of charge for each incident radiation in the gas inside.  

Dreaming of working in a laboratory would remain but a 

dream for many a woman scientist in India, particularly in the 

days when Bibha was growing up, a century ago. In the late 

19th century, Jagdish Chandra Bose started conducting 

experiments for scientific research. Inspired from pioneers 

like Lord Rayleigh, he was instrumental in thereby laying the 

important foundation of experimental research [2, 3] in India. 

Those were the people who were dedicated to the vision of 

making India a scientific nation. Debendra Mohan Bose 

initiated cosmic ray research in India. He worked closely with 

Sir Joseph John Thompson and Charles Thomson Rees 

Wilson, in 1907, on the Wilson cloud chamber at the 

Cavendish Laboratory. At the University of Chicago, cosmic 

ray research started after Compton’s visit to India in 1926 [4], 

where experiments conducted in Kashmir were facilitated by 

Shanti Swarup Bhatnagar. Around the same time Patrick 

Blackett was working in Cavendish Laboratory. His work on 

the investigation of cosmic rays using his invention of the 

counter-controlled cloud chamber got him the Nobel Prize in 

Physics in the year 1948. Bibha’s work (e.g. see Figure 1) was 

a common link at all the laboratories mentioned here [5]. 

 

Figure 1: A large shower produced in a cloud chamber 

(Credit: University of Manchester [5]). 

Bibha Chowdhuri and her pioneering work on 

cosmic rays 

D.M. Bose joined Bose Institute as Director in late 1937, and 

Bibha Chowdhuri was his research student. She made 



Physics News 

Vol. 51(1-2)   46 

significant contributions towards the discovery of mesons 

using photographic plates and published three papers 

consecutively in “Nature” [6].  

With Homi Jehangir Bhabha as the founding director of the 

newly established Tata Institute of Fundamental Research 

(TIFR) in Bombay, Bibha Chowdhuri got her appointment in 

1949 with a distinction of being the first woman researcher. 

She worked on detecting high energy muons associated with 

extensive air showers exploiting “Scintillator Detectors” 

together with arrays of neon flash tubes. She continued with 

rigour following her dream field of “High Energy Physics,” 

working on investigations aimed to study nucleus-nucleus 

interactions at relativistic energies. In her pioneering work 

at TIFR she concluded that ‘distribution of particle densities 

in Extensive Showers obey a power law’ and determined the 

exponent of the integral density spectrum. Further, she studied 

three-fold, fourfold and five-fold coincidences with iron and 

lead plates as absorbers, a technique well used even today. In 

one experiment, she set and measured coincidences of the 

penetrating cosmic radiation with four-fold counters recording 

data with shielded counters under a 15 cm lead brick. In a 

second experiment, the top 5 cm of lead was exchanged for 16 

cm of iron. She found that the density spectrum (as well as the 

counting rates under the two different conditions) were the 

same. She stated that according to the cascade theory at lower 

altitude, due to the effect of cascade multiplication the density 

of particles in a shower will be increased, so the probability of 

recording the dense part of a shower will increase with 

decreasing altitude. Thus, the whole spectrum will be slightly 

biased towards large showers at lower altitudes and value of 

the exponent will be slightly reduced. She stated that even if 

all these results and her experimental results are taken into 

account: ‘we find no clear evidence whether this variation in 

exponent from 1.7 – 1.5 is due to the effective altitude or is a 

mere fluctuation in the experimental results’. She proposed 

more experiments at different altitudes and observed that 

penetrating extensive showers were 300 times less frequent 

than all Particle Extensive Showers of the same density.’  

 

Figure 2: Multiplate Cloud Chamber at TIFR, similar to the 

one used by Bibha Chowdhuri (Credit: TIFR Archives). 

Her pioneering work was appreciated worldwide and she 

contributed to the research work of Patrick Blackett and Frank 

Powell, Nobel Prize winners 1948 and 1950 respectively. With 

the above discussion and reference to her published works, it 

is well established that Bibha was a pioneer of cosmic ray 

studies, instrumentation and radiation detectors, thus paving 

the way for techniques and physics discoveries of the future 

with trail blazing work done at the TIFR (e.g. see Figure 2).  

