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tein’s theory of relativity

travel relative to each other, slower the time
oct when observed from the other.

t the speed of light, time appears to stand
dbse ject.

ieory of relativity

at are either:

in a strong gravitational field

ear the speed of light

day life on Earth, neither of these is true.

onetheless, its effects can still be important when extremely
high precision is needed:

= For example: Global Positioning System (GPS)

@ Constancy of the speed of light

quired whenever we study
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easurement of c

lieved that the speed of light was effectively infinite.
nsuccessful experiments was his attempt to quantify the

our could be accounted for by a finite speed of light.
that the speed of light was something like 2.14 x 10% meters per

ement, considering its antiquity, method of measurement, and 17th

century uncertainty in exactly how far Jupiter was from the Earth, is surprisingly

accurate.
- The modern value of c is 2.99792458 x 108 meters per second.
= Laser interferometers are used to very precisely measure speeds and distances.
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Neutrino (v)

= Proposed by Wolfgang Pauli in Sraed betwen the p-particeand the TErSon
1930 to explain beta decay. {a"ﬁ'}"“tﬁ"f R G E

= Named by Enrico Fermi in 1931. ELAE;ETG e e ]

s Discovered by F.Reines and j‘; I |
C.L.Cowan in 1956. @ : :

= Created during the Big Bang, i; ]: |

Supernova, in the Sun, from i

Beta Particle Energy

cosmic rays, in nuclear reactors, _
n—>p+e +v

p—on+e +v
dp > a+2e +2v, +25MeV

in particle accelerators etc.
= [nteractions involving neutrinos

are mediated by the weak force.
+ + + —
T > U +V, e +V, +V,+V
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Jnigue features of neutrinos

The second most abundant particles in the universe

@ Cosmic microwave background photons: 400/ cm?
@ Cosmic microwave background neutrinos: 330 / cm?®

The lightest massive particles

@ A million times lighter than the electron
@ No direct mass measurement yet

The most weakly interacting particles

@ Invisible: do not interact with light
@ Stopping radiation with lead shielding:

e Stopping «a, /3, ~ radiation: 50 cm
e Stopping neutrinos from the Sun: several light years !

it
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Neutrino oscillations

= [tis now known that neutrinos = Electron and muon neutrinos (v, and v ) are

of one flavour oscillate to the flavour eigen states. They are super

those of another flavour. positions of the mass eigen states (v, and v.)
= The oscillation mechanism is v, =v,cos 0 +v,sin0

possible only if the neutrinos vV, ==V sin 6 + V, COS 6

are Mdssive. = [fatt=0,an eigenstate v (0) = v, then any

= Neutrino experiments are

setting the stage for extension ame S e
of Standard Model itself. vy =v,e" "t cos O +v,e " sin 0

=  Massive neutrinos have = Then the oscillation probability is
ramifications on nuclear P(v, v, L)= sin?28sin21 27 Am2L / E

physics, astro physics
cosmology, geo physics apart " And the oscillation length is
from particle physics A= 2.47m(E/MeV)(eV2 / Am’* )
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#dn Sasso National Laboratory
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JPERA detector
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periment

RACING LIGHT

By comparing the proton signal at CERN to the resulting neutrino signal at Gran Sasso, the OPERA
experiment was able to calculate the neutrinos’ time of flight as they passed through Earth.

Global Positioning
System synchronizes ,
clocks at two locations 4~ @ Finish

Start : y Gran Sasso
CERN National
Geneva, Laboratory
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Protons
|
- -

| | |
Detector = Graphite  Decay Detector

target tunnel




journey of neutrinos
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CERN NEUTRINOS TO GRAN SASSO

Underground structures at CERN Access shaft
éQCN SPS/ECA4

[ Excavated

I Concreted

I Decay tube

(2nd contract)
/06 /2003
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Helium bags Decay tube Hadron stop Muon detectors
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= Baseline: 731.278km (measured with a precision of 20cm,
geodesy campaign, GPS bench marks)

= 400GeV/c from SPS on graphite neutrino production target
(average v energy 17GeV)
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cngs.avi

oncept of GPS

position by precisely timing the signals sent by GPS satellites high above

nits information that include:

each message and computes the distance to each

es along with the satellites' locations are used to compute the position of the receiver.

might seem enough to solve for position since space has three dimensions and a
e Earth's surface can be assumed.

clock error multiplied by the very large speed of light — the speed at which
s propagate — results in a large positional error.

rs use four or more satellites to solve for both the receiver's location and time.
ly computed time is not used by most of the GPS applications, which use only the

ome specialized GPS applications do use the time; these include time transfer, traffic signal

fiming, and synchronization of cell phone base stations.
m  GPS time is accurate to about 14 nanoseconds
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pplications

apping, on land, at sea and from the air.
of relatively high accuracy.
tationary and moving mode.

including enroute as well as precision

on, cargo monito hicle tracking, etc.

d rescue operations
zvous functions.

ncluding collision avoidance

operations.
plications.
| uses, on land, at sea and in the air.

ther specialised uses, such as time transfer, altitude
determination, automatic operation.
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GPS constellation




distance measurement

f the Earth") is primarily concerned with positioning
arying gravity field.

on — to let the x axis point to the North and the y axis to the East.

