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Abstract 
 

Scientists have solidified their understanding of dark matter and energy, confirming their 
existence. However, while dark energy has been observed and verified, dark matter remains 
elusive. The characteristics of these phenomena are still not fully comprehended, with dark 
matter remaining a theoretical construct. This article offers a summary of the historical context 
and contemporary advancements in the theories of dark matter and dark energy, along with the 
current areas of research, methodologies, preliminary scientific hypotheses, and key research 
techniques such as gravitational lensing for studying dark matter and energy. 
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Gravitational Lensing, GL

MACHOs WIMPs Gravitational  Lensing,  
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Astrophysics Astronomy GL Gravitational 

Lensing CMBR Cosmic Microwave Background Radiation

White dwarf, Brown   dwarf

MACHOs Massive Compact Halo Objects
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WIMPs Weakly Interacting Massive Particles Axion

Neutrino Sterile Neutrino Neutralino S-

Particles Super-partners

চিত্র ১:  Standard Model of Particle Physics (Credit: Wikipedia, 2024a) ।

GL

GL

missing 

mass
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: As photons pass through the area near a massive object causing significant distortion, 

their path bends because of the curvature of the space-time they travel through. (Image Credit: 

Kell, 2019)

Dark Matter

Baltimore Lectures on Molecular Dynamics and the Wave 

Theory of Light

Dark Body

Velocity

Invisible Dark 

Body Many of our supposed thousand  million Stars, 

perhaps a great majority of them, may be dark bodies Kevin, 1904

Henri Poincaré

The Milky Way and Theory of Gases
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Dark Matter

But how shall we reconcile that with what we have said above about 

the absence of dark matter in considerable  proportion? …  I content myself with pointing out 

the difficulty without pretending to solve it  I will close then with a great interrogation point  The 

more so as it is interesting to states problems even when the solution of them seems very far 

distant? Poincare, 1906

Jacobus 

Kapteyn First 

attempt at a theory of the arrangement and motion of the sidereal system Abstract

It is incidentally suggested that when the theory is perfected it may be possible to 

determine the amount of dark matter from its gravitational effect.

Gravitational effect Kapetyn, 2022

Kunt Lundmark

Novae

Astrophysics

Bertone and Hopper, 2016

Jan Oort Doppler Shifts

। 

NASA, 2005

Fritz 

Zwicky
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Hubble Humason Red Shifts

Apparent Velocities

Discrepancy

1000km/s

Thermodynamics, QCD

If this would be 

confirmed we would get the surprising result that dark matter is present in much greater amount 

than luminous matter

Bertone and Hopper, 2016

Scientific Cosmology

Groundbreaking

Arrigo Finzi “On the validity of Newton’s law at a long distance“

Despite the highly original and prescient nature of Finzi’s work, it was largely ignored by the 

scientific community, …… the very bold nature of Finyi’s conclusions may have been difficult for 

many of his colleagues to accept  or even seriously consider Bertone and Hopper, 2016 ।
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Gershtein ও Zeldovich। 

Thermal Relic

WIMPs

Bertone 

and Hopper, 2016

Vera Robin

William Kent Ford Norbert Tonnard Spiral

Halo AMNH, 2000
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The rotation curve of a spiral galaxy (Messier 33), is depicted by yellow and blue points 

along with error bars. A predicted curve shows the distribution of visible matter, represented by 
the gray line. Data and model predictions originate from Corbelli and Salucci (2000). The 
difference between these curves suggests the presence of a dark matter halo surrounding the 

galaxy (Credit: Leo, 2018)।   
 

Jaan Einasto, Ants Kaasik, Enn Saar

Dynamic evidence on massive coronas 

of galaxies”

Corona

Missing mass”

Bertone and Hopper, 2016  

The size and mass of galaxies, and mass of the 

universe Jerry Ostriken Jim Peebles, Amos Yahil

Bertone and Hopper, 2016

Sandra Faber John Gallagher

Masses and mass-to-light ratios of galaxies”
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Corona

Halo Massive envelope

Faber-Gallagher, 1978

Peccei-Quin

QCD Strong CP

Wikipedia, 2023

Numerical Simulation

Numerical Simulation

Thermal relics

Velocity Hot dark 

Matter Numerical simulation

Inflationary universe

। Top-down

Bottom-up
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Simon White, Carlos Frenk Marc Davis We 

find the coherence length to be too large to be consistent with the observed clustering scale 

of galaxies ……   The conventional neutrino- dominated picture appears to be ruled out.  

