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India-based Neutrino Observatory project

Bodi West Hills, Pottipuram, Theni:  9o58′ North; 77o16′ East, 110km West of  Madurai (South India) 

What INO can do?

▪ Measure atmospheric 
muon neutrinos and 
antineutrinos, separately.

▪ Will target the open 
problem of ordering of the 
three tiny neutrino masses 
- Mass Hierarchy.

▪ Will help address CP 
violation in the neutrino 
sector, which could help in 
our understanding of why 
there is a preponderance 
of matter over anti-matter 
in the universe.

A. Kumar, et al, Pramana – J. Phys. (2017) 88:79



Choice of INO detector: Iron CALorimeter (ICAL)
◆ Use (magnetised) iron as target mass and Resistive Plate Chambers 

(RPCs) as active detector elements for tracking.

◆ Atmospheric neutrinos have large L and E range. So, ICAL has large 

target mass: 50kton in its current design.

◆ Nearly 4 coverage in solid angle (except near horizontal).

◆ Upto 20 GeV muons contained in fiducial volume; most interesting 

region for observing matter effects in 2–3 sector is 5–15 GeV.

◆ Good tracking and energy resolution.

◆ ns time resolution for up/down discrimination; good directionality.

◆ Good charge resolution; magnetic field ∼1.3 Tesla.

◆ Ease of construction (modular; 3 modules of 17 kTons each).

◆ ICAL is sensitive to muons only, very little sensitivity to electrons; 

Electrons leave few traces (radiation length 1.8 (11) cm in iron (glass)).
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Particles produced in the neutrino 

interactions pass through alternating layers 

of  iron plates and RPCs, leaving tracks in 

the latter. Tracks bend as per the charge of  

the produced particles, due to the Iron 

CALorimeter (ICAL)’s magnetic field.



Facts and Figures of ICAL detectors
Parameter ICAL e-ICAL m-ICAL

No. of   modules 3 1 1

Module dimensions 16.2m×16m×14.5m 8m×8mx2.3m                 (90:1) 4m×4mx1m                       (720:1)

Detector dimensions 49m×16m×14.5m 8m×8mx2.3m 4m×4mx1m

No. of  active layers 150 22 10

Iron plate thickness 56mm 56mm 56mm

Gap for RPC trays 40mm 40mm 45mm

Magnetic field 1.3Tesla 1.3Tesla 1.3Tesla

RPC dimensions 1,950mm×1,910mm×24mm 1,950mm×1,910mm×24mm 1,950mm×1,910mm×24mm

Readout strip pitch 30mm 30mm 30mm

No. of   RPCs/Road/Layer 8 4 2

No. of  Roads/Layer/Module 8 4 1

No. of   RPC units/Layer 192 16 2

No. of   RPC units 28,800 (107,266m2) 352 (1,311m2)              (90:1) 20 (74.5m2)                     (1440:1)

No. of  readout strips 3,686,400 45,056                            (90:1) 2,560                                (1440:1)



RPC characteristics and merits
◆ Large detector area coverage, thin (~10mm), small mass thickness

◆ Flexible detector and readout geometry designs 

◆ Solution for tracking, calorimeter, muon detectors

◆ Trigger, timing and special purpose design versions

◆ Built from simple/common materials; low fabrication cost

◆ Ease of construction and operation

◆ Highly suitable for industrial production

◆ Detector bias and signal pickup isolation

◆ Simple signal pickup and front-end electronics; digital information acquisition

◆ High single particle efficiency (95%) and time resolution (~1ns)

◆ Particle tracking capability; 2-dimensional readout from the same chamber

◆ Scalable rate capability (Low to very high); Cosmic ray to collider detectors

◆ Good reliability, long term stability

◆ Under laying Physics mostly understood!
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Argon-Xylene mixture

±5×10−9 sec

Quench circuit
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Yu.N. Pestov & G.V. Fedotovich (1978)

Keuffel, J.W.;
Parallel-Plate Counters
Rev. Sci. Inst. 20 (1949) 202



Resistive Plate Chamber (RPC)
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Principle of operation of RPC
◆ Electron-ion pairs produced in the ionisation 

process drift  in the opposite directions.