Point positioning is the determination of the coordinates of a point on land, at
ea, or in space with respect to a coordinate system. Point position is solved by
computation from measurements linking the known positions of terrestrial or
extraterrestrial points with the unknown terrestrial position.
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PIEcise time & distance measurement
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ime-structure: Four bunche
events

3ns long, separated by 524ns, 4%10'

N the experiment:

e is linked to the oscillator used to produce the events time-stamps in between the
hizations.

n The second
to the OPERA master clock.

I These two issues can modify the neutrino time of flight in opposite directions

m More studies in progress by OPERA as well as its competitors.
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THE RESULTS OF TODAY'S HANG ON = THESE ARE
THE REBULTS OF NEXT

FASTER THAN LIGHT EXFERIMENT /
ARE COMING THREOUGH NOwW WEEK'S EXFERIMENT

funrd pATREN
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dchematic of the underground labs

Loading Bay
& Parking

Length of the tunnel 2.1 km (approx.)
Tunnel cross-section 7.5m wide and 7.5m
Tunnel gradient 1:15

Rock overburden 1300m (4000 mwe)
Number of caverns 3

Size of the main cavern 132m x 26m x 20m
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[ALRdetector and construction

Magnet coils

~ Total weight: 50Ktons
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eet of ICAL detector

3

16m x 16m x 14.5m

48.4m x 16m % 14.5m

: . 150
ate thickness 56mm
PC trays 40mm
ield 1.3Tesla
sions 1,950mm x 1,840mm x 24mm
trip pitch 3 0mm
No. {PCs/Road/Layer 8
No. of Roads/Layer/Module 8
[ No. of RPC units/Layer 192
No. of RPC units 28,800 (97,505m?)
No. of readout strips 3,686,400
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“The discoveries of the W and Z bosons at CERN,
the charm quark at SLAC and Brookhaven and the
top quark at Fermilab would not have been possible
without this type of detector, and current research
in high energy physics continues to depend on these

devices”.
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omplex trigger architectures and systems
chitectures for data networks and highways

| Software for high speed data acquisition, visualization
~and web serving etc.

= Efficient encapsulated power supply systems
= Slow control and monitoring systems
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Process: AMSc35b4c3 (0.35um CMOS)

Input dynamic range:18fC — 1.36pC o S RL —~cCL
Input impedance: 450) @350MHz o '“ B o
Amplifier gain: 8SmV/pA ...,

3-dB Bandwidth: 274MHz 1

Rise time: 1.2ns e
Comparator’s sensitivity: 2mV -~

LVDS drive: 4mA

Power per channel: < 20mW T

Package: CLCC48(48-pin) |
Chip area: 13mm? L

Amplifier output pulse height (mV)
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EPA based signal processing

RPC-DAQ Module

Altera FPGA |
svigeatpus| || [rwe |

500nsto

To Trig Sys

FIFO Buffer
oy To Backend

Network
Interface

(Wiznet)

16 Analog Inputs
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AL trigger system

\utonomous; shares data bus with readout system
istributed architecture
CAL, trigger system is based only on topology of the event; no other

¢ LevelO Signals TO,-TO,
¢ Levell Signals T1,-T1y,

* Levell Signals T15,-T15,
* Level2 Signals T25y,p
* Level3 Signal T3S

* Global Trigger Signal
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re reguirements

oller firmware

1d monitor display panels

ta quality monitors

trol and monitor consoles

‘Database standards

= Data analysis and presentation software standards
= Operating System and development platforms
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je BARC. HRI, IGCAR, IMSe, SINP and VECC.

take up 1 year course work at TIFR, Mumbai in both theoretical and
tal high energy physics and necessary foundation courses specially
o train people to be good experimental physicists.

andidates after the course work will be attached to Ph.D. guides at

“areer opportunities for bright engineers in Electronics, Instrumentation,
Computer Science, Information technology, Civil, Mechanical and
Electrical engineers

Dr. B.Satyanarayana, TIFR, Mumbai Tagneeq, MPSTME, Mumbai February 26, 2012

aborating institutions for a Ph. D. degree in Physics on the basis of their

34



B.Tech. Students doing M.Pharm., Medicine/Engineering will

nd final year students of M.A
1dents of B.Sc./B.Stat./B.Math.

ystems Sciences:
tudents of B.E./B.Tech./M.Sc./M.C.A./M.E./M.Tech.

ities for exceptionally talented and strongly motivated students

M-Stat./B.Tech. Exceptionally bright pre-final and
so be considered.

s premier institution for advanced research in fundamental sciences. The Institute runs a
eramme leading to the award of Ph.D. degree, as well as M.Sc. and Integrated Ph.D. in

The Graduate Pro gramme at TIFR is classified into the following Subjects - Mathematics, Physics,
' Computer & Systems Sciences and Science Education.

eer opportunities for bright engineers in Electronics, Instrumentation, Computer
Science, Information technology, Civil, Mechanical and Electrical engineers
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