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X-Side analog front-end (8 boards)

Dr. B.Satyanarayana

Scientific Officer (H), Tata Institute of Fundamental Research, Mumbai

Coordinator, India-based Neutrino Observatory (INO) Project, Pottipuram

Visiting Faculty, Department of Applied Science, The American College, Madurai
AICTE-INAE Distinguished Visiting Professor, Symbiosis Institute of Technology, Pune
T:09987537702 W E: bsn@tifr.res.in B W: http://www.tifr.res.in/~bsn B F: bheesette
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r-Length of the tunnel 2.2 km (approx.)
Tunnel cross-section 7.5m (W) x 7.sm (H)
Tunnel gradient 1:15
Rock overburden 1300m (4000 mwe)
Rock type and density ~ Charnockite, 2.9 gm/cc
Number of caverns 3 (one big and two small)
Size of the main cavern  132m x 26m x 30m (H) 26

gfeepased Neutrino Observatory projeet

A. Kumar, et a/, Pramana - J. Phys. (2017) 88:79

LTRSS

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.

Bodi West Hills, Pottipuram, Theni:*9°68" North; 77°16’' East, 110km West of Madurai (South India)



"CNOTCEOTINO detector: Iron CALorimeter (TORER

¢ Use (magnetised) iron as target mass and Resistive Plate Chambers
(RPCs) as active detector elements for tracking.
¢ Atmospheric neutrinos have large L and Erange. So, ICAL has large
target mass: 50kton in its current design.
Nearly 4n 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)).

¢ o

® 6 ¢ o o



Height of a Will be world’s
5-storey largest

buildi ) electromagnet
il Magnet coils

of iron plates and RPCs, leaving tracks in

Total Welght 50Ktons the latter. Tracks bend as per the charge of

the produced particles, due to the Iron
CALorimeter (ICAL)’s magnetic field.




igures of ICAL detec

Parameter ICAL e-ICAL m-ICAL

No. of modules 3 1 1

Module dimensions 16.2mx16mx14.5m 8mx8mx2.3m (90:1) [ dmx4mx1m (720:1)
Detector dimensions 49mx16mx14.5m 8mx8mx2.3m dmx4mx1im

No. of active layers 160 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

1,950mmx1,910mmx24mm

1,950mmx1,910mmx24mm

1,950mmx1,910mmx24mm

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 (107,266m?) 352 (1,311m?) (90:1) | 20 (74.5m?) (1440:1)
No. of readout strips 3,686,400 45,056 (90:1) | 2,560 (1440:1)




BESESSSRPC characteristics and merits

® & 6 6 O 6 O 6 O O O O o

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

THIN GAP (100 pm) AND HIGH PRESSURES (~10 bar)
HIGH RESISTIVITY ELECTRODE

(PESTOV GLASS, 10° 0 cm

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

HIGH-PRESSURE GAS VESSEL

METAL CATHODE

i
/ SEMI-CONDUCTING GLASS ANODE
SIGNAL PICK-UP STRIPS

DEVELOPMENT OF RESISTIVE PLATE COUNTERS

R. SANTONICO and R. CARDARELLI

Istituto di Fisica dell’Universitd di Roma, Roma, Italy; Istituto Nazionale di Fisica Nucleare, Seziore di Roma, Italy

I( Received 12 January 1981

A dc operated particle detector has been developed and tested, whose constituent elements are two parallel electrode bakelite
plates between which, in a 1.5 mm gap, a gas mixture of argon and butane at ordinary pressure is circulated. The counter has 97%

efficiency and ~1 ns time resolution at an operating voltage of about 10 kV. The output pulse needs no amplification, being
typically 300 mV over 25 2.
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the o ¢ ultra-violet absorbing facing the gas*. The high voltage electrode is a
component of the gas, the photons produced by the

discharge are not allowed to propagate in the gas, * The cement used here and in the following is epoxy resin
thus avoiding the possibility to originate secondary which has been proven to guarantee a sufficient electrical

contact between copper and bakelite. Its conductivity can

discharges in other points of the detector. be increased, if needed, by adding a small amount of graph-

RPCs exhibit much better time resolution than ite.




SSistive Plate Chamber (RP
Readout strips (X)

Insulator
High resistivity electrode

Graphite
coating Gas gap

High resistivity electrode

Insulator
Readout strips (Y)

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



al ¢ 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 = (-eAx, + eAx,)/g.

¢ The induced current due to a single pair is
i =dg/ldt=e(v +V)/g=-evig, V «v.

¢ Prompt charge in RPC is dominated by the
electron drift.
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The avalanche size depends
on the anode distance

The signal 1s induced on the
read-out electrodes

s 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 (o) and
Attachment coefficient (n).

