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Belle Experiment @ KEK
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A general purpose detector with large solid angle coverage and located at the
KEKB e+e- asymmetric-energy collider in Tsukuba, Japan
Holds the world-record for the highest luminosity achieved by a high-energy
accelerator
Collected over 1 ab-1 of data at several ¡(nS) resonances, a large chunk of which
was at ¡(4S) for exploring CP violation (CPV) in the B-meson system
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Results on CPV paved the way for the 2008
Physics Nobel Prize to Kobayashi and Maskawa
Data recorded at the other ¡(nS) resonances are of
special interest as a number of new states (some
being exotic) have been observed for the first time
in those samples
Belle has also made pioneering contributions in
the physics of charm mesons and tau leptons
KEKB is now upgraded to SuperKEKB with a
goal of 40´ more luminosity and a new detector
(Belle II) has been built to harvest the unique data
TIFR is leading many physics analyses in the area
of CPV and hadron spectroscopy
It is also a key player in the upgrade of the Belle-II silicon vertex detector
Members: G. B. Mohanty, S.N. Mayenkar, K.K. Rao, P. Shingade, D. Sahoo, S. Halder

The Compact Muon Soleniod (CMS) experiment
CMS data storage and management
In last centuries, the Standard Model of Particle Physics
is tested very precisely (better than 0.1%), but there are
some unanswered questions, e.g.,
•What is the origin on mass and how do we measure it ?
•Is there a new symmetry between boson and fermion :
SUSY ?
•Are the particles (quark/lepton) fundamental or do they
posses structures ?
•What is “dark matter” made of ? Is a fundamental
particle responsible for it ?
•Does a new form of matter exist at exceedingly high
density and temperature ? Quark-gluon plasma ?

15 PetaBytes of data during one year of data
taking with L = 10-34cm-2s-1 CMS
computing model is designed to access those
data simultaneously by 3000 physicists over
The Large Hadron Collider (LHC) is the world's most powerful
200 institutes. We are hosting one of the
microscope, doing nano-nano science, exploring a distance
CMS Tier-2 center with ~1PB of disk space
-18
scale of 10 m, is design to answer some of those questions,
and 1000 cores of computing power with 4
Gbps guaranteed with best effort up to 10
Beam size ~ 5.5 cm ☓ 15 μm ☓ 15 μm
Gbps connectivity.
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Need a large, complicated detector with ~80 million
electronic channels, which are read out in every 25ns.
Outer Hadron Calorimeter is designed,
constructed at TIFR, commissioned at
CMS experiment and calibrated for
physics performance
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We are searching for signatures of beyond
standard model physics as well as perform
precision measurements of electroweak
sector including Higgs properties.
Additionally, we shall be studying
longitudinal vector boson scattering as a
probe to EWSB sector.
Higgs Discovery at CMS

Members: S.R. Dugad, M. Guchait, G. Majumder, K. Mazumdar, G.B. Mohanty, U. Sarkar, S. Bhattacharya, S.
Chatterjee, M. Kumar

The GRAPES-3 Experiment at Ooty
Website: http://grapes-3.tifr.res.in

The GRAPES-3 (Gamma Ray Astronomy at PeV EnergieS Phase-3) is a world-class cosmic ray
observatory located in the hill town of Ooty, Tamilnadu. It is equipped with an array of 400 plastic
scintillator detectors covering an area of 25,000 m2 to measure relativistic particles in cosmic ray
showers and a tracking muon telescope of 560 m2 area, largest of its kind in the world. Tera-bytes
of data containing the information on flux, energy and direction of cosmic rays are being recorded
and analyzed by scientists from TIFR, several institutes within from India and Japan. Below are
some of the studies that we pursue at GRAPES-3.
v Cosmic ray energy spectrum and nuclear
composition around the knee (~3 x 1015 eV).
v Diffuse gamma rays and cosmic ray anisotropy
at multi-TeV energies.
v Solar phenomena including solar flares, coronal
mass ejections, Forbush decreases.
v Atmospheric acceleration of cosmic ray
particles in the intense electric field of
thunderclouds.
Highlight: Discovery of a transient weakening of
Earth’s magnetic shield
More information at http://grapes-3.tifr.res.in

GRAPES-3 Experimental Site in Ooty

R&D in Detectors and Electronics
The GRAPES-3 laboratory is a unique place to
get training on detectors and instrumentation for
high energy physics. Some detector R&D carried out
here include high quality plastic scintillators and
proportional counters. Development of state of art
electronics is accomplished by using modern and
cutting edge technologies to process ultra-fast signals
from the detectors with the involvement of a large
number of engineering students supervised by their
teachers and TIFR scientists.

