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The website of course
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SHAHID BEHESHTI UNIVERSITY

Depariment of Physics

MAIN MENU

» Home

* Awards

* About Me

* Contact me

* Research Interests

* Publicati

* Students
* Courses
* Talks & Presentations
* Useful Stuff

* Group Meetings

* My CV

* Coliaborations

* Other Activities

* Photo

* Login

* o~ (Persian)

Seyed Mohammad Sadegh Movahed Academic Homepage

News
& |

S My program in the Fall semester (1401-1402 (2022-2023)) (Downlgad)
My weekly meeting will be found in http://ccg.sbu.ac ir/weekly-meetings/
General information ding scientfic projects in my group | i - k) (Download)

A b Y 9T0UP (oo pale 09,5 53 uaiayyy icsass plk) (Downioad) Tomb of Cyrus the great (Pasargadas.
Current topics in my group {Complex systems part & Cosmology part) IRAN)
Some proposed Books for the relation between Physics and Philosooby, '

Ibn-Sina Lab (COMPLEX SYSTEMS LAB) needs your helps and your scientific contributions (see aiso Extra news 13) There are some
Undergraduate and graduate projects 1o do, Those who are interested In collaborating on this project call me and send CV for
further investigation

For more information see {Download), See also a short movie for ICTP's School (Download), Visit also (Homepage)

For those, who are imterested In using 1bn-Sina Lab {Downigad)

- News 1

Workshop on Topological based Data Analysis

(2 and 3 Shahrivar 1401) Professor of Physics,

http://facultymembers.sbu.ac.ir/movahed/
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SHAHID BEHESHTI UNIVERSITY

Department of Physics

MAIN MENU

* Home

* Awards

* About Me

* Contact me

* Research Interests
* Publications

* Students

» Courses

* Talks & Presentations
* Useful Stuff

* Group Meetings

* My CV

ritical Phenomena and Statistical Fields Theory (Fall 2022

oAy 2 Seatamber 2022 00:00 & 2

Critical Phenomena and Statistical Fields Theory for Ph.D. and M.Sc. students (Fall 2022)
This course is devoted to Critical Phenomena, Phase Transition and Statistical Field Theory
Some topics to teach are as follows:

* Thermodynamic Limit

* Finite size effects

* Phase transition

* Mean Field theory

* Renormalization Group

* Operator Product Expansion

http://facultymembers.sbu.ac.ir/movahed/
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Part 2
The Roadmap and Benefits



Course Program

http://facultymembers.sbu.ac.ir/movahed/
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Road map for Statistical
mechanics

(Recall)



| road map | |




Reversible and Irriversible Processes)

JLQuasl-statlc Processes)
{Thermal Equilibrium)
( —
~| Thermodynamics Equilibrium}—-ﬁlechanical Equilibrium]
\

—{ Chemical Equilibrium )




Thermodynamics

Statistical mechanics

Classical Statistics (Maxwell-Boltzmann) @

Quantum Statistics @

®




(Thermodynamlee )

,( Statistical mechanics)

| |deal Gas Ideal Gas |

l / —{ | Ideal Gas with internal degree of freedoms )
{ Classical Statistics (Maxwell-Boltzmann)
\ L | Magnetic system J
R(Harmomc Osccllatorj

( Quantum Statistics J @

®



(Thermodynamics)

( statistical mechanics

(_Classical statistics (Maxwell-Boltzmann) | (3) | BE condensation |

//(/( Photonic gas |

/( Bose-Einestain statistics ]

(Lattice vibrationsj

l
Quantum Statistics ) //———CPauli paramagnetisnﬂ
=

\
| Fermi-Dirac Statistics |

—{ Landau Diamagnetism)

\K\\{ Electron gas)
\
\‘[Thermoionic emissionj
® \(Relativistic Fermi gas)




road map 6]

Distinguishability J

/( Gamma-space)

Phase spaces) (

Kmu-space)
/@icro-canonical]
—{Canonical)
Ensembles
Grand-CanonocaO
f Density of states )
—5 Ensemble average)
S - -
Observable Quantities
e {
s —| Most probable value)
Fluctuuations

<
[ Thermodynamical potentials J

Thermodynamical potentialsﬁ
(Legender transformation) ®




Distinguishability |

Phase spaces) ®

Ensembles) @

Density of states ’
Observable Quantities | ®

y

Fluctuuations j

Thermodynamical potentialsJ

Internal energy )

)

{ Helmholtz free energy)

Thermodynamical potentials :
(Legender transformation) l {_Gibbs free energy )

o~ r
— Enthalpy potentlal)
Grand potential)




Non-intracting systems)

Intracting systems)

Classic vs. Quantum)

Relativistics vs. Non-relativistics (ultra-relativistics))

Collisional vs. non-collisional_)

Degenerate vs. non-degenerate)




What type of questions can
be answered by learning
Statistical mechanics?
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Road map: Statistical field
theory and Ciritical
Phenomena







Phase J

Phase transition and its classification ) (%)

Order parameters ] ®

Scaling behaviour and self-similarity | ()

Universality ]

Critical exponents J ®

Thermodynamical limit |

" “

spontaneous symmetry
‘breaking

~

Mean field theory

Effective field theory

Fixed points

2

Renormalization group (RG)

.