< Average number of electrons produced at a distance x, n(x) = e( nx

“*Current signal induced on the electrode, i(t) =E, ,*vee,*n(t)/V, ,whereE,/V, =¢./(2b + dg).




Hockley—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 =E,qv

q is the charge of the particle;

v is its instantaneous velocity; and

E, 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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fgnal induction process

The movement of the charges in the detector induces a current signal on the read out
electrodes. Because of their small drift velocity. the current signal induced by the
drifting 1ons 1s much smaller than the current induced by the electrons. The induced
current signal of N (%) charge carriers in a cluster that is moving with the velocity
op(t) = #(t) at time ¢ is given by

i(t) = Ew(Z(t)) - 7p(t)eo N(t),

where e 1s the unit charge and E,, is the electric field in the gas gap 1f we put one
RPC read out strip on 1 V and ground all other electrodes. The value E,, is called the
weighting field. It should not be confused with the actual electric field. A schematic
plot of the weighting field and the signal induction process 1s given in Fig. 2.17. For
ncy clusters moving i the gas gap of an RPC, the induced current signal 1s the sum
over all clusters

nci

i(t) = Y E,(Z;(t)) - Up;(t) eo Ny(t) .

i=1




$=0

Figure 2.17: A schematic plot of the weighting field in a strip detector and the signal
induction process in two examples. The induced current 1s calculated using the scalar
product of the weighting field vector and the velocity vector(s) of the moving charge(s).




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 2 X+ hv (Electron attachment)
« X*+e > X + hv (Recombination)

= Isobutane to stop photon induced streamers.
= SF, for preventing streamer transitions.

¢ Growth of the avalanche is governed by dN/dx = aN. ™

¢ The space charge produced by the avalanche, shields (at
about ax = 20) the applied field and avoids exponential
divergence.

¢ Townsend equation should be dN/dx = a(E)N.




ESSSSSSThe avalanche growth "

¢ Anionising 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 fafter gas ionisation is
N(t) = n(g-vt)ext
¢ Current induced on the pickup electrodes is i = eN(t)v/g = evn(1-vt/g)e

o q=Jidt between 0 and t__, (=g/v) is the prompt charge, i.e. q = le*9/(a.g)?,
where | = eng. It is the electron charge delivered by the incoming
particle.

+ Total charge delivered in the gas is Q = en|le**dx = le“9/(ag) (integrated
between 0 and g)

¢ The ratio of prompt to total charge q/Q=1/ag is « 1, as ag < 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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Avalanche mode

e - —

4

Gain of the detector « 108
Charge developed ~1pC

Needs a preamplifier

Longer detector life

Typical gas mixture
R134a:iB:SF4::94.5:4:0.5
Moderate purity of gases is fine!
Higher counting rate capability

~vo modes of RPC operation

i
+++++++H++++++ ++++++ A+ +
. _____________________________________________________________|

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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X/ X/ X/ X/ X/ X/ X/
0’0 0’0 0’0 0’0 0’0 0’0 0’0

X/
0’0

I'expected parameters
No. of clusters in a distance g follows Poisson distribution with an average of [ZEN-g¥/
Probability to have n clusters p(n)ﬁ[%]"ei

Number of electrons reaching the anode

7\ —~ -
Intrinsic efficiency

So ¢, depends only on gas and gap

Intrinsic time resolution [ 1.28/(Ot —,B)VD

So o; doesn’t depend on the threshold.
Area of signal pickup spot NEX%/EX:i4 (— counting rate capability)

X/
0.0

Townsend coefficient (a): 13.3/mm
Attachment coefficient (§): 3.5/mm
Total charge (q,,;): 200pC

Induced charge (q;,,4): 6pC

Charge threshold: 0.1pC
Efficiency (g,,.): 90%

Time resolution(c,): 950pS

Signal pickup spot (S) = 0.1mm?

Gas: 96.7/3/0.3 (R134aliB/SFy)
Electrode thickness: 2mm

Gas gap: 2mm

HV: 10.0KV (E = 50KV/cm)
Relative permittivity (¢): 10

Mean free path (1): 0.104mm
Avg. no. of electrons/cluster: 2.8
Drift velocity (Vp) = 130mmi/ns

K/ X/ X/ X/ X/ X/
0’0 0’0 0’0 0’0 0’0 0’0

R/
0’0



Let, n,=No. of electrons in a cluster
o = Townsend coefficient (No.
of ionisations/unit length)
B = Attachment coefficient (No.
of electrons captured by the
gas/unit length)
Then, the no. of electrons reaching
the anode,

N = noe(a' B)X

Where x = Distance between anode
and the point where the cluster

is produced.