◆ All primary electron clusters drift towards the 

anode plate with velocity v and simultaneously 

originate avalanches.

◆ A cluster is eliminated as soon as it reaches the 

anode plate.

◆ The charge induced on the pickup strips is          
q = (-eΔxe + eΔxI)/g.

◆ The induced current due to a single pair is            

i = dq/dt = e(v + V)/g ≈ ev/g, V « v.

◆ Prompt charge in RPC is dominated by the 

electron drift.

Dr. B.Satyanarayana, DHEP/INO, TIFR, Mumbai                         Workshop on "Software Tools and Techniques used in EHEP and its Applications”, MNIT, Jaipur                        July 13, 2021



Signal development in an RPC

❖ Each primary electron produced in the gas gap starts an avalanche until it hits the electrode.

❖Avalanche development is characterized by two gas parameters,  Townsend  coefficient () and 
Attachment coefficient (η).

❖Average number of  electrons produced at a distance x, n(x) = e(- η)x

❖Current signal induced on the electrode, i(t) = Ew • v • e0 • n(t) / Vw,where Ew / Vw = r / (2b + dr).



Shockley–Ramo theorem
The Shockley–Ramo theorem allows one to easily calculate the instantaneous electric 

current induced by a charge moving in the vicinity of an electrode. It is based on the 

concept that current induced in the electrode is due to the instantaneous change of 

electrostatic flux lines which end on the electrode, not the amount of charge received by 

the electrode per second. 

The Shockley–Ramo theorem states that the instantaneous current, i induced on a given 

electrode due to the motion of a charge is given by:

i = Evqv

q is the charge of the particle;

v is its instantaneous velocity; and

Ev is the component of the electric field in the direction of v at the charge's 

instantaneous position, under the following conditions: charge removed, given 

electrode raised to unit potential, and all other conductors grounded.
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Signal induction process





Control of avalanche process
◆ Role of RPC gases in avalanche control

▪ R134a is the ionising gas (83 clusters/cm, compare with Argon’s 30 

clusters/cm used in the streamer mode).

▪ R134a also captures free electrons and localise avalanches.
• e- + X  → X- + h (Electron attachment)

• X+ + e-
→ X  + h (Recombination)

▪ Isobutane to stop photon induced streamers.

▪ SF6 for preventing streamer transitions.

◆ Growth of the avalanche is governed by dN/dx = αN.

◆ The space charge produced by the avalanche, shields (at 
about αx = 20) the applied field and avoids exponential 

divergence.
◆ Townsend equation should be dN/dx = α(E)N.
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The avalanche growth
◆ An ionising particle crossing the gas gap g produces ng free electrons, 

n being the average number per unit length.

◆ Number of drifting electrons at a time t after gas ionisation is                  
N(t) = n(g-vt)et

◆ Current induced on the pickup electrodes is i = eN(t)v/g = evn(1-vt/g)et

◆ q = idt between 0 and tmax (= g/v) is the prompt charge, i.e. q = Ieg/(g)2, 
where I = eng. It is the electron charge delivered by the incoming 
particle.

◆ Total charge delivered in the gas is Q = enIexdx = Ieg/(g) (integrated 
between 0 and g)

◆ The ratio of prompt to total charge q/Q = 1/ g is « 1, as g  20 (the limit 
of the avalanche to streamer transition).

◆ This is due to the fact that most free electrons are produced very near to 
the anode.
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◆ RPC  volume
▪ 2mm glass 

resistive plates

▪ 2mm gap

◆ Gas mixture
▪ C2F4H2 (97%)

▪ iC4H10 (2.5%) 

▪ SF6 (0.5%)

◆ HV applied
▪ 10.0kV

Credit: 

Christian Lippmann

Particle legend
Red: Positive ions

Blue: Negative ions

Black: Electrons



Two modes of RPC operation

▪ Gain of  the detector  « 108

▪ Charge developed  ~1pC

▪ Needs a preamplifier

▪ Longer detector life

▪ Typical gas mixture 

R134a:iB:SF6::94.5:4:0.5

▪ Moderate purity of  gases is fine!

