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Past Work

1. Motivation
* Mystery of dark sector (Dark matter , Dark energy):

By nature,

e DM is a non-luminous, non-absorbing, non-
interacting (or weakly interacting) and
clectrically neutral matter.

* DE exerts negative, repulsive pressure and
accelerates the expansion of the universe.

# Failure of our existing theories:

Universe content

visible matter 5%
-7r] S

dark matter 27%

dark energy 68%

https://sedsindia.org/blog_darkmatterandenergy.html

Newtonian Lagrangian | Hamiltonian
Formalism D Formalism D Formalism

>

* Why these all existing theories failed to explain the dark sector? %

*Need a new formalism!?

Relativity Quantum
Theory :{> Theory ':{> QFT

SM

[1] P. A. Ade, N. Aghanim, M. Alves, C. Armitage-Caplan, M. Arnaud, M. Ashdown, F. Atrio-Barandela, J. Aumont, H. Aussel, C. Baccigalupi, et al., “Planck 2013 results. i. overview

of products and scientic results,” Astronomy & Astrophysics, vol. 571, p. A1, 2014.
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Past Work

1. Motivation

* What is the reality beyond the velocity of light?

All existing theories 7777

v=20 V==¢C vV >cC

— )
« Our experiences, realisation are regulate by the
upper limit of light’s velocity.
» May be c is the barrier to unlock the secret of dark
sector.

**Probably we need a new formalism which 1s beyond
the velocity of light for mystic phenomena




Past Work

1. Motivation

“*Fundamental Questions on photon’s nature and
rest mass

* Why photon does not carry a fixed rest-mass?

* Why light possess Dual Nature?

https://sciencex.com/news/2020-11-wave-particle-duality-entanglement-customary-pitfalls.html 5



Past Work
2. Methodology

2.1 Significance of the complex number
2.2 Faster than velocity of Light

2.3 The Scalar Curvature
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2.1. Significance of the complex number

d Uses of Complex Number in Physics

v = A[cos¢ + ising]

(Quantum Mechanics)

/Z =A+iB

Complex
Number

(Impedance of LCR circuit)

Z =R+ i(wL — 1/oC) J

~~

String Theory,
Multiverse, etc.

[2] A. A. Antonov, “Physical reality and nature of imaginary, complex and hypercomplex numbers," General Mathematics
Notes, vol. 35, no. 2, p. 40, 2016.
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2.2 Faster than velocity of Light

“ Opposing Theory: Causality, Special Theory of
Relativity

“* Supporting Evidences: Several theoretical and
experimental proposals.
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-

\_

Supporting
Evidences

~N

2.2 Faster than velocity of Light

-

[Special material
which possesses

less ¢y or |

c=1/\/€uy A

€y — vacuum permitivity

Mo — vacuum permeability

J

J

\

™~

Several Experiments:

[Laser pulse in an
active medium, near
Raman gain resonance,
In the anomalous

\dispersion region, etw

4 N

Scharnhorst Effect :

[If vacuum energy 1s
lowered than the light,
then light itself start to

move faster than c. |

[3] K. Scharnhorst, “On propagation of light in the vacuum between plates,” Physics Letters B, vol. 236, no. 3, pp. 354{359, 1990.
[4] D. Fisher and T. Tajima, “Superluminous laser pulse in an active medium," Physical review letters, vol. 71, no. 26, p. 4338.1993. 9
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2.2 Faster than velocity of Light

d Photon’s matter wave velocity

2 _
c” = c,Cy

C.<C > C

D and C

w

¢, — light velocity as a particle

c, — photon’s matter wave velocity
¢ — light velocity 1in vaccum

[5]. Broglie, Louis de. "XXXV. A tentative theory of light quanta." The London, Edinburgh, and Dublin Philosophical
Magazine and Journal of Science 47.278 (1924): 446-458.