Gain of the detector, M=n/n,

A planar detector with resistive
electrodes = Set of independent
discharge cells

Expression for the capacitance of a
planar condenser — Area of such cells is
proportional to the total average charge,
Q that is produced in the gas gap.

g4
N4
Where, d = gap thickness
V = Applied voltage
€, = Dielectric constant of the gas
Lower the Q; lower the area of the cell
(that is ‘dead’ during a hit) and hence
higher the rate handling capability of the
RPC




Rate capability of a

streamer RPC As noted. each discharge locally deadens the

RPC. The recovery tune 1s approxunately

I S .
-+ . RO = pf Ke, A ~ pke,
—— ———— A I
] |

Numerically this 1s (MKS units)
T=(5x10") x4x(8.85x10") =25

Assuming each discharge deadens an area of 0.1 cm’, rates of up
to 500 HzZm" can be handled with 1% deadtime or less. This is well
below what 1s expected 1 our application.
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2 KANSALI
NEROLAC

PAINTS LIMITED

Regd office : Post Box No. 16322, Nerolac Houze, Ganpatrao Kadam Marg, Lower Parel Mumbai — 400013

Tel - 022-2493 4001 / 2492 8008 FAN - 022-493 5742

E-MII : gnpuet (@ bom3 vsnlneem

PRODUCT DATA SHEET

REF. NO.

REVISION DATE PAGE

1026040

00 31.01.2020 1/1

PRODUCT: CONDUCTIVE COATINGS BLACK FOR GLASS - A

01 |Supply Weight /10L 1102 Kg+3%

02 | Supply Viscosity 25 * 05 Sec by FCB4 @ 30°C

03 | Total Solids by wt (Comp A) 40 *3% by Kg

04 Recommended Thinner 1000052

0S | Thinner Intake 15 %5 9% By Wt.

06 | Application Method By spraying at 18*2 sec viscosity by F/C.B-4 @ 30°C
07 Recommended DFT 20-25p

08 |Comp B -Hardener Hardner for Conductive Coatings Black for Glass

09 | Mixing Ratio Comp. A:Comp.B=100:05 By Wt

10 | Pot Life of Mixed Paint 3 -4Hrs at 30°C

11 Drying/Baking Schedule Air Drying at 30-40°C for 72 Hrs. for full curing.

12 | Color Black

13 | Dry Film Resistivity 1500- 3500 K Ohm at 20-25 u DFT

14 | Sheif Life Six months from the date of manufacturing under normal storage

conditions at 27-30°c when both the components are stored separately and
away from contact of water and moisture. Thinner intake should not be
more than the double of the original after six month of storage.

< KANSAI
NEROLAC

PAINTS LIMITED

Product:-Conductive Coating Black for Glass
Ref. N0:-1019393/1026040

Customer:-M/s. T. I. F. R. Mumbai.
Date:-24.06.2013

Application details of Glasscoat Conductive Black.

Flat Glass panel
N2
Cleaning with Cotton Soaked in Isopropyl Alcohol
Jd
Spray Application of Conductive Coating Black for Glass
(Ref. NO:- 1026040/1019393)
(Application Viscosity: 1711 Sec by Ford Cup B4 @ 30°C)
(DFT: 2543 Microns)
<
Flash Off 10 Min
J
Forced Drying at 80°C /15 Min
N
Cooling for 2 Hrs.
S
Test for Dry Film Conductivity
(1200 - 1500 - 1800 K Ohm)
J
Test for Dry Film Resistivity after 24 Hrs & 48 Hrs.

Note:-

Dry Film Resistivity to be tested by using a TIFR - Jig made up of Glass Wool

& Brass material.

Recommended Thinner for application :- 1000052
Air Pressure:- 4.0kg/cm?

Application:-By conventional spraying.
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Position resolution of (0.98+0.11)mm with
5mm strips, (0.57%£0.21)mm with 3mm strips.
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If the applied voltage at room temperature
T, and barometric pressure P,isV,, then the
voltageV to be applied at any temperature
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Orwhat is the effective applied voltage?
N.B: This accounts for gas behaviouronly.
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Selfie tomography of an RPC detector!
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ICAL detector holds about 200,000 litres of
gas all the time. Gas recycling system ensures
that almost no gas is wasted.
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ICAL detector holds
about 200,000 litres of
gas all the time. Gas
recycling system
ensures that almost no
gas is wasted.
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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

ons of ICAL electronics




Detectorsize: 1,950mmx1,910mmx24mm
Pickup strips: 128 (64 each of X- & Y-planes)

Y-Side analog front-end (8 boards)

X-Side analog front-end (8 boards)
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HONEYCOMB PICK-UP PANEL WITH 2.8cov WIDE COPPER STRIPS
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- ay 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
2 0F

+ 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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— + Detector with good efficiency,
@SME ¥ o0 spatial, timing and energy

nuciide resolutions.