▪ Higher counting rate capability

▪ Gain of  the detector   108

▪ Charge developed ~100pC

▪ No need for a preamplier

▪ Relatively shorter detector life

▪ Typical gas mixture

R134a:iB:Ar::62.8:30

▪ High purity of  gases expected

▪ Low counting rate capability
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Typical expected parameters
◆ No. of clusters in a distance g follows Poisson distribution with an average of 

◆ Probability to have n clusters 

◆ Number of electrons reaching the anode 

◆ Intrinsic efficiency 

◆ So max depends only on gas and gap

◆ Intrinsic time resolution 

◆ So t doesn’t depend on the threshold.

◆ Area of signal pickup spot                         (→ counting rate capability)

Dr. B.Satyanarayana, DHEP/INO, TIFR, Mumbai                         Workshop on "Software Tools and Techniques used in EHEP and its Applications”, MNIT, Jaipur                        July 13, 2021

gn =

( ) 



gn

e
g

n
np

−









=
!

1

ne−−= 1max

( ) Dt v −= 28.1

❖ Gas:  96.7/3/0.3 (R134a/iB/SF6)

❖ Electrode thickness: 2mm

❖ Gas gap: 2mm

❖ HV: 10.0KV (E = 50KV/cm)

❖ Relative permittivity (): 10

❖ Mean free path (): 0.104mm

❖ Avg. no. of  electrons/cluster: 2.8

❖ Drift velocity (VD) = 130mm/ns

❖ Townsend coefficient (): 13.3/mm

❖ Attachment coefficient (): 3.5/mm

❖ Total charge (qtot): 200pC

❖ Induced charge (qind): 6pC

❖ Charge threshold: 0.1pC

❖ Efficiency (max): 90%

❖ Time resolution(t): 950pS

❖ Signal pickup spot (S) = 0.1mm2
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Rate capability of a 

streamer RPC
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Pad readout for digital readout
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Precision studies on coat resistance

Position resolution of  (0.98±0.11)mm with 

5mm strips, (0.57±0.21)mm with 3mm strips.



Automatic RPC gap making



Automated leak test system for RPC gaps
Room temperature, atmospheric pressure and pressure inside 

RPCs are monitored independently and recorded in each 3-5 sec.
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Muons and hadrons in the RPC stack
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Selfie tomography of an RPC detector!



Characterisation studies of RPCs
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Development of Gas systems

ICAL detector holds about 200,000 litres of 

gas all the time. Gas recycling system ensures 

that almost no gas is wasted.



Closed loop gas system

ICAL detector holds 

about 200,000 litres of 

gas all the time. Gas 

recycling system 

ensures that almost no 

gas is wasted.



Functions of ICAL electronics
◆ Signal pickup and analog front-end

◆ Strip hit latch (1-bit ADC)

◆ Pulse shapers, timing units

◆ Background noise rate monitor

◆ Digital front-end and controller

◆ Data network interface and architecture

◆ Multilevel trigger system

◆ Backend data concentrators 

◆ Event building, data storage systems

◆ On-line data quality monitors

◆ Slow control and monitoring
▪ Gas system, magnet, power supplies

▪ Ambient parameters (T, P and H)

▪ Safety and interlocks

◆ Remote access to detector sub-systems and data
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mini-ICAL detector taking data at IICHEP
85-ton, 4m4m11 layer magnet, 

with 20, 2mx2m RPCs and ICAL 

electronics operating for 3 years.
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RPC development in India



The joy of building, together



Stay tuned for …
◆ High quality, but low cost RPC detector production by 

industries for e-ICAL and ICAL.

◆ Alternate gas mixtures for RPCs.

◆ 3D simulation of multi-component, viscous gas flow through 
RPC.

◆ Pixel readout techniques for RPCs.

◆ Neural networks and machine learning techniques for efficient 
track reconstruction.

◆ Muon tomography and cargo scanners.

◆ Prototypes of MRPC based PET devices.

◆ RPC detector technologies for contributing to accelerator and 

other futuristic experiments.
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Backup slides
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Cargo scanning with RPC detectors
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