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Data analysis: A Bayesian Tutorial, by D.S. Sivia & |. Skilling, Oxford science Publication, 2010

Data reduction and error analysis for the physical sciences, P. R. Bevington & D. K. Robinson,
McGrawHill, 2003

Error of Observations and their Treatment, ]. Topping, 1972.
Practical Physics, G. L. Squires, 1985.

An Introduction to to Error Analysis: The Study of Uncertanties in Physical Measurements, Taylor, |. R.
2nd Ed.; University Science Books: Sausalito, CA, 1997.

Data analysis in cosmology, “Lecture notes in physics 665”

Mathematical statistics with applications, J.E. Freund’s, Pearson education, 2005,

All of Statistics, L. Wasserman, Springer, 2004

Statistics, R.]. Barlow, Wiley, 2002.

Introduction to statistics and Data analysis for Physicist, Gerhard Bohm, Gunter Zech, 2010.

Statistics, Data Mining, and Machine Learning in Astronomy:A Practical Python Guide for the Analysis
of Survey Data (Princeton Series in Modern Observational Astronomy), Zeljko Ivezic’,Andrew |.

Connolly,
Jacob T.VanderPlas, and Alexander Gray, PRINCETON UNIVERSITY PRESS, 2014
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Verde, Licia. "A practical guide to basic statistical techniques for data analysis in cosmology."
arXiv preprint arXiv:0712.3028 (2007).

Verde, Licia. "Statistical methods in cosmology." Lectures on Cosmology. Springer, Berlin,
Heidelberg, 2010. 147-177.

Liddle, Andrew R."How many cosmological parameters.” Monthly Notices of the Royal
Astronomical Society 351.3 (2004): L49-L53.

Heavens, Alan. "Statistical techniques in cosmology.” arXiv preprint arXiv:0906.0664 (2009).

Efron, Bradley. "Bayesians, frequentists, and physicists.” PHYSTAT2003: Statistical Problems in
Particle Physics, Astrophysics, and Cosmology, SLAC, Stanford CA (2003): 17-24

BARLOW, ROGER |. "Asymmetric statistical errors." Statistical Problems In Particle Physics,
Astrophysics And Cosmology. 2006. 56-59, arXiv:physics/0406 120

Betancourt, Michael. "A conceptual introduction to Hamiltonian Monte Carlo." arXiv
preprint arXiv:1701.02434 (2017).

Neal, Radford M."MCMC using Hamiltonian dynamics." Handbook of Markov Chain Monte
Carlo 2.11 (2011).

http://facultymembers.sbu.ac.ir/movahed/
3




bJLé:u.ul J‘)\g.c &L:\.Q (:)fJS'Q'G'Q

< C @ () #& facultymembers.sbu.ac.ir/movahed/

SHAHID BEHESHTI UNIVERSITY

Depariment of Physics

MAIN MENU Seyed Mohammad Sadegh Movahed Academic Homepage

« Home

* About Me

News

* Contact me

* Researches of Interest
* Publications o My program in the Autumn semester (1396-1397 (2017-2018)) (Download)

* Students
o Some proposals for Master Researches in my group ()l (sl IS 685 asl OLL eslpiiay Solass (uslic) (Downioad)

Some propasals for Ph.D. Researches in my group (5,555 o8> 3 ealgiiny Salass uelic) (Download)

* Talks & Presentations

* Useful Stuff
* Group Meetings Some proposed Books for the relation between Physics and Philosophy.

* My CV

* Collaborations
* Other Activities
* Photo

* Login

* o~ (Persian)