GRAPES-3 plastic scintillator

Proportional counter fabrication

Inside view of one of four muon detector halls

GRAPES-3 computing cluster with 1280 cores
and 700 TB hard disk space developed using
in-house expertise to simulate cosmic ray
showers and analyze Tera-bytes of collected data

Members: S.K. Gupta (PI, email: gupta@grapes.tifr.res.in), S.R. Dugad (email: shashi@tifr.res.in), P.K. Mohanty
(email: pkm@tifr.res.in), B. Hariharan, L.V. Reddy, P.K. Nayak, S.D. Morris, A. Jain, B.S. Rao, P Jagadeesan,
K. Ramesh, P. Rakshe , PhD students: Jhansi Bhavani, Meeran Zuberi, Fahim Warshi, Dipti Ranjan Pattanaik

Gamma Ray Astronomy using HAGAR

High Altitude GAmma Ray (HAGAR) telescope array was designed by IIA and TIFR
to study very high energy gamma ray emission from celestial sources. It is located at
Hanle in Ladakh at an altitude of 4.3 km. This experiment is based on atmospheric
Cherenkov technique where celestial gamma rays are detected indirectly through
detection of Cherenkov light caused by air showers initiated by them. The objective is
to view the universe in the gamma-ray window to search for cosmic accelerators and
also to unravel the mechanism of particle acceleration or the associated radiation
emission.
Several Galactic sources like pulsars, supernova remnants, binaries and extragalactic
sources like active galactic nuclei of Blazar class have been observed as potential
sources of cosmic rays
Multi-wavelength
spectral
energy
distribution (SED) of a source is used to
understand the radiation emission
mechanism. As an example, SED of Mrk
421 covering radio to gamma ray bands
fitted with Synchrotron Self-Compton
model is shown. According to this, lower
energy peak in SED is attributed to
Synchrotron emission from electrons in
the jet of the source whereas higher
energy peak corresponds to Compton upscattering of Synchrotron photons by the
same population of electrons
Opportunities for associated instrumentation are also available.
Associated Faculty : V. R. Chitnis

Fundamental Interactions and Gravitation (FI-Lab)
Research Themes
Our focus is on experimental and theoretical studies of
fundamental theories of interactions, especially gravity
and quantum electrodynamics, with novel precision
measurements employing laser-cooled atoms, optical
and matter-wave interferometers and precision
mechanical oscillators. Our laboratory is equipped to
trap and cool atoms of different species down to micro
Kelvin temperatures, create sensors that can measure
forces smaller than a femto-Newton, use light and
matter-waves in interferometers that can measure time
and space with resolutions below femto-seconds and
atto-meters. We study and test deep and fundamental
aspects of gravity, equivalence principle, relativity,
nature of the quantum vacuum, quantum optics, and
foundational aspects of quantum phenomena. A major
theoretical development (Cosmic Relativity) explains
all of dynamics and relativistic effects as consequence
of gravity of cosmological matter. Developing
measurement tools and techniques in house has been
one of our strengths. The lab is well-equipped for
atomic physics and optics experiments with cold atoms
and light. Precision metrology of gravity and inertial
forces with matter-wave interferometers is a future
focus area.

A laser-cooling and trapping experiment

Ultra-cold Potassium atoms trap at 40 µK

A torsion balance to measure Casimir force

The advanced LIGO GW detector: a 4km arm-length optical interferometer.

IndIGO, LIGO-India and Gravitational Waves
We are part of the IndIGO consortium for the development
of gravitational wave studies in India, and the global LIGO
Scientific Collaboration (LSC) for the detection of
gravitational waves, the door to gravitational wave
astronomy in future. An optical interferometer meant as a
prototype gravitational wave detector is under construction
and this is linked to the national mega-science project,
LIGO-India, for the construction and operation of an
advanced LIGO interferometer detector in India with US
collaboration.
More information is available at the
website www.gw-indigo.org.

Unnikrishnan. C. S. (Prof.)
Phone 22782209
unni@tifr.res.in
www.tifr.res.in/~filab
Labs: D418, G-Lab (D-ground)

Bose-Einstein condensate of Rubidium in our lab (2006-07)

India-based neutrino observatory (INO)
http://www.ino.tifr.res.in/ino/

INO site at Bodi Hills

INO cavern

ICAL detector
Background rate

1m × 1m RPC stack in C217

Strip multiplicity
The India-based Neutrino Observatory
(INO) at Bodi West Hill in South India near
Madurai is an underground laboratory to
be constructed for studying rare events
like neutrino interactions. This facility will
have at least 1km rock overburden in all
directions to reduce the background due
to cosmic rays considerably. The INO-ICAL
is one off the few proposed underground
experiments for neutrino physics, which
aims to observe the neutrino oscillation
pattern over at least one full period using
atmospheric neutrinos. Also, it will focus
on the precise measurement of neutrino
oscillation parameters including the sign
of the 2-3 mass-squared difference,
m232(= m23 - m22) and hence helps to
determine the neutrino mass hierarchy 2m × 2m RPC stack in new
through matter effects, the value of the lab
leptonic CP phase and search for any
non-standard effect beyond neutrino
oscillations.
The INO-ICAL detector will be made of
50Kton magnetised iron for the neutrino
interaction and 28,800 resistive plate
chamber s(RPCs) as active detectors to
measure the energy and direction of Close loop gas recirculation and
detected neutrinos. Various sizes of RPCs purification system
have been developed in house and are
regularly being used for R & D. Complete
electronic sub-systems, including the
trigger scheme for INO-ICAL was
ingeniously designed by the members of
the INO collaboration and students. A
complete suit of detector simulation and
event reconstruction code are also ready
for this experiment. Excellent efficiency
and good timing characteristics that are
achievable
besides nearly 1.5 Tesla
magnetic field provide unique capability
to the INO-ICAL detector to identify the
muon charge, consequently to distinguish
the interactions of and to identify the
neutrino mass hierarchy.
ICAL Electronics & DAQ