Flow of RG

© ®© ® ® ©

®



What type of questions can
be answered by learning

Critical Phenomena
(oSub 4 (5 driysi 8 K5)
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BIG Science

cost: "‘SlOlO time: ~decade scientists: 1000s

LHC: Large Hadron Collider

to search for Higgs particle

LISA: 3 satellites

to detect gravity waves

ITER: international £\
tokamak (fusion power) & S

Harry L. Swinney, ICTP 2013 39



Hands-on table-top science

cost: ~S1000

time: ~year(s)

scientists: ~few

* Inexpensive instrumentation EERNSNEE.

webcam
$60

''''''''
......

=", ?

,,,

./"'

Harry L. Swinney, ICTP 2013

* Inexpensive computation

40

Arduino

$30
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William S. Bainbridge
Mihail C. Roco
Editors

Handbook of
Science and

Technology
Convergence

@ Springer Reference

’* sple o

l:

“ Covce fScend Tecnolo |

Slegdge G yise dhasly S5 T sl 4l

It requires development of new concept,
new methodologies, new design, and
collaboration that bridge across fields.
Thus convergence not only brings together
all the fields of science and technology but
also unites them with society.

The 1nitial vision focused on the four
“NBIC” fields: Nanotechnology,
Biotechnology, Information technology,
and new technologies based on Cognitive
science.
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' Convergence of Science and Technology |

) Gy lae (sla cdlad pggdae (5o asgde ()

22 oiiae (o (ila by (g5 0ds3ST ey s (a5l (o ske 3L o (e, Blad 4 (Y
| (g il s 4,03

i ) daly Balad 4 eyl gan (a5 MalS 0198 Saalisage s JUie (s (Y

il S gy oald) laal b eS5Se " Lal WS gy s LT 390 50 ) Visalse”
oo Oldd Sigs |y alawadl ol 4S 5yl dsang (g lgds adicl (oMo ()5 90 Hu 4l (F
laay

Bainbridge, William Sims, and Mihail C. Roco, eds. Handbook of science and
technology convergence. Switzerland: Springer International Publishing, 2016.
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Fundamental Sciences

Applied Sciences

Emergent Sciences

0
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' Convergence of Science and Technology |
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Hardware resources no

Software resources
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Network visualization

Multiscaling behaviours

Emergence behaviours

o Jluwo Jo 5ok 49 2ol (58 5595 (8 35 i) 5O

Topological Data Analysis

Universal language such as Mathematics, ... j@

Interactive approaches between educations
and researches

SRS 5551 4 g JUESH Jngud sl 41 S yiden (31 Syt
a2 slell of g b SIS ek

Forecasting

Making necessary infrastructures 1 g3 yliw A gi g (i it P!

Promoting a culture of convergence based on
common goals

Bainbridge, William Sims, and Mihail C. Roco,

eds. Handbook of science and

technology convergence. Switzerland: Springer International Publishing, 2016.
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From discrete to continuous fields

- Pointillism
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From discrete to continuous fields

- Pointillism
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From discrete to continuous fields

- Pointillism
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From discrete to continuous fields

- Pointillism

painting technique in
which small, discrete
dots work together
to create a concept.
inspired by the
dappled brushstrokes
of Impressionism

Paul Signac, "The Pine Tree at Saint-Tropez,” 1909 (Photo: Wikimedia Commons Public Domain)

Your brain has already played as a role of TDA machine

59
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Big Data (3V-model) |

|
|

| S —

SIS |, Big Data cplic <€ (535 culsl dan 5 4 ey n i 4
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(Volume) cuseS &uaa 51 (g (9IS ()

(Velocity or Production rate) ,Saua aalgi Suaj (Y

(Variaty) sLy £ 430 (Y

Cox M, Ellsworth D. Application-controlled de- mand paging for out-of-core visualization. In: Proceedings of the 8th
Conference on Visualization ’97. Los Alamitos, CA: IGI)E4EE Computer Society Press; 1997:2335.
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Data rate (bytes/night)

104 90 TB
10" VLT:Very Large Telescope
SDSS: Sloan Digital Sky
i Survey
10 VISTA:Visible and Infrared
Telescope for Astronomy
y LSST: Large Synoptic
10 Survey Telescope
TMT: Thirty Meter
1010 Telescope
VLT SDSS VISTA LSST TMT
(1998) (2000) (2009) (2019) (2022)

Kremer, Jan, et al. "Big universe, big data: machine learning and image analysis for
astronomy." |[EEE Intelligent Systems 32.2 (2017): 16-22.
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CMS Experiment at the LHC, CERN

Dm.N*‘,.r fect 2010-20l-0% 022558 8311 GMT(04:2258 G
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[/www.skatelescope.org/the-ska-project/
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Local p-value

10"

10712
9 1

= Y A ag = 5(3'
_‘; ’Q‘?‘ | 6(-.
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“|e=== Exp. for SMH ’~.... —
— f5=T7TeV el

T |—(5=8Tev | B e s . T

10 115 120 125 130 135 140 145

m, (GeV)

Chatrchyan, Serguei, et al. "Observation of a new boson at a mass of 125 GeV
with the CMS experiment at the LHC." Physics Letters B 7I94I (2012): 30-61.
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