OhSar 5 JaeSy (gage Algo (Sy3u8 5a (oles s lediy, b ulsT OIS -1
2-Nicholas J. Giordano, “Computational Physics”.
3- Dieter W. Hermann, “Computer simulation Methods in theoretical physics™.
4- Buffalo University home page for computational physics, http://www.physics.buffalo.edu/phy410-505-2009/
5- http://www.physics.buffalo.edu/phy411-506-2009/
6- http://www.handsonresearch.org/
7- Tao Pang , “An Introduction to Computational Physics”, Cambridge University Press (2006)
8- Simon Sirca and Martin Horvat, “Computational methods for physicists _compendium for students”, Springer (2013)
9- Harvey Gould, Jan Tobochnik and Wolfgang Christian, “An introduction to computer simulation methods: Applications to
physical systems”, Addison-Wesley (2007)
10- Rubin H. Landau, Manuel J. Paez and Cristian C. Bordeianu, “Computationa; Physics” (2011).
11-  http://www.aghamousa.com/data-science-books/
12-  http://www.deeplearningbook.org/lecture slides.html
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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 9



Hands-on table-top science

cost: ~S1000

time: ~year(s)

scientists: ~few

* Inexpensive instrumentation EERNSNEE.

webcam
$60

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

=", ?

,,,

./"'

Harry L. Swinney, ICTP 2013

* Inexpensive computation

10

Arduino

$30

T 5,08 ¢ \d 53 8
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Fisher forecast

Paramegter estimation

Low energy Physics




A glance at the roadmap (1)

®

®




A glance at the roadmap (2)

GR and Beyond GR (f(R), ...)
Energy density contents)
Initial conditions models: Inflation, Phase transitions, )
Evolutions: Transfer functions)
f Explanations of observational p

data: Tenstions, cosmic rays,
neutrinos, ...

- Simuations ©
"\esasnetme pstig) ©
“Baagee) ©

®
®




A glance at the roadmap (3)

/(N-body simulations)

ab-initio approaches)

/(Gaussian random field simulatlon)

™ . g —:_5 o - ' » nan Effectjve approaChQS)

— @\( Non-Gaussian and asymmetric ﬁeld)
-Baalies) ©

®
®




A glance at the roadmap (4)

<
Model-based analysis:

~ Parameters estimation and
model evaluation ®

{ Data-based analysls) ®

Measures ) ®

1fTheories Discriminaﬁona

' Exotic features: Anisotropy, Asymmetry, ... )




A glance at the roadmap (5)

®

®

: ———(Frequentis method)
Model-based analysis:
Parameters estimation and —(Bayesian method)
model evaluation

{ Fisher forecast)

Data-based analysis) ®

Measures ) ®

—(Theories Discriminations)

Exotic features: Anisotropy, Asymmetry, )




A glance at the roadmap (6)

®

®

Parameters estimation and

Model-based analysis:
model evaluation ®

One-Point statistics

n-Point statistics) @

Complexity measurement)

{ Data-based analysis HTopological Data Analysis) @

Scaling measur&c) ®

Non-parametric data modellng) ®

Network approaches)

Machine Leaming)
Measures ) ® ®
Theories Discriminations)

Exotic features: Anisotropy, Asymmetry, ... )




A glance at the roadmap (7)

®

®

Model-based analysis:
Parameters estimation and
model evaluation ®

Data-based analysls) ®

®
T Topological measures | ()

P I

Theories Dlscrlmlnations)
T Exotic features: Anisotropy, Asymmetry, ... )

20



A glance at the roadmap (8)

Quasar absorption line spectra

Pulsar timing
%

Lyman-alpha irradiance
{(@+)D) 4 2

~___ Gamma-ray burst afterglow
g Cosmic rays

(m+n)-Dimensional field

H cMB as (3+2)-D )

CNB as (1+2)-D |

CIB as (1+2)-D )

Lensing convergence map)

Points cloud



A glance at the roadmap (9)

LSS (Galaxies and other tracers))

{Ly-alpha)

W) ®

{ Shear maps)

21cm map)

Pulsars )




» A glance at the roadmap (10)

®

®

®

( LSS (Galaxies and other tracers) |

~__ Core Collapse Supernovae

-

—_

"~ Rotating Neutron Stars

[

Resolved ovents}—— Binary Neutron stars

~

X

N —— Pulsar
T smeBHs
€2 1 peH
SE — Phase transition relic: CS, First order transition
Stochastic Background
W -~ Primordial fluctuations
T—— Astrophysical unresolved events
Shear maps)

21 cmmap
_SNia

Pulsars

@23




Mostaghel, Behrang, Hossein
Moshafi,and S. M. S.
Movahed. "Non-minimal
derivative coupling scalar
field and bulk viscous dark

energy.” The European
Physical Journal C 77 (2017):
|-22.