10
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2.3 The Scalar Curvature

d Space-time Riccl Scalar Curvature

R = .(.//WR LV
C(gﬂv) in | g|

H —
F4
4 _, 4 R, — Ricci tensor
giir 912 ... Yin
| | Jo1 G99 -+ (on| &"' — Inverse matric tensor
g |=

[¥, — Christoffel symbols of the 2nd kind

gn1 Gn2 - Ynn

R/ll/ — R/J

L p
s p £ P QX P T TP
— ()I./ I [Lp ()/Jr/l. % T r/l P [ oV r[l 1 I ap

[6]. Bochner, Salomon. "Vector fields and Ricci curvature." Bulletin of the American Mathematical Society vol-52, no.- 9, p- 776-797,(1946).

11
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3. Results

A. Rest Mass of Photon

12



Past Work
A.1 Introduction

d Rest mass of photon 1n different media

In Free Space

Recent Value: =~ 107°* Kg

Imaginary| |Inside Dispersive Medium

[7]. Lakes, Roderic. "Experimental limits on the photon mass and cosmic magnetic vector potential." physical review letters vol-80 no-9, p-1826. (1998)
[8]. Tan, C. Z. "Imaginary rest mass of a photon in a dispersive medium." Optik , vol-126, no-24, p-5304-5306, (2015) .

13
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A.2 Computation and Results

)

N ("—) 2 . !/ \ T ‘ -
m = m(A)4/1 1.)] -ame(Ay) L \/Ef—l

(-

m :m1+m2 and m2=m'0 In

my :z‘m’()\p)\/Ei2 —1 where E; = E,/E, > 1

If I"=0 then M = my ;areal number!

And light in the wave forms m =0

14



Past Work
A.3 Conclusion

“*Photon does not posses any fixed rest mass
because of 1ts 1llusive mass

“*Mathematically Illusive mass is a complex
number

*Illusive mass depends upon the scalar curvature
of the surface of matter

15
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Publication

*The most downloaded article in this journal

results in

Contents lists available at ScienceDirect

Results in Physics

journal homepage: www.elsevier.com/locate/rinp

Rest mass of photon on the surface of matter )

Mahendra Goray, Ramesh Naidu Annavarapu®

Department of Physics, School of Physical, Chemical and Applied Sciences, Pondicherry University, Puducherry 605 014, India

ARTICLEINFO ABSTRACT

Keywords: The behavior of a photon is strange. It possesses both wave nature and particle nature. Some experiments show
lusive mass both behaviors of photons can exist simultaneously, while some other experiment state that both properties do
Morphing not co-exists simultancously. According to electromagnetic theory, the rest mass of photon in free space is zero
Photon rest-mass and also photon has non-zero rest mass, as well as wavelength-dependent. The very recent experiment revealed

Space lime curvature its non-zero value as 105 kg(5.610 x 10-* McV ¢ 2). Even experimental results concluded that within matter

(dispersive) the photon shows its imaginary rest mass. We have no exact answer as to why photon incarnates
itself with versatile mass. Here we try to theoretically investigate about the rest mass of a photon. When it
touches the surface of matter, it makes illusion and mathematically the rest mass is a complex number. Rest mass
of photon depends upon scalar curvature of the surface of matter and wavelength of the photon. Photon itself
reveals illusion posing with mass because of its dual nature. We have investigated the wave-particle duality of
light, coexistence of wave and particle nature through morphing due to pliable character of light wave. Our
theoretical work about the photon’s illusive mass will have to be experimentally verified and it might open
plausible new applications in the secure communication of information.

Wavelength dependence
Wave particle duality

16
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3. Results

, B. Complex Momentum of Photon |

17
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B.1 Introduction

d Momentum of photon without mass

K — wave vector

h — planck constant

v — frequency of light
c — velocity of light

18

[9] P. Franken and G. Ampulski, “Photon rest mass," Physical Review Letters, vol. 26, no. 2, p. 115, 1971.
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B.2 Computation and Results

P

P =% [m()(/\) Cp + 1 111'(/\1,') [" \/('2 — ('2J

i [10(A) ¢ +im'(N) I™ e ([ p

19
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B.3 Conclusion

“*The linear momentum of photon 1s a complex
number when light (in particle form) comes in
contact with the matter.

“In free space, photon shows i1ts usual
momentum equation.

“*Linear momentum of photon depends upon the
scalar curvature of the surface of matter.

