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INNOVATION AND PRODUCTIVITY:
ENABLERS EVEN FOR EMERGING
PHYSICS EXPERIMENTS



Aims of particle physics

= What s the origin of mass?
= What holds it all together? v

* How many space-time
dimensions do we live in?

= Are the particles fundamental
or do they possess structure?

= Why there is overwhelmingly
more matter than the anti-
matter in the universe?

= What is the nature of the dark
matter that pervades our
galaxy?
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Science and Instrumentation

The Nobel Prize in Physics 1992 was
awarded to Georges Charpak "for his
invention and development of particle
detectors, in particular the multi-wire
proportional chamber”.
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Georges Charpak (1924—2010)
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Indian tradition of high energy physics
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Fermilab, where TOP was discovered

TOTAL USERS

Physicists Students  Subtotal Institutions v

University 761 445 1206 93
Industry 0 0 0
National Lab. 402 20 422
Subtotal 1163 465 1628

. Physicists Students  Subtotal Institutions

B University 459 195 654 91 |
Industry 0 0 0 0 °
National Lab. 294 39 333 23
Subtotal 753 234 987 114

TOTAL 1916 699 2615 213
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MEMBER STATES

AUSTRIA
BELGIUM
BULGARIA
CZECH REPUBLIC
DENMARK
FINLAND
FRANCE
GERMANY
GREECE
HUNGARY
ITALY
NETHERLANDS
NORWAY
POLAND
PORTUGAL
SLOVAKIA
SPAIN

SWEDEN
SWITZERLAND

UNITED KINGDOM

3909

58
98
35
180
68
81
872
944

645

OBSERVER STATES

INDIA 93
ISRAEL 64
JAPAN 182
RUSSIA 940
TURKEY 35

1278

2597

OTHER STATES
ARGENTINA 8

ARMENIA 17
AUSTRALIA 13
AZERBAIJAN 1
BELARUS 23
BRAZIL 68
CANADA 119
CHILE 4
CHINA 60

COLOMBIA 5

CROATIA
CUBA
CYPRUS
ESTONIA
GEORGIA
ICELAND
IRAN
IRELAND
KOREA
LITHUANIA

17

6
10
9

6
14
44
5

MEXICO
MONTENEGRO
MOROCCO
NEW ZEALAND
PAKISTAN
ROMANIA
SERBIA
SLOVENIA
SOUTH AFRICA
SRI LANKA

23 TAIWAN 40
1 THAILAND |
6 UKRAINE 17

23
46
16
16

? 632




World’s most powerful particle accelerator




Startling facts about LHC accelerator

Y

Protons race around a 27 km circuit at 99.999999% the speed of light,
crashing head on into each other 40,000,000 times a second.
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Superconducting magnets: A great spinoff

inthe emptlest space in our solar system...

Heat Exchanger Pipe

Beam Pipe

Helium-Il Vessel

.+ Spool Piece
© _ BusBars

Superconducting Bus-Bar
Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars y Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

: 7 nstrumentation
Protgiggr; Feed Throughs

The beam pipe is evacuated to the same vacuum as interplanetary space
The pressure is about 1/10%™" that of the surface of the moon.




Cold facts about the LHC machine

Superconducting and superfluid liquid helium is maintained at -271.3 °C or 1.9 °K.
That is a little colder than interstellar space.
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Particle interactions inside LHC

will occur some of the hottest reactions in our galaxy...

Violent collisions corresponding to temperatures a billion times higher than the
core of the sun will be produced. That is roughly 160,000,000,000,000,000 C



One of the experiments looking for Higgs




World Wide Web was invented at CERN

and analyzed by the most pOWGFfU' computing system in the world.

Sounding balloon { )
(30 km) - ) CD stack with
& 1 year LHC data!
(~ 20 Km)
/

Concorde
(15 km)

Mont-Blanc
(4.8 km)

Y

The detectors will spew out analyzed data at 700 MB/sec. 15,000,000 GB (or 20 km
That is ~30,000 Encyclopedia Britannicas every second! stack of CDs ) per year
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ATLAS,CMS,ALICE & LHCb detectors

[ MUON CHAMBERS | [ INNER TRACKER | [ cavstaL ecaL |

Muon Detectors Electromagnetic Calorimeters
HCAL |

Forward Calorimeters
Solenoid
VERY FORWARD
CALORIMETER

End Cap Toroid

1

- T
SUPERCONDUCTING COIL ] ==

[Rervanvore |

- Total Weight 14,500t

Barrel Toroid Inner Detector : Shielding Overall diameter : 14,60 m
Hadronic Calorimeters Overall length T 21.60m

ic field : 4 Tesla

o1 HCAL
ECAL 4 M5
PD/PS M

Magnet RICH2 ) M2
. .
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CMS Experiment

ECAL Scintillating PbWO, CALORIMETERS

HCAL
brass Plastic scintillator

SUPERCONDUCTING
COIL -

Total weight : 12,500 t

. A S sandwich
Overall diameter : 15m | ¥4 . o L I L :
Overall length : 21.6 m  [§ f 3 :
Magnetic field : 4 Tesla 4 Ty — IRON YOKE

TRACKERs

MUON
yENDCAPS

Silicon Microstrips
Pixels

Drift Tube Resistive Plate Cathode Strip Chambers (CSC)
Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)

MUON BARREL
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Gigantic detectors for modern experiments




Electromagnetic Calorimeter crystals
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Silicon pixel detectors




Radioactive scanner for detector QC
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||India—based Neutrino Observatory (INO)
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Schematic of the underground labs

Loading Bay
& Parking ‘/’

A

k]

Main Access Tunnel

Underground Lab 1

ICAL Module 1 Underground Lab 2
7| Length of the tunnel 2.1 km (approx.)
Tunnel cross-section 7.5m wide and 7.5m high
i Tunnel gradient 1:15
Rock overburden 1300mM (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 20m (high)
Distance from CERN 7100 km
Distance from JPARC 6600 km
Future nuclear reactor 9000 Mwe, 205 km
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ICAL detector and construction

i\
Magnet coils §F & § §

arBE N R

Toyai weight: 50Ktons C
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F:/INO/presentation/DAE-DST-Detector.pptx

Factsheet of ICAL detector

No. of modules 3
Module dimensions 16m x 16m x 14.5m
Detector dimensions 48.4m x 16mM X 14.5m
No. of layers 150
Iron plate thickness 56mm
Gap for RPC trays Lomm
Magnetic field 1.3Tesla
RPC dimensions 1,950mm x 1,840mm x 24mm
Readout strip pitch 3o0mm
No. of RPCs/Road/Layer 8
No. of Roads/Layer/Module 8
No. of RPC units/Layer 192
No. of RPC units 28,800 (97,505m?2)
No. of readout strips 3,686,400
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CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN Access shaft

SPS/ECA4

Hll P Excavated

B Concreted ?
Decay tube - !
= (2nd contract) A— ,

OPERA experiment

,06 /2003
CERN-AC-DI-MM




Precise time & distance measurement

GPS
CERN common view LNGS
f uTC

ETC
time shift by TOF_
waveforms data
o b /K v | Y/x
T — > z
BCT target decay tunnel OPERA

baseline = (TOF,)

5t=TOF_-TOF,
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Basic Science Research
1s a way of lifel

* [nnovation is what distinguishes humans from
other living objects.

= Good science is also measured by its quality
and productivity.

= Every new scientific discovery often opens up a
new branch of science and a jungle of possible
further discoveries.

= The technological spin-offs of this research are
benefitting the man on the street immensely.
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