+ Low system dead time (lower dose)

+ Rejection of scattered, random or
multiple events.

+ Scintillation crystals (Bismuth
Germanium Oxide (BGO),
Gadolinium Oxyorthosilicate

Anndhdlation

photon
511 kaV

A
I
! Positron scatters in
tissue losing energy
Positron emitting |
isotope

(GS0),
= Lutetium Oxyorthosilicate (LSO),
Aomiiason etc.) current choices.
G ¥ 511 keV

+ MRPC is a cheaper, works on
Detector direct detection, with higher FOV

Neutrino

B
wn
'l

+ Gamma sensitivity
saturates at a thickness of
400um for bakelite, 200pm
common glass and 150pm
for lead glass.

aE ¢ Standard electrodes are

of- coated with with high Z

: Maria Necchi material acting as y-e

% ———%— converter.

25
Number of gaps

photons <

F‘
Efficiency (%)
6
I

35—




Muons undergo multiple coulomb
scattering within the detector volume.

The angular distribution can be assumed
to be Gaussian, with 02, depending on the
radiation length X, (and ultimately on pZ2).

Muon tracks scattering within the target
volume provide information of its content.

High sensitivity to high-Z, high-density
materials.

, (15A-ferf]z T
O, = —
pef ) X,

A-716.4

X, (cm)

 p-Z-(Z+DIn(287/VZ)

Simple proof of principle:
= Plot vertices with scatter angle above 0.03 rad
= No momentum information

Plot from prototype data:
= Metal cubes Semx 5 om x5 em
=  Aluminium , iron, tungsten

Clear separation between high and low Z materials.

Drift tubes and
Scintillators
are presently
used.

DETECTOR LA'ERS

oy Ll ) ]
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DETECTOR LAYERS \ﬁ*

(S L]

* Discriminator value is used as binary classifier, based on a pre-defined

threshold.

* Evaluate classifier by comparing true positive and false positive rate on 100

sets of 1 minute simulated cosmics.

* Assuming perfect momentum information, 1 minute of data is enough to

reliably identify the block of U in most scenarios.
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Cargo container with stone

[ SR

AWE is building a large size test setup in their facilities.

Large unit (1800 mm x 1800 mm) consisting of 6 RPC, in two orthogonal
directions.

Modular construction to be used as a “detection tile”.

BAESSO, Paolo
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4 HV load regulation: better than 0.1% F.S
SPIPORT O Output ripple/noise voltage: within 200 mV
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""""""""""""""""""""""""""""""""""" | Required LV Input supply: 12V @200mA
L8 Ambient fringe magnetic field: 500 gauss
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The heart of a mass flow controller
is a thermal sensor. It consists

of a small bore tube with two
resistance-thermometer elements
wound around the outside of the
tube. The sensor tube is heated by
applying an electric current to the
elements. A constant proportion of
gas flows through the sensor tube,
and the cooling effect creates a
temperature differential between
the two elements. The change in the
resistance due to the temperature
differential is measured as an

electrical signal.

The temperature differential created
between the elements is dependent
on the mass flow of the gas and is a
function of its density, specific heat,
and flow rate. Mass flow is normally
displayed in terms of volume of

the gas either in standard cubic
centimeters per minute (sccm) or

in standard liters per minute (slm).
The electronics of a mass flow
controller convert mass flow into
volume flow at standard conditions
of 0°C (32°F) and 1 atmosphere.
Because the volume of 1 mole of

an ideal gas at 0° C (32°F) and 1
atmosphere occupies 22.4 liters, a set
point of 22.4 slm will cause 1 mole
of gas to flow during 1 minute.

The bypass forces a constant
proportion of the incoming gas to
be fed into the sensor. The gas flow
through the sensor tube causes

heat to be transferred from the
upstream resistance-thermometer
element to the downstream
resistance-thermometer element.
This temperature differential is
linearized and amplified into a 0 to
5V flow output signal by means of a
bridge circuit. The output signal is
compared with the external set point
signal to the mass flow controller.
The error signal that results from
comparing the output signal with
the set point signal directs the
control valve to open or close to
maintain a constant flow at the

set point level,

Input Power

— Output
Indication

Command
Signal

Amplifier § Comparator
Circuit Control
Circuit

)'I\P_

Base

Figure 2. Operational diagram

No Flow
Condition

Figure 3. Sensor temperature profile
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