20
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Publication

% 5% Contents lists available at ScienceDirect

O R S T

13 i t‘\ : :: s
.-_*f___!_"\("v .
7 O ""_‘_._""-.\jét Optlk

v T (;‘ 3

_a Q;:' ¥ .&" =
FI.SEVIER journal homepage: www.elsevier.com/locate/ijleo
Original research article )

. . Chack for

A novel way of understanding the linear momentum of photon e
Mahendra Goray, Ramesh Naidu Annavarapu
Department of Physics, Pondicherry University, Puducherry 605 014, India
ARTICLEINFO ABSTRACT
Keywords: Photon shows mass posing Le. it manifests itself into various forms of rest mass; non-zero rest mass,
Complex momentum wavelength-dependent real mass and imaginary rest mass within the dispersive medium. Photon
Miosive mas reveals different forms of rest mass due to its illusive mass and the dual nature of photons is the
watonf momentum cause of illusive mass. Here we have calculated the momentum of the photon on the surface of
Photon's rest mass . gy - . . . .y - c

. : . matter using illusive mass that implies a complex number. At certain condition (absence of matter)
Wave-particle duality ..

photon shows its linear momentum.

21
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3. Results

Hidden Energy of Photon

22
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C.1 Introduction

d Energy of photon

h — planck constant
v — frequency of light

c — velocity of light
m — mass of photon

As a Wave As a Particle

[10] R. lonicioiu and D. R. Terno, “Proposal for a quantum delayed-choice experiment,” Physical Review Letters, vol. 107, no. 23, p. 230406, 2011.
[11] L. de Broglie, “Doctor thesis, 1925," English translation by A. Kracklauer, 2004.

23
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C.2 Computation and Results

J Hidden energy of photon

mc’
£ = >
| _
2
9
n 2 (1’
=m(\)c® +im'(\) " E? — 1 2
) .
2 - / n 2 2 2 2 (‘"'])
=m(A)c” +1m'(\,)I"\/E7 —1 ¢, |where, ¢, = ¢ + =

24
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C.3 Conclusion

“*Physically photon hides its energy by itself due
to 1ts 1llusive mass.

“*Mathematically, hidden energy is a complex
number.

“*Hidden energy depends upon the scalar
curvature of the surface of matter.

25
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Publication

Optik - International Journal for Light and Electron Optics 248 (2021) 168076

Contents lists available at ScienceDirect

Optik - International Journal for Light and Electron
Optics

journal homepage: www.elsevier.com/locate/ijleo

Original research article )

Check for

The energy of a photon, on the geometrical perspective
Mahendra Goray *, Ramesh Naidu Annavarapu

Department of Physics, Pondicherry University, Puducherry, 605 014, India

ARTICLE INFO ABSTRACT

Keywords: The complex number in quantum mechanics and Riemannian geometry in relativity theory i
Geometrical energy-form the basic framework for understanding the physical reality on small and large scales. Specia
Illusive. e theory of relativity has been produced the famous mass-energy equivalence relation. This articlg
g}"org:;’i . investigates photon’s energy theoretically based on photon’s rest mass. And represents th
e &y energy equation in terms of a complex number and constitutes by the surface’s geometry. Photoy|

possesses both wave nature and particle nature; due to this reason, photon reveals its variou
mass forms as zero rest mass, as real and imaginary rest mass. Indeed, the rest mass and energj
of the photon is a complex number on the surface of the matter. The photon’s energy depend
upon the scalar curvature of the surface of the matter as well as on the wavelength of the
photon. In reality, the photon itself reveals the illusion posing with its rest mass, and alongside|
it hides itself energy. And this energy equation followed all energy forms of the photon wit}
certain norms.

