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High T, Superconductivity

v

v

Superconducting Super Collider
» Superstrings
@gomI@d Grand Challenges to Computational Science agam

alaeom @wle:olsf (uses of Super Computer), Kenneth G
Wilsonead (a1g0auemanmenzoloyam;.
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Supernova 1987A

30) m@mum(mﬂsm@ CH(BOMIM allel (o IG®YH M0Q6BBUY
MVoRANW BN EMINUY, MHHU@@DIMENSIRH)AN MV EaNISMODDWIEM)”
Supernova ag)an} alo@Mm®”. M2}ee” M16:H$HIANI

V)2 |BEMONIHUE QI8 QI8H0 aflosmiemy”. 19876l Supernovam)“oeag
o), 1604@3 @Rem)° 30) Supernova (woeKl®@eeqas®’ (Kepler).

“Supernova story has the big science of the best equipped
observatories and particle detectors and the small science of
amateurs and old small telescopes” (Robert Kirshner)

Scientific observations on the 1987A Supernova moved the subject
from indirect arguments and plausible inferences to experimental
evidence. Each central idea has been tested: (1) Is it a massive
star? Yes. (2) Was there core collapse with neutrino (an
elementary particle) emission? Yes. (3) Is nucleosynthesis theory
true? Yes. Was there a formation of a neutron star? Yes.



Superconducting Super Collider, Higgs Boson

1960s&1e6my” theoretically, Higgs boson (alaiafleoeaqjsyanay.
2)Q1§R0V)0 DD H6N)allS1enomow] @readleswlas Superconducting
Super Collider agam 80) accelerator facility mdexsas)anm)ss
mooromIM)” 198303 US Government Gnmam] 6@90S)@9)&@)o
M1B2MI6Mo @RYoE1HN)HW)o IV D). AMVIMICM ] B>0Q6MEBBBITI
1993@3 0D @ I0RHH Y MBODDAUED)HW)o O2IWD).

®)s@mM” @endafl@d Large Hadron Collider madexlseoyew)o 2012@3
201" @GNIIEAVIND 613 1S1H96a|S)HW)o 2 lDD).

LHC is the most powerful accelerator ever built. It sits in a tunnel
100 metres underground at CERN, the European Organization for
Nuclear Research on the border of France and Switzerland, near
Geneva. It consists of a ring with a circumference of 27 kms.
Protons are accelerated to almost the speed of light.



The Higgs particle discovery papers have thousands of authors and
involve hundreds of institutions from all over the world.

apofloswowloyamy Particle Physicsoad @meogoe? myoleeioo
QIdaueaBUBH0) MM, 1897@d J.J. Thomson seie:senosm
B®N3)al1S1aj®” 80) table-top aloleemomlennswowioymm).
THE
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XL, Cathode Rays. By J. J. Tuomsox, M.A., F.R.S.,
Cavendish Professor of Experimental Plysics, Cumbridge*,

TJIE experiments t discussed in this paper were undertaken
in the hope of gaining some information as to the
nature of the Cathode Rays. The most diverse nl)mlons are
held as to these rays; u(l-cordm‘g to the‘ almost unanimous



High 1. Superconductivity

a R OB IMNS)O0 @IalON]@B, aflel aI3IMOMEBRIOS HOIBHMIMIIRL®
a2y OMIEMIS” @RS)H)IM (al@]l@omuademy” Superconductivity.

Discovered by Kamerlingh Onnes in 1911, below 4 K (-269 °C)

In 1986, J.G. Bednorz and K.A. Miiller found superconductivity
around 35 K (-238 °C). Awarded Nobel prize in 1987.

In 2015, superconductivity discovered around 203 K (-70 °C).
Since 1986, people dream about room temperature

supercondutivity.

MEAMOAIW HOIM ald@1(UNo, &h)0a] BIWIANO ...



Challenges to Computational Sciences

Some observations that Kenneth Wilson made at the 1987
meeting:

The use of Super Computer as a scientific instrument is for seeing
phenomena which are not accessible to “microscopes” and
“telescopes” .

With a Super Computer it is possible to

v

Model the interior of a star as it goes through its life

v

Look at properties of chemicals that are not yet produced in
the lab

Look at alternatives in the design of aircrafts, ...
Predict Weather

v

v



Weather Prediction

830) MQIMEIMa 0o, MLISHSEOM]D: HhoahSOIHB)NS
@alldeoaiomIm)e mem @r@leyam) climate modelling, numerical
forecasting ag)am’ aemweIEBSIOe! ERSINVNIM @RYUWEBBUY B)alo
DNHINOY .

BIL10QIMND (alal2iNOm1GE 80) aslomlolaneloyany L. F. Richardson
1922@3 (alov1e1s:@1a) Weather Prediction by Numerical Process
2)M oAV Ho. MM o AVORHONIT @RGZa00 af) L)@

Perhaps some day in the dim future, it will be possible to
advance the computation faster than the weather.



Why a Super Computer is needed for Weather
Prediction

A weather forecast involves the calculation of quantities like wind
velocity and humidity. To solve the basic equations one has to
introduce a grid. One divides the equator into segments and go
from north pole to south pole and divide that also into segments.
Then one has to go from the ground to the top of the atmosphere
and divide that too into segments. How fine the grid can be, of
course depends on the power of the computer. In general, finer the
grid, it is better.

One starts from an initial data of the weather at a given moment
in time. This data comes from weather balloons and weather
satellites, and has to be analyzed thoroughly before it can be fed
into the computer. Then the program starts on the computer
which means the numbers are processed by a numerical method
which vyields their values after an interval of time At. The process
can be repeated so as to yield the state of the atmosphere after
2At, 3At, and so on.



Around 1987 the number of chunks into which the atmosphere is
divided was something like 200 X 200 X 19 ~ 8 x 10°.

Around 2007, the corresponding number had progressed to about
3 x 108,

One has to keep in mind that, due to the chaotic nature of partial
differential equations that govern the atmosphere, the accuracy of
forecasts are limited.

Research into better modelling, better algorithms, more powerful
computers are always needed.

At https://www.top500.0rg/lists/2017/11/ one can find the
current TOP 500 list of the fastest Super Computers in the world.
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(aNelnN1S)a)) alelasemanelsasyd (higgs boson)

> MRV &HOIM ald)Wonoe, d)0af owyane (High T,
Superconductivity)

> WOaV(® NEAIaHEM RO, 09y @eoemlad (Theory,
Experiment) &0emzom)nna MLOWIRLIO aNPIEBRUYD EMSININ3
Super Computeroa 9alewowo (for example, weather
prediction).