Comoving Distance

Alcock-Paczynski
Comoving Volume element

Age of Universe

/"——_ Jerk

—Snap
Cosmographic parameters

Observable Quantites. -
—(Background) maxout

Om-Diagnostic
-— SNla
Luminosity Distance
BAO
CMB Shift parameter
Hubble parameter

Cosmographic distance
ratio

Perturbations) @

A glance at the roadmap (11)



A glance at the roadmap (12)

Background) ®

CMB spectrum

Perturbations ' S natns:
Lensing shear

25



Fisher forecast

Paramegter estimation

Low energy Physics

Machine Learning

Image Processing



ol Jua Hlais 51 La suls (§ Ll

27



Examples in 1+1D | | | | | ]
£ =
§ 150 ;

e Climates indices : | \ L | f h >
| | WM MMWMW
® D|Sease: EPIIePSY’ Heartbeat’ 60();750 1800 1850 1900 1950 2000 L
® Stock index - £
e 3000. o ' ; E
® Petrophysical quantities: GR, STT, ., Ot T s
NP 1000 MM i}

o 1960 1970 1980

| T I T T T T I T T T T I T T T T I T T T T I T T “ _ m M
L . Defwcts and meloys slecticnl
100F GR ] acthviy in Do dewn 1 the (MU
UsA i Trend K=2 ]
AUSTRALIA - ]
— — —— POLAND [ i
——n—e - ITALY a 80+ -
MALAYSIA - ]
INDIA 1 Figure 1B

i)

PRI TN TN TN TN [N NN Y Y YT TN TN T NS TN T S [N N SO M
500 1000 1500 2000 2500

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 1
Jan. 1995 k Feb. 2014 |
Paulo Ferreira, Andreia Dionsio, SMSM 2 Koohi, SMS.M., G.Jafari, arXiv:1507.07445 .

Physics A, 2017 28 htt’D"§"ff"v"\7ww kaggle com/c/selzure Dred‘lcon



https://www.kaggle.com/c/seizure-prediction

LI l 1 ' LI l | SR l | BERD | | $TF | ' L | 1 l I I I

Orniginal data

L VL LS " '] | | | ’|.'u' 1]
0.75 | | Y i\ 17
. . 2 (I (-
- Solar irradiance data sets g2 00 I e
= 05k | | ||
- Lyman-alpha Forest R ‘ B

- Pulsar Timing residuals (Irregular) — o5F| || | -
- Quasar absorption line spectra S | |-
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- Gravitational waves It
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® Granular materials (Thermodynamical properties )

Soft-condensed matter

® Sol-Gel transition

R

. > WRe
1] XYY A -
sEeessRXe e

=

M.Arshadi Pirlar, S.M.S. M., D. Razzaghi, R. Karimzadeh, JOSAA, 2017

ics and nanofluids

0
—
-
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-
e P
a:
{
1
{
W «& B = g o
g °9 5 © g
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— o
T —— — 8
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5 43
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©
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Time ( ms )

F. Shayeganfar, S.M.S.M, et.al.,

|
M‘/%ﬂ L L L
200

® Microflu

(ZHY ) Asuaug

30

PRE, 2009,2010, Chem Phys.2013



What governs the neuron's behavior:
Network

NEURON'

Neuron |
(Nerve Cell) '\

Diagnosis of patients with ADHD

(a) (b) (c)
Ry Upper
tnangulat
matnx (d)
D =Dl

Credit by: M. MozafariLegha

v

%}; Bk 52RO

Resting-state fVIR]

iwwww > (gl MM M

(G}
W
lnctwork topology
T3
2 A Control
% 25| Y -BPD
Q \
@ 2\ £
.“\\ o
E | -  200|
+ 1.5 el
5 = ——
® 01 02 03 04 2
graph density

T, = {Ryz, Ry3, Ryq, Rys. Ras, Rayq, Ras, Rsq, Ryg, Ras )

IM.?
R

Scale 1: 0.12~0.25 Hz Scale 3: 0.03~0.06 Hz

o WWM V\/V\/‘\/\/\r’\/\f\«/\/\/\&'

Filtering Scale 2: 0.06~0.12 Hz Scale 4: 0.015~0.03 Hz

binary connectivity matrix
at different graph density

Statistical Test

Pexmutabon Distribution

significant

Pearson
correlation

Threshoding

'-VA -
- F 5
5 i X o~ gt
1 > : Loy !
§ L : 3 b
4 :: o e ‘agmat
2 f ER
e ) & &Fe '
N g
- L
. ~

Network-Based
Statistics

R}

significant

network 2
connectivity

topology

A\

Analysis, Classification,
Correlate with Clinical Scores

Alea Between Cumes

fMRI :functional brain connectivity
(D1agnosis of personality disorder)



o 2D (2+1D) fields (CMB, Rough surfaces, ...)

Anisotropic surface

Planck Satellite results (201 3)

Gaussian stochastic field
primordial quantum fluctuationsMu|tifractal singular and

S.M.S. Movahed et. al., MNRAS 2013,2017
S.M.S. Movahed et.al.,JCAP 201 |

smoothed surfaces

‘ &“Q 0\
il
‘*'{‘\"“&1)'%’.isq

S ‘\\

o .::4'1 %

SRRAKN
SRR

Magnetic Resonance in Medicine 71:402—410 (2014)



EXAMPLES IN 3+1 D

Turbulence flow
Los-Alamos lab

our local cosmic texture

5
~
N
~
7]
R
S
3
v
S
=
=

Emmanuel Roubin Thesis, 2013

www.esa.int


http://www.esa.int

PH Packages

time
series

Perseus

packages

http://ccg.sbu.ac.ir/tdaw/ y



Various data types

T CRT =[0,+00) T :(x(t@))@Tzl

R = (—o00, +00) ),
F{(tnr)|tie TCR 2, X QR}: C R?
point
cloud

credit; Hossein Maasoumi, M.Sc. Thesis




Various data types

T CRT =[0,+00) T :(x(t@))@Tzl

R = (—o0, +00) )
f:{(tz,xz) t,L'ETgR_F,iCiEXgR}?:lng
F: Il - R
-
§={F|F: LR I CR}
point
cloud

credit; Hossein Maasoumi, M.Sc. Thesis




Various data types

T C R* = [0, +00) (;z:(t))T
V) i=1

R = (—o0, +00) v =

T
F={(tz) [t e TCR" e XCR} CR
F: Il =R
N
5={F |
=1
VEw
) E VxV
w E — R
w(ey) = w((vs,v;)) = wi,

credit; Hossein Maasoumi, M.Sc. Thesis



Various data types

T CR* = [0, +00) f:C“tUT

R = (—o0, +00) o

F={(tz) [t e TSRz X QR}: =E

Sl =R

N
g:{]——% Fi 1L = R, 1L C RD}'—l
G = (V.E,w)

point .
cloud




Conversion methods

Recurrent Plot (RP)

Time Delay Embedding (TDE)

Visibility Graph (VG) Excursion Set (ES)

Correlation
Network (CN)

State Space (SS)

network

credit: Hossein Maasoumi, M.Sc. Thesis

http://ccg.sbu.ac.ir/tdaw/
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Persistent Homology (PH)
O V2 (0) P Dy (¢®)

o
2
o

topological space of data evolution of data

weighted complex persistent diagram
topological approximation for representation for topological

point cloud
data (PCD)

O

PDO
PD1

[random]
scalar field

persistence pairs (PPs) in kth persistent diagrams (PDs)
indicate k-homology generators (k-holes) in filtration process.

time
series

credit: Hossein Maasoumi, M.Sc. Thesis 4,
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Random errors
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Global error

srdse slba
J(x)=f(x)+ Axf'(x=x,)+ O(sz)

A final xinitial &)
S > N ~ O(Ax™)

N x O(Ax?) = O(Ax)

L A 1R
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