Wave-particle duality

26
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° °
Publication
Reports in Advances of Physical Sciences m

Vol. 4, No. 4 (2020) 2050009 (9 pages)
© The Author(s)
DOI: 10.1142/S2424942420500097

An Alternative Approach of the Dark Energy
Beyond the Equation of State

Mahendra Goray* and Ramesh Naidu Annavarapu

Department of Physics, Pondicherry University
Puducherry 605 014, India
*mgoray92.res@pondiuni.edu.in

Received 18 February 2021
Accepted 8 June 2021
Published 14 August 2021

Several concepts have been proposed to explain the mystic nature of dark energy and the
accelerating universe. Among them, geometrical dark energy is one such class that is based on
the scalar curvature, and another type is based upon the “equation of state”. Also, another
model suggests that neutrino rest-mass interaction is responsible for the “equation of state”
with constant energy density. In this work, we have investigated another dark energy approach
which is based on the illusive mass of the photon and a new geometrical perspective. Photon
reveals its illusive mass behavior when it interacts with the surface of matter, i.e., photon
manifests itself into different forms of mass. Hence, photon might hide some of its energy due to
this new characteristic. This photon’s energy is embedded in the form of a curvature dependent
complex number and could be considered as the new form of dark energy. Hence, we propose
that the dark energy might be hiding in the photon’s illusive form and could pave the way
towards unravelling the secrets of the dark energy of the universe and hence the accelerating
universe.

Keywords: Accelerating universe; cosmological constant; dark energy; hidden energy; illusive mass. 2 ]
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Summary of Ph.D work

* Illusive nature:

p

[llusive nature is the appearance of )
light in various forms of rest
mass.

Additionally light reveals some of =
its energy and hides the rest of the |
energy. Analogy.. A N

\k\’\\;»a&‘r

.

a‘g
-
5

. /

Fig:-Rope-snake illusion

* Summary:

1. Mathematically, the illusive nature of photon 1s a
complex number

2. Photon’s 1llusive nature depends upon the scalar
curvature of the surface of matter.

3. Due to 1llusive mass, photon does not possess fixed rest

mass. 53
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Summary of Ph.D work

4. Pliable character is the reason of wave-particle duality.
5. The hidden energy might be another form of dark energy.

6. Illusive mass can be used in quantum
information processing, instead of photon’s wave nature.

7. In future, by doing some simulation work we might
get the contribution of hidden energy on dark energy .

29
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Present Work (After Ph.D.): (2022-2024)

» Realisation of illusive nature of light:

Illuswe Nature

Experlmental Method Numerlcal Method

30
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Research work after Ph.D. (2022-2024)

1. Implementation of illusive nature of photon:

1. In quantum information processing (QIP)

2. For the reason of wave-particle duality

3. Studying QFT/SM to implement 1llusive nature in the dark sector
(Dark matter, Dark energy)

2. Numerical study on cosmology:

1. Basic programming languages: Fortran, Python, C
2. Special software for HEP/Cosmology: LanHEP, CalcHEP, MicrOMEGAs

3. Supervised Master Thesis: (Theoretical and Numerical Study)

1. Three students in 2023

2. Three students in 2024
31
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Experimental / Numerical Method

“*The work is in progress:

Publication:

Optik - International Journal for Light and Electron Optics 274 (2023) 170537

Contents lists available at ScienceDirect

Optik - International Journal for Light and Electron
Optics

journal homepage: www.elsevier.com/locate/ijleo

Original research article )

Check for

The ‘pliable character’ might be the reason for wave-particle duality —#&=
of light

Mahendra Goray *

Department of Mathematics, Central University of Odisha, Koraput 763004, India
Department of Physics, Pondicherry University, Puducherry 605 014, India

ARTICLE INFO ABSTRACT

Keywords: The delayed-choice experiment is one of the best ways to illustrate the wave-particle duality.
Delayed-choice experiment The consequences of a quantum delayed-choice experiment have shown that the photon can
Hidden variable exhibit dual nature through morphing. There are no hidden variable theories; that can assert

Illusive nature
Pliable nature
Wave-particle duality

the real identities of a photon being a wave and a particle. An open question can emerge, what is
the fundamental reason for a photon exposing dual nature. Meanwhile, the recent investigation
on photon’s ‘illusive nature’ expounds the apparently unrevealed phenomena like mass posing
(zero, real-valued and imaginary rest mass), hidden energy, complex momentum form, and
photon possesses this nature for wave-particle duality. The ‘illusive nature’ could interpret why
photon does not hold fixed rest mass like another fundamental particles. This article will find out
the cause of wave-particle duality from the outcomes of quantum delayed-choice experiments
and the ