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Overture*

*Overture in music was originally the instrumental introduction to a ballet, opera, or oratorio.
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You should enter science because you 

are fascinated by it. That's what I did! 

James Peebles
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*Prelude
*A prelude is a short piece of music, the form of which may vary from piece to piece.

The prelude may be thought of as a preface

“If you wish to make an apple pie from scratch you must first invent the universe.” by Carl Sagan 
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6  Lines of Thought to 6 parameter model

I. General relativity and the Universe

Asking for a Homogenous and Isotropic one!
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GR+ Homogenous and Isotropic Universe 

(Einstein Cosmological Principle ECP) 

• Nonemprerical theory assessment

• From solar system to the Universe
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Hubble deep field

𝟏 𝒑𝒂𝒓𝒔𝒆𝒄 = 𝟑. 𝟐𝟔 𝒍𝒚 = 𝟑. 𝟏 × 𝟏𝟎𝟏𝟔 𝒎𝒆𝒕𝒆𝒓
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Empirical Evidence of ECP

Harlow Shapley(1885-1971)
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Empirical Evidence of ECP

One antenna of the One-Mile Telescope (left), two of the Half-Mile 

Telescope (centre) and the remains of the 4C Array (right)10



Empirical Evidence of ECP

The Sloan Digital Sky Survey or SDSS is a major multi-spectral imaging and spectroscopic redshift 

survey using a dedicated 2.5-m wide-angle optical telescope at Apache Point Observatory in New Mexico11



6  Lines of Thought to 6 parameter model

I. General relativity and the Universe

Asking for a Homogenous and Isotropic one!

II. Expanding Universe and measuring Ω
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An idea from Mozart’s Neighbor 

to Harvard Computers

em

emobsz


 


c

v
z ~

Albert Einstein, Edwin Hubble, and 

Walter Adams (l-r) in 1931 at the Mount 

Wilson Observatory 100" telescope, in 

the San Gabriel Mountains of southern 

California. 
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Female astronomers at Harvard. Credit: Harvard University Archive, 

Williamina Fleming, Henrietta Leavitt Edward Pickering



The Dynamics of the Universe

• The fundamental equations that governs the dynamics + GR

• For a flat (Omega=1) homogenous and isotropic universe
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Vacant and Vast

• Critical Density

MpchcH

yrhH
hMpcskmhH

11

0

911

0

0
3000

1077.9
)7.0~](//[100










3262

0 1088.1]//[70  kgmhMpcskmH c

3/1.0 MpcwayMilky 

3/5 mproton

G

H
c




8

3 2

0

16



Science of 

measuring two quantities + DE
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Alan Sandage–1926-2010

Adam Riess et al. Astron.J. 116 (1998) 1009-1038 (H-z)
Perlmutter et al.  Astrophys.J. 517 (1999) 565-586 (SCP)

© SHANT BAGHRAM – Physics Department - SUT
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© Adam Riess
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6  Lines of Thought to 6 parameter model

I. General relativity and the Universe

Asking for a Homogenous and Isotropic one!

II. Expanding Universe and measuring Ω

III. Cosmic Microwave Background Radiation
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After World war II – Princeton days

R. Feymann

K. Thorne

B. Mashhoon

R. Wald20
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The Nobel Prize in Physics 2006 

John C. Mather and George F. Smoot 

"for their discovery of the blackbody form and 

anisotropy of the cosmic microwave background 

radiation"
22
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The Early Universe with the eyes of Planck
A
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Planck 2015 results. XIII. Cosmological parameters24



6  Lines of Thought to 6 parameter model

I. General relativity and the Universe

Asking for a Homogenous and Isotropic one!

II. Expanding Universe and measuring Ω

III. Cosmic Microwave Background Radiation

IV. Structure Formation and LSS
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Cosmic Evolution and Gravitational instability

© WMAP AND http://cosmicweb.uchicago.edu/sims.html

“My balance comes from instability.”

― Saul Bellow
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Statistical Methods and 2 point correlations and 

the story of the two schools
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(a) George Marx, Yakov Zel’dovich, and Igor Novikov

(left to right) in Hungary in about 1970 

(b) Jaan Einasto, left, and Andrei Doroshkevich at a 

Conference in Tallinn in 1977 and

(c)Nikolay Shakura, left, and Rashid Sunyaev in the 

1970s.
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https://arxiv.org/abs/
2007.09013
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https://arxiv.org/abs/2007.09013


6  Lines of Thought to 6 parameter model

I. General relativity and the Universe

Asking for a Homogenous and Isotropic one!

II. Expanding Universe and measuring Ω

III. Cosmic Microwave Background Radiation

IV. Structure Formation and LSS

V. Subluminal matter

VI. Non-baryonic Dark Matter

29



Something is missing! + Neutrinos

(Rubin,V.C., Ford, W.K. & Thonnard, N. 1978, Astrophys. J. 225, L107)30



Mesmerizing Evidence of DM
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CMB Lensing as an 

evidence of the DM

Farbod Hassani, SB, Hassan Firouzjahi, arXiv:1511.05534

Mohammad Ansari – Master Thesis.32

Cosmic Shear @ KIDs 
M. Asgari



1998-2003 Revolution - ΛCDM
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Ali Akbar Abolhasani



1998-2003 Revolution - ΛCDM

• The universe is very old and very big! 

Dark Energy

• The Gravity is the most essential force!

Dark Matter 

• The initial condition of the Universe is very simple!

Early Universe Physics

ΛCDM with flat 6 parameter model with

nearly Gaussian, isotropic, adiabatic, nearly scale invariant 
initial conditions  

and

GR+ECP34



*Oratorio

*An oratorio is a large musical composition for orchestra, choir, and soloists.

Based on:

• Encieh Erfani, Hamed Kameli, SB, Accepted for 

publication in MNRAS (2021)

• Hamed Kameli, SB, arXiv:2008.13175, submitted to 

MNRAS (2021)

• Hossein Moshafi, SB, Nima Khosravi, submitted to PRD, 

arXiv:2012.14377 (2021)

• Hamed Kameli, SB, 2020, MNRAS, V. 494, Issue 4, 4907

• Alireza Maleki, SB, Sohrab Rahvar, Phys. Rev. D 101, 

103504, (2020)

• Nima Khosravi, SB, Niayesh Afshordi, Natacha 

Altamirano, Phys. Rev. D 99, 103526 (2019)

• SB et al. Physical Review E 99, 062101 (2019)

• Farnik Nikakhtar, Mohammadreza Ayromlou, SB, Sohrab

Rahvar, M. Reza Rahimi Tabar, Ravi K. Sheth, MNRAS, 

478, no.4, 5296-5300, (2018)
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6  Lines of Thought to 6 parameter model

I.General relativity and the Universe

Asking for a Homogenous and Isotropic one!

II. Expanding Universe and measuring  Ω

III. Cosmic Microwave Background Radiation

IV. Structure Formation and LSS
V. Subluminal matter

VI. Non-baryonic Dark Matter

More insight in LSS in non-linear scale 
to introduce new Probes 
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Tully, R. Brent; Courtois, Hélène; Hoffman, Yehuda; Pomarède, Daniel (Sep 

2014). "The Laniakea supercluster of galaxies". Nature. 513 (7516): 71–73. 

arXiv:1409.0880. doi:10.1038/nature13674. ISSN 1476-4687

16.5 Mpc
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Non-linear Structures + baryonic physics

,...),( zMnn 

If you are an astrophysicist you will ask about ,...),( zL 

Cosmic Web: Halos, Filaments, Voids ,… 

38



The musing of PS, BBKS, BCEK, ST

Press & Schechter 197439



Dark Matter as the host of Luminous matter
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Excursion Set theory of LSS
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 SB et al. Physical Review E 99, 062101 (2019)

 Farnik Nikakhtar et al. , MNRAS, Volume 478, Issue 4, (2018)

 Farnik Nikakhtar, SB, Phys. Rev. D 96, 043524 (2017)

M. Reza Rahimitabar and 
Saman Moghimi @ SUT

Ravi K. Shet @ Pennsylvania 41



Stochastic Processes and Structure formation
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One step beyond: The excursion set approach with correlated steps by  Marcello Musso and Ravi K. Sheth, 

arXiv:1201.3876 , MNRAS, Letters 423, 1,  2012, L102
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Stochastic Processes and Structure formation

jiji L  

 Farnik Nikakhtar, Mohammadreza Ayromlou et al. , MNRAS, Volume 478, Issue 4, (2018)
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F.Nikakhtar @ Pennsylvania – NSF Fellow

M.Ayromlou @ MPIA - Garching
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Small groups to Big science and Big Data

Sadegh Raiesi @ SUT
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Cosmic Web

When the nettle is young, the leaves make excellent greens; when it grows old it has filaments 
and fibers like hemp and flax … Victor Hugo

© Millenium – 2005 - 2020
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Cosmic Web  (Filaments, …)

Mohammad Ansari, Sina Taamoli and SB 

arXiv:1811.12398 , MNRAS, 489, 1, 2019, Pages 

900–909

Mohammad Ansari

PhD candidate in SUT 46



ESS!Filaments
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Distance Indicators…

Farbod Hassani @ Oslo
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Rhapsody*

*A rhapsody in music is a one-movement work that is episodic yet integrated, free-flowing in 

structure, featuring a range of highly contrasted moods, colour, and tonality.
49



Again P.J.E. Peebles

1. Serendipitous discovery of suggestive phenomena

2. The philosophical appeal of ideas

3. Mathematical incompleteness

 Testing ideas

 Anomalies

1. Learning to compute

2. Adding decimal places

James Peebles speaks to well wishers after his win. 

(Eduardo Munoz/Reuters/TPX Images of the Day)
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6  Lines of Thought to 6 parameter model

I.General relativity and the Universe

Asking for a Homogenous and Isotropic one!
II. Expanding Universe and measuring  Ω

III. Cosmic Microwave Background Radiation
IV. Structure Formation and LSS

V. Subluminal matter

VI. Non-baryonic Dark Matter

 Initial Conditions? ECP? 

Roya Mohayaee @ IAP Hassan Firouzjahi @ IPM
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6  Lines of Thought to 6 parameter model

I.General relativity and the Universe

Asking for a Homogenous and Isotropic one!

II. Expanding Universe and measuring  Ω

III. Cosmic Microwave Background Radiation

IV. Structure Formation and LSS

V. Subluminal matter

VI. Non-baryonic Dark Matter

 Dark matter in galactic scales… modified CDM?!
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Dark Matter

Matter Gravity

MOND MGNon-BaryonicMaCHO

HDM WDM CDM MixedDM Other-DM

WIMP axions

© Physics World 2014

Primordial 
Black Holes

53 Sohrab Rahvar

@ SUT



WIMPs

There are no classes in life for beginners; right away you are always asked to deal with what is most difficult, 

Rainer Maria Rilke
54



The triumph of cosmology and computers

The APOSTLE simulations: solutions to the 

Local Group's cosmic puzzles Till Sawala , 

Carlos S. Frenk , Azadeh Fattahi , Julio F. 

Navarro et al. , Monthly Notices of the Royal 

Astronomical Society, Volume 457, Issue 2, 01 

April 2016, Pages 1931–1943
55



All about our neighborhood!

 SB, Niayesh Afshordi, and Kathryn M. Zurek, PRD 84, 043511 (2011)

 Sohrab Rahvar, SB and Niayesh Afshordi, PRD 89, 063001 (2014)

 Alireza Maleki, SB, Sohrab Rahvar, Phys. Rev. D 101, 023508 (2020)

 Alireza Maleki, SB, Sohrab Rahvar, Phys. Rev. D 101, 103504 (2020)

 Hamed kameli and SB, MNRAS, V. 494, Issue 4, 2020, 4907

© Riess

© Strigari
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Searches for Dark Matter 

substructures

Sohrab Rahvar @ SUT

SB, Niayesh Afshordi, and Kathryn M. Zurek, PRD 84, 043511 (2011)
Sohrab Rahvar, SB and Niayesh Afshordi, PRD 89, 063001 (2014)

Niayesh Ashordi@ PI/Waterloo
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Modified CDM and alternatives

Alireza Maleki @ SUT58



What are the solutions galactic scale 

challenges of CDM?

• Baryonic Physics

• Modified CDM

• Modified Initial Condition

Hamed Kameli @ SUT59



Small Scale power spectrum

sunMMhMpck 11

*

1

* 107.2  
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Number density of dark matter halos

61
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Non linear 

Power 

spectrum 

and Lyman 

Alpha data
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Primordial Black Holes

63



Primordial Black Holes

64



New constraints on primordial PS

65



*Intermezzo
* In music, an intermezzo, in the most general sense, is a composition which fits between other 

musical or dramatic entities, such as acts of a play or movements of a larger musical work.

Every evening words, not stars, light the sky Umberto Saba

1883 – 1957 live and write in Trieste

66



6  Lines of Thought to 6 parameter model

I.General relativity and the Universe

Asking for a Homogenous and Isotropic one!

II. Expanding Universe and measuring  Ω
III. Cosmic Microwave Background Radiation

IV. Structure Formation and LSS

V. Subluminal matter

VI. Non-baryonic Dark Matter

 Beyond Einstein in cosmological scales? The legacy of Λ?
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A four sigmaish tension - 2019

Any cracks in this standard cosmological

model might herald yet another surprise in our understanding of 

the cosmos

MpcskmH //42.103.740 

MpcskmH //60.027.670 

• Planck 2018 results. VI. Cosmological parameters, arXiv:1807.06209

1.9%  
Measurement

0.9%  
Measurement

• Adam G. Riess, Stefano Casertano, Wenlong Yuan, Lucas M. Macri, Dan Scolnic, The 

Astrophysical Journal, Volume 876, Number 1, 2019, https://arxiv.org/abs/1903.07603v2
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A challenge in cosmological scales

Tensions between the Early and the Late Universe L. Verde , T. Treu , A.G. Riess,

Nature Astronomy volume 3, pages891–895(2019) 69



Angular diameter distance to CMB

• The angle in which we see the first peak of CMB is an observable

• Higher H_0 means smaller d_A in order to compensate, 

we should have smaller

• Early Universe Solutions and Late Time Solutions
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Nima Khosravi

@ SBU

Niayesh Ashordi@ 

PI/Waterloo

NatachaAltamirano

@ PI/Waterloo

Hossein 

Moshafi @ IPM
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üΛCDM as an

example of late time solution to the H_0 problem

Nima Khosravi, Shant Baghram, Niayesh Afshordi, and Natacha Altamirano, 

PHYSICAL REVIEW D 99, 103526 (2019) 72



Self consistent CMB?

73



Self consistent CMB?

74



H_0 and CMB lensing!

Hossein Moshafi, Shant Baghram, 

Nima Khosravi, arXiv:2012.1437775



Postlude*

*The final part of a piece; especially music played (normally on the organ)
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New ideas in NL-structure formation

• GRAVITATIONAL WAVE 
ASTRONOMY!

• Seed of SMBH
Timothy M. Heckman  and Philip N. Best, Annual Review of 
Astronomy and Astrophysics Vol. 52:589-660 (Volume publication 
date August 2014)

• Quenching of galaxies and mergers
More massive galaxies have systematically older stars
Star formation quenching in massive galaxies Allison Man, Sirio Belli, 
arXiv:1809.00722

• Flat disk galaxies
Formation of the Large Nearby Galaxies P. J. E. Peebles, arXiv:2005.07588

Hamed Kameli

PhD candidate in SUT77



Gravitational Wave Astronomy

H. Arfaei @ SUT

78M. Reza Rahimitabar + Akhshi and Alimohammadi



DM Halo Mergers and 

emergence of sub-halos

https://arxiv.org/pdf/1907.11775.pdf

https://arxiv.org/pdf/1907.11775.pdf
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Hierarchical Structure Formation and EST

 Farnik Nikakhtar, Shant Baghram, Phys. Rev. D 96, 

043524 (2017)

 Merger history of dark matter halos in the light of H0 

tensionHamed Kameli, Shant Baghram, arXiv:2008.13175 80



Reconstructed Hubble parameter and linear theory

Ming-Jian Zhang, Hong Li وEur. Phys. J. C (2018) 78:460

© Laya Parkavosi

12
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From Reconstructed Hubble to DM halos
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Merger Rate and observations

83



conclude: Merger rate can be a new probe of H_0

84



Observation: Merger rate can be a new probe of H_0

85



Conclusion and F.R. 

 A more sophisticated version of EST to study non-linear 

structure formation Voids, galaxy-DM relation,…

 Filaments in ESS context

 Developing the methods to look at cosmic web

 Statistics of PBH as a DM

 Observational proposal for DM in galactic scale

 Uber-gravity hint to H_0

 Reconstructed H_0 merger tree and LSS

I.General relativity and the Universe

Asking for a Homogenous and Isotropic one!

II. Expanding Universe and measuring  𝛀
III. Cosmic Microwave Background Radiation

IV. Structure Formation and LSS

V. Subluminal matter

VI. Non-baryonic Dark Matter

86



An updated reviews and books

• http://sharif.edu/~baghram/talks.html
 In the Realm of the Hubble tension − a Review of Solutions; Eleonora Di Valentino, 

et al. https://arxiv.org/abs/2103.01183.

 Challenges for ΛCDM: An update Leandros Perivolaropoulos, Foteini Skara

https://arxiv.org/abs/2105.05208

 Primordial Black Holes as Dark Matter: Recent Developments Bernard Carr, 

Florian Kuhnel https://arxiv.org/abs/2006.02838

 Dark matters on the scale of galaxies Ivan de Martino, Sankha S. Chakrabarty, 

Valentina Cesare, Arianna Gallo, Luisa Ostorero, Antonaldo Diaferio et al. 

https://arxiv.org/abs/2007.15539

87

http://sharif.edu/~baghram/talks.html
https://arxiv.org/abs/2103.01183
https://arxiv.org/abs/2105.05208
https://arxiv.org/abs/2006.02838
https://arxiv.org/abs/2007.15539
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James Web 
Telescope

Euclid
WFIRST (N.R.)

Vera Rubin 
Telescope

SKA

GW-net

Lisa
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Final Word!

• Probably Tensions will open new possibilities

• LSST (V. Rubin) + EULCID + WFIRST (Nancy Roman)+ JWT + 

eLISA+ SKA + GAIA + … + Big data + ML+…

• More insight to Structure Formation is crucial!

• GW Astronomy is just here !!!

A little and a little, collected together, become a great deal; the heap in the barn 

consists of single grains, and drop and drop make the inundation.   Saadi90