Members: G. Majumder, B. Satyanarayana, P. Verma, P. Nagaraj, M. Saraf

The Gravitation Experiments Group
The Basic Focus of our group is the Experimental Study of Gravity as a Fundamental
Interaction. To appreciate where such studies fit into the bigger picture, we note some of
the distinguishing features of Gravity:
Ø Gravitational Couplings are “Universal” (Gravity is unique in that it seems
to treat all forms of mass-energy identically, regardless of size, shape and
chemical composition, giving rise to the Weak Equivalence Principle or the
Principle of Universality of Free-fall)
Ø
Ø

"

Gravity is Overwhelmingly Feeble (e.g., #$%&!"'( ≈ 10,-. for a pair of
electrons)
Gravitation has so far remained outside the framework of Unification

Central to our work is an instrument known as the Torsion Balance, and we pursue our
experiments at a dedicated, low-noise underground laboratory at Gauribidanur in
Karnataka. With a history going back over more than 200 years, the fact is that modern
torsion balances remain among the most sensitive mechanical transducers known. The
questions we are interested in are
v Is the Principle of Equivalence violated at some really small level? (our
design sensitivity is as small as a part in 1013)
v Does the familiar Inverse Square law of Gravity break down at some
length-scale? (our interest: violations at length scales below 1 millimetre,
motivated by arguments from higher-dimensional theories)
v Are there Fundamental Forces other than the 4 known ones? (our past
work has imposed some of the best constraints worldwide on some flavours of
these generic “Fifth Forces”)
At left, a schematic overlay depicting the
Gauribidanur Laboratory, with a Torsion
Balance in the Ultra-high-vacuum chamber
at base, 80 feet underground;
At right, a photograph of the lowest portion
of the Equivalence Principle torsional
suspension, with the composite mass-bob
(Lead-Copper) and the mirror for angletracking
We build our most sensitive instruments and control-systems ourselves (spanning the
gamut over mechanical systems, optics and electronics) and are especially interested
in young folk who like to do things with their hands!
Members of the Group: Dr. N. Krishnan (PI); S.M. Pereira, A. Vaidyanathan, P.K.S. Murthy (Sci. Offrs.);
Lab: AB84; Tel: 22782348 / 22782538; e-mail: krishnan@tifr.res.in

SiPM & Detector Instrumentation Development
Overview:
Silicon Photo-Multiplier (SiPM) is state of the art photo detector offering high performance
compared to conventional vacuum tube devices. Our group is focused towards indigenous
fabrication and characterization of SiPM as well as associated instrumentation development
for application of the SiPM in experiments like CMS, GRAPES-3. We are also committed to
CMS experiments for analysis of the physics data as well as involved in various
instrumentation development.

1. Design and Fabrication of Silicon Photo-Multiplier
SiPM is a large array of Avalanche Photo Diodes (APDs)
coupled together through series resistors known as quenching
resistor. For proper operation of SiPM, design is being
carried out with extensive TCAD simulations for various
APD structures and many assisting elements. We have
successfully fabricated and characterized silicon microresistors ( 50 µm × 10 µm). Fabrication of SiPM is
underway.

Microscopic image of the fabricated
resistors and it’s I-V characteristics.

2. SiPM Characterization: Development of Micron Resolution Optical Scanner
We have setup a Micron resolution optical scanner, a
novel characterization facility, to thoroughly test the
SiPM. It provides highly focussed (~ 1.7 µm) laser
beam, which is scanned over the complete area of SiPM
with step of 1 µm. Such 2-D scan offers complete
performance map of the detector. The instrument has
versatile functions and can be used to characterize many
other silicon detectors like silicon micro-strip detectors.

3. Temperature compensated programmable 4. HFRADMON: DAQ for Neutron
Radiation Detectors at CMS experiment
power supply for SiPM
•
•

•

Bias voltage 0-90V with 6mV precision, 16 ch •
Dynamically adjusts SiPM bias as per
temperature feedback. Gain stability of ~ 0.5%
•
achieved.
To be used in GRAPES-3 experiment. Can be •
readily used in proposed imaging telescope
with SiPM.

FPGA based data acquisition and control
system to configure and monitor neutron
radiation detectors
High speed Ethernet based data link
Currently installed at CERN

Group Members:
S.R. Dugad (shashi@tifr.res.in),
A.V. Gopal, S.S. Prabhu, S.K. Gupta,
R. A. Shukla, Irfan R. Mirza