These innovative techniques had become routine, both in the 

west and in India, when I started my doctoral work in the 80s, 

yielding my PhD thesis with work on emulsions studying 

proton nucleus interactions to study correlations and cluster 

characteristics at 400 GeV/c [7]. Many contemporaries did 

similar PhDs at various Indian Universities, it is not a matter 

of chance that this research topic was thriving in our 

laboratories in the country, initiated at TIFR by a little-known 

woman scientist on whose shoulders we stand. 

Bubble Chamber and Cloud Chambers 

In this section, I will focus on the further evolution of gaseous 

detectors for ionizing radiation. Radiation has been a far-

reaching tool to study the fine structure of matter and the 

forces between elementary particles. Instruments to detect 

radiation find their applications in several fields of research. 

To investigate matter, three types of radiation are exploited: 

photons, neutrons and charged particles. Each of them has its 

own way to interact with material, and with the sensitive 

volume of the detector. The interaction mechanisms have been 

well studied and are documented in several references [8]. 

Photons in the meV-eV range permit spectroscopy, i.e., to 

probe the energy level of atoms, molecules or solids.  

At CERN, the Big European Bubble Chamber (BEBC) 

(Figure 3(a)) that was operated in the 1970s, is exhibited at the 

Microcosm museum; it is a large size detector with a stainless-

steel vessel, filled with 35 m3 of superheated liquid which was 

was regulated by means of a movable piston. The piston 

expansion, in coincidence with the charged particle beam 

crossing the chamber volume, caused a rapid pressure drop 

with a consequence of the liquid changing phase to vapour and 

the track forming droplets along its path. Cameras from the 

top took photos of the tracks in a magnetic field of 3.5 T. By 

the end of its active life in 1984, BEBC had delivered a total 

of 6.3 million photographs to 22 experiments for analysis. 

Around 600 scientists from some 50 laboratories throughout 

the world had taken part in analysing the 3000 km of film it 

had produced [9]. BEBC enabled the discovery of neutral 

currents, D-mesons and promoted the developments of 

neutrino and hadron physics, carrying out one of the richest 

physics programs. This technique was invented and pioneered 

in1952 by Donald Glaser [10] for which he got the 1960 Nobel 

Prize in Physics. 

On a similar principle, visualization of high-density tracks 

came with the Cloud Chamber (Figure 3(b)), in which, 

saturated air with water vapor was contained inside a chamber 

fitted with a movable piston: when moved, it allows the 

expansion of the air producing water droplets along the tracks 
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Figure 3: (a) The Big European Bubble Chamber and (b) trajectories in a Cloud Chamber 

of any ionizing particle passing through the chamber. Both 

these techniques suffered from the fact that they did not offer 

any information on the time of passage of the ionizing 

radiation. 

Multiwire proportional chamber and its derivatives 

Charged particle detection was revolutionized by the 

invention, in 1968, of the Multiwire Proportional Chamber 

(MWPC) by Georges Charpak [11]. Its advanced derivatives 

are the high accuracy drift chambers (HADC [12]) and Time 

Projection Chambers (TPC) invented by D. Nygren in 1974 

[13]. Despite their various shortcomings, namely modest rate 

capabilities and limited two-track resolutions, these detectors 

have been the work horse of a large number of particle physics 

experiments providing excellent tracking and momentum 

analysis over the last five decades. The MWPC transformed 

particle physics experiments by exploiting avalanche 

multiplication around thin anode wires, it permits fast 

detection and localization of small amounts of charge released 

in a gas by ionizing radiation. Numerous generations of 

multiwire gaseous devices have been developed from the 

original progenitor, such as drift, time-projection, time-

expansion, and ring-imaging chambers (for an exhaustive 

coverage see Ref. [14]). Gradually replacing the slower tools 

like the bubble and cloud chamber, multiwire detectors of 

various designs remained major components of experiments 

for particle physics through the 80s and 90s and continue to be 

detectors of choice to date for large area coverage of muon 

systems. All LEP experiments comprised large gaseous 

detectors based on the multiwire chamber, for e.g., the OPAL 

Jet Chamber, the Delphi RICH, the DELPHI and ALEPH TPC 

(Figure 4(a)) and the L3 Muon Chambers [15]. 

Their use spread into other research fields, including 

astrophysics, industrial and medical diagnostics, and biology 

[8, 9]. In recognition of his invention, George Charpak 

received the 1992 Nobel Prize for Physics. An example of 

radiography is shown in Figure 5 in which the radiography of 

Charpak’s hand was made with a digital X-ray imaging 

apparatus based on the MWPC [16] called the Siberian Digital 

Radiography System, installed in several hospitals.

 

Figure 4: Schematic of (a) ALEPH Time Projection Chamber (TPC) and (b) large readout Multiwire Chambers (MWPCs) 

(a) (b) 

(b) (a) 
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Figure 5: (Left) Roger Bouclier working on one of the first MWPCs, which was tested in a beam-line at the Proton Synchrotron 

in 1968. (Center) Georges Charpak, testing a large drift chamber at CERN in 1970. (Right) Image of Charpak’s hand using 

an MWPC in Siberian Digital Radiography System installed in the Hospital St. Vincent, Paris. (Photographs Courtesy CERN 

archives.

Gaseous detectors at the Large Hadron Collider 

The challenging and hostile scenario for muon detection at 

collider machines like the LHC [17], its upgrades and the 

future International Linear Collider (ILC) [18] has given rise 

to extremely innovative designs and further exploitation of 

gaseous detectors for tracking and triggering. Nevertheless, 

today the technologies exploited at the currently operational 

experiments at LHC are over a decade old due to the time and 

schedule constraints of construction and commissioning large 

systems, which can easily extend to the order of several 

thousand square meters and a construction time of several 

years. New detector technologies are being prototyped and 

evaluated for the LHC upgrades and the ILC for which the 

challenges for precision and radiation tolerance are ever more 

increasing. All physics processes and new discoveries require 

muon tracking and identification in an environment which is 

dense due to hadronic jets, in addition to low energy protons, 

photons and a neutron induced background [19]. The detectors 

used for the experiments at LHC are as varied as the concept 

and design of the individual experiment concept [20]. In 

ATLAS, there are four different types of gas detectors used, 

mainly dictated by the sensitive surface covered, trigger and 

precision and also importantly due to differing radiation 

environment. In total we are looking at LHC muon systems 

above 20,000 m2 of sensitive areas with gaseous detectors, for 

example. Here a mention must be made of the resistive plate 

chamber (RPC) that was pioneered in the 1990s by                     

R. Santonico exploiting two Bakelite plates containing a 

gaseous volume. This turned out to be a “cheap” alternative 

for covering large areas of experiments and “carpets” of 

sensitive detectors have been operating also for cosmic ray 

and neutrino experiments [21].  

A state-of-the-art Time-Projection Chamber (TPC) is the main 

device on the ALICE ‘central barrel’, for tracking of charged 

particles and particle identification. The ALICE TPC, shown 

in Figure 6, [22] was designed to cope with the highest 

conceivable charged particle multiplicities predicted, for 

central Pb–Pb collisions at LHC energy, i.e., rapidity densities 

approaching 8000 at center-of-mass energy of 5.5 TeV. Its 

acceptance covers 2π in azimuthal angle and a pseudo-rapidity 

interval |eta| < 0.9. Including secondaries, the above charged 

particle rapidity density could amount to 20000 tracks in one 

interaction in the TPC acceptance. 

 

Figure 6: (Left) 3D view of the highest densities of charged tracks simulated for central Pb-Pb collisions. (Right) Particle 

tracks measured with multiwire chambers at the endcaps of the ALICE TPC showing relative variation of gas.
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Figure 7: The ATLAS (left) and the CMS (right) experiment at the Large Hadron Collider 

Very large surfaces of muon detectors of the order of 15,000 

m2 based on multiwire proportional chambers are installed in 

the experiments ATLAS, CMS (Figure 7), LHCb and ALICE 

at LHC; see for example, Table 1 [23]; apart from MWPCs, 

these include drift chambers, cathode strip chambers, thin gap 

chambers, resistive plate chambers. 

Micro Pattern Gas Detectors (MPGDs) 

Confronted by the increasing demands of particle physics 

experiments, MWPCs have continuously improved over the 

years. However, limitations have been reached in rate 

capability and granularity. Placing and holding the thin anode 

wires at distances closer than a few millimeters is difficult. 

Moreover, the electrostatic repulsion between the thin anodes 

causes mechanical instability above a critical wire length, 

which is less than 10 cm for 1-mm spacing. A more 

fundamental hindrance is the copious production of positive 

ions in the avalanches, which are only slowly collected by the 

electrodes and which generate a build-up of positive space 

charge that modifies the electric field. As a consequence, the 

proportional gain of the detectors drops quickly at a radiation 

flux above ∼104 s−1 mm−2. To overcome these mechanical 

limitations, gluing the wires to insulating supports was 

proposed, followed over the years by several, often 

undocumented efforts. In 1988, Anton Oed at the Institut 

Laue-Langevin (ILL) in Grenoble introduced a novel concept: 

the MicroStrip Gas Chamber (MSGC) [24]. It consists of a set 

of tiny metal strips engraved on a thin insulating substrate; 

these strips are alternately connected as anodes and cathodes. 

They rely on the same processes of avalanche multiplication 

as do the multiwire devices. The photolithography used in its 

manufacturing permits reduction of the electrode spacing by 

at least an order of magnitude, correspondingly improving the 

multi-hit capability. Moreover, the fast collection of most 

positive ions by the nearby cathode strips reduces space-

charge build-up and greatly increases rate capability. 

Introduced coincidentally with the first projects at high-

luminosity   colliders,   MSGCs   filled   a   gap   between  the 

Table 1: A comparison of the typical coverage and performance parameters for muon detectors in ATLAS and CMS [21]. 
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Figure 8: Principle of a Gas Electron Multiplier (GEM) detector. An electron passes through a micro hole made on copper 

clad Kapton foil with a small voltage difference between the top and bottom, the high field multiplies a single electron up to 

1000 times, using a few foils in tandem one can get very high gains at rather modest voltages.

performing but expensive solid-state strip detectors and the 

cheap but rate-limited traditional gas devices. Intensively 

developed by many research groups, MSGCs led to a new 

family of gaseous detectors called “Micro Pattern Gas 

Detectors” MPGDs (an acronym given by the author) that are 

now components in high-rate tracking systems for major 

experiments. 

For both ATLAS and CMS, novel developments have been 

made with intense R&D over the last two decades. The 

upgrade of the CMS Muon system with Gas Electron 

Multiplier (GEM) [26] detectors has recently been completed 

[27] and that of ATLAS called New Small Wheel based on 

MicroMegas Detectors is underway [28]. 

The CMS GEM collaboration that the author conceived and 

led as project manager over the last decade was to introduce 

this new GEM technology (Figure 8). We have just finalised 

the installation of the new GEM detectors in the outermost 

layer of the CMS experiment: the endcaps. In total, 144 GEM 

detectors have been inserted into the CMS experiment in order 

to detect muons that scatter at an angle of around 10° in 

relation to the beam axis (Figure 9). With installation 

complete, the next step is to fully commission the GEMs of 

both endcaps, 288 additional GEM chambers will be installed 

during the 2023-2024 year-end technical stop. Then, during 

Long Shutdown 3 (between 2025 and 2027), 216 more 

chambers  will  be  added.  Nearly  650  new  muon  detectors

spread over three stations will search for the  muons  that  will 

be produced in the very forward region of CMS in the High-

Luminosity LHC (HL-LHC) era, due to start at the end of 

2027. 

The ALICE TPC (Figure 10) was instrumented with endcaps 

of multi wire proportional chambers during the last running of 

the LHC. They have now been replaced by detectors based on 

Gas Electron Multipliers (GEMs) as well [30] (Figure 11). 

This upgrade, together with new readout electronics will allow 

ALICE to record the information of all tracks produced in 

lead–lead collisions at rates of 50 kHz, producing data at a 

staggering rate of 3.5 TB/s during the future running of the 

LHC due in 2022. The average load on the chambers under 

these conditions is expected to be as high as 10 nA/cm² and 

detectors have been thoroughly validated before installation; 

commissioning is ongoing presently. 

In Figure 12, we see a particular example of applications of 

GEM detectors beyond particle physics. An image of a small 

bat (width 32 mm with a pixel size of 50 µm). Two-

dimensional read-out boards made using GEM technology 

have been made for digital absorption radiography, and this 

system can be used for medical imaging [31]. In the centre is 

shown   the   GEMPix   detector   that   combines   GEM   and 

Medipix, a family of photon-counting pixel detectors. The 

features of each technology are enhanced and the resultant 

technology is a hybrid device that is able to detect all types of 

 

Figure 9: (Left) GE1/1 chambers being installed in CMS thereby completing the installation of the first station. (Right) The 

very first cosmic rays measured with the brand new GEMs complementing the gaseous detector muon system. The red line 

between the two layers represents a muon.
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radiation with a high spatial resolution. The purpose of the    

technology is to measure and visualise the low-energy 

deposits in gas or tissue-equivalent samples [32]. On the right, 

the author is seen with a colleague and their invention [33] - a 

fast timing detector based on combining two technologies 

again the GEM and the RPC into a Fast-Timing Micropattern 

(FTM) Detector with promise for future experiments and 

applications.

 

Figure 10: (Left) A schematic view of ALICE and (right) the Time Projection Chamber, the two endplates that housed the 

multiwire chambers earlier and have now been upgraded with GEM detectors.  

 

Figure 11: (Left) An interior view of the TPC field cage that took a large amount of R&D to ensure operation in the hostile 

LHC conditions and (right) the replacement of the endcap MWPCs with the GEM detectors [30] 

 

Figure 12: (Left) Radiography of a bat using a GEM Detector [14], (center) the GEMPix is a small gaseous detector with a 

highly pixelated readout, consisting of a drift region, three Gas Electron Multipliers (GEMs) for signal amplification [32] and 

(right), the Fast Timing Micropattern (FTM) Detector invented and co-patented by author [33]. 



Physics News 

Vol. 51(1-2)   52 

Conclusions 

 

There is no doubt that the literally trail blazing work by Bibha 

Chowdhuri has led the way for scientists all around the world 

in the 1940s and 1950s to consolidate knowledge and 

techniques on measuring cosmic rays and their properties. Her 

seminal and leading-edge work was followed by Nobel Prizes 

to her contemporaries in the West. In my opinion, this was 

possible given her dedication, passion and extraordinary drive.  

Bubble Chambers opened the way for Multiwire chambers 

which is turn made way for micro pattern gaseous detectors.  

With advanced technologies, techniques, electronics and 

algorithms, operations at very high background particle flux 

with high efficiency, fast timing and excellent spatial 

resolution is possible. This combination of parameters 

determines the main application of micropattern detectors in 

particle physics experiments: precise tracking in the areas 

close to the beam and in the end-cap regions of general-

purpose detectors. And for that there is no match as compared 

to a very advanced time projection chamber. We wait with 

bated breath to see the first particle tracks from heavy ion 

collisions when the LHC is switched on again. For all this, we, 

women in science, will always stand tall on the shoulders of 

giants like Bibha Chowdhuri! 
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