Bertone and Hopper, 2016

Light & Hot । 

SUSY SUperSYmetry

Dodelson Lawrence

Oscillation

Bertone and Hopper, 2016)

• 

• 

MACHOs WIMPs

MACHOs Massive Compact Halo Object

WIMPs Weakly Interacting Massive Particle

SIMPs Strong Interaction Massive Particles

Hidden Sektor

MACHOs:

MACHOs

Brown dwarf, White dwarf

Red Dwarf

Kim Grist MACHOs
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Hidden MACHOs

।

NASA, 2005

Dark

Dwarf Electron-degenerate

Thermal 

Energy Sirius B 

Sirius A Binary

Willem Luyten Griest, 1993

Binary star Sirius A and Sirius B (pointed by an arrow) (Credit: Wikipedia Commons, 

2006)    
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GL ML MicroLensing

Brown Dwarf (Credit: Wikipedia Commons, 2020)।   

Red Dwarf

kelvin

Proxima Centauri

Magellanic Wikipedia, 2024

Flaring Red Dwarf Star Credit: NASA, 2017    

MACHOs

MACHOs
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Gravitational microlensing ML

MACHOs MACHOs

MACHOs

MACHO Collaboration

Alcock et al., 2000

EROS2 Red dwarf White dwarf

Shift ।
Halo

Red dwarf

WIMPs:

WIMPs WIMPs

Weakly Interacting

massive

SUSY

NASA, 2005

Rajasekaran, 2016

Electrical dipole
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Halo

SUSY

Thermal relics CDM, 

Cold Dark Matter

Anniliation

Cosmic Ray

WIMPs

Nuclei Colliders WIMPs

WIMPs

Hot Dark Matter, HDM Warm Dark Matter, WDM

Cold Dark Matter, CDM ।
HDM

10 34

Luminet, 2020

WDM

Strile Neutrino

Ettore Majorana
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Helicity

Anomaly

Minimal Supersymetry Standard 

Model MSSM

Zero rest mass Oscillation

2.14*10-37kg

Luminet, 2020

Ice Cube Neutrino

Observatory

Mini Boo Ne Collaboration

Cold Dark Matter, CDM HDM WDM

Exotic

High energy physics

Axions

Neutralinos

stable electrically neutral  
 CAST CERN Axion 

Solar Telescope ADMX The Axion Dark Matter eXperiment

Neutralino

CAST

Sparticles
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SUSY

Photino

Zino Zo boson Higgsine Higgs Boson

WIMPs WIMPs

WIMPs miracle

Stable Jangman et al., 1995

Neutralino

LHC

WIMPs

Craig, 2014

WIMPs

Antimatter WIMPs

annihilate

particles pairs CERN

CERN

Alfa Collaboration

Magnetic Trap

Baker et al., 2023
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Matter and antimatter atoms possess identical mass, yet their protons and electrons 

carry opposite charges (Credit: Helmenstine, 2024)  

CERN

Luminet, 2020

SIMPs:

MACHOs WIMPs

SIMPs Strong Interacting Massive Particles ।
SIMPs

Murayama

SIMPs

SIMPs Pion

Merging Decaying
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Fingerprint

Sanders, 2017

Thermal Relics

Thermal Relics

Phase Transition

Coupling

WIMPs

Non-Thermal

Equilibrium

WIMPs

WIMPs WIMPs

Critical Point

WIMPs

WIMPs Exponentially

Annihilation

WIMPs WIMPs

WIMPs

WIMPs Stable

WIMPs Freeze-

out

WIMPs
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WIMPs

LEP, CERN

CDF Griest, 1996

Hidden Sector Project

Clavin, 2020

Dark Universe

Messenger particle

WIMPs

Weak interacting force

WIMPs

We are moving to a new frontier of lighter dark matter, At 

first we call these particles hidden valleys because the idea was that you would climb a 

mountain pass and look down to very low energy particles

Hidden-sector dark matter

• Dark Photon

• Fifth Force:

• Dual Photon: Dual

• Photino: Clavin, 2020

Gravitational Lensing

GL
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Gravitational Lensing Britannica, 2023

GL

Cluster 

of   Galaxies

GL GL

This image portrays how the gravitational lensing phenomenon, induced by a common 

galaxy, channels light from a remote galaxy merger, where star formation is occurring. The 
outcome is a distorted yet amplified view (Image Credit: ESA/ESO/M. Kornmesser at sci.esa.int, 
2024). 
 

Optics

Deflection

John Mitchell

Redshift

Hugh, 1911

Von Soldner
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Arcsec 

Wikipedia, 2024c

Plagiarism

Goldhaber, G. 2008

GL Sauer, 2010

In this depiction, a lens with a mass "M" bends light from a distant source "S" so that it 

reaches an observer "O" via two separate paths. Consequently, "O" perceives two distinct 
images of "S". (Credit: Sauer, 2010). 

GL Fritz Zwicky 

GL

GL Strong lensing, Weak lensing Micro lensing

Strong lensing: GL

Einstein rings

Arcsecond
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In this depiction, the observer's distance was manually determined from the ball's 

circumference, measuring approximately 756 m. (Credit: Wikimedia Commons, 2007, Author: 
RU). URL: https://commons.wikimedia.org/wiki/File:Arcsecond_and_football.png 

GL Galaxy Cluster

Arcminute

Megaparsec

 The image shows the gravitational pull of a bright red galaxy warping the light from a 

distant blue galaxy. Typically, this distortion creates two distinct images of the distant galaxy. 
However, in this case, the alignment of the lens is so precise that the background galaxy is 
transformed into a horseshoe shape, forming a nearly complete ring. This phenomenon is 
known as an Einstein Ring (Credit: Wikimedia Commons. 2011a, Lensshoe_hubble.jpg).  

Weak lensing: GL

Wikipedia, 2024d ।
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nonbaryonic

Microlensing: GL Phenomenon

Refstal Irwin

Cluster of gas

 

 
 

Gravitational microlensing of the light of a distant background star by a passing rogue 

exoplanet (Image credit: NASA Ames/JPL-Caltech/T. Pyle – 2016). As an exoplanet moves in 
front of a more distant star, its gravity bends the starlight’s path, sometimes causing a brief 
brightening of the background star as observed through a telescope. This gravitational 
microlensing phenomenon enables scientists to discover exoplanets that are too distant and 
dark to detect any other way. 

GL

। 
Wikipedia, 2024e ।
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Speculation

Overbye, 2003

Homogeneously

Gravitational Repulsion 10-27/kgm3

Empty Space

Empty Space

Vacuum Energy Vacuum Energy

Fluctuation  Virtual

Annihilate

ergs । 
ergs

 Joules । 

Britannica, 

2023

Perlmutter et al., 1998
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Lambada, Λ)

Empty Space

Vacuum Energy

Stable Equilibrium

Inhomogeneities

Equilibrium

Vacuum Energy

Big Rips

Big Crunch

Instabilities
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Missing mass

CMBR

Missing mass

Alan Guth Alexi 

Strobinosky Andrei Linde Cosmic Inflation

Exponential

Wikipedia. 2024f

Dark Energy

Lowrance 
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Berkeley National Laboratory Saul Perlmutter

Supernova Cosmology Project 1a Supernova

Richard A. Muller Pennypacker

Australian National University Brain 

Schmidt Space Telescope Science Institute Adam Riess

High-Z Supernova

1a Supernova

Cosmological Constant Goldhaber, G. 2008

“………. An observation that implies the existence of mysterious, self-

repelling property of space first proposed by Einstein, which he called the cosmological 

constant Perlmutter et al., 1998

High-Z Team

APS125 2009 Michael Turner

“Dark Energy” Wikipedia. 2024f

Dark Energy CTC, 2024

APS125 2009

Vacuum Fluctuation Virtual 

Empty Space

Britannica, 

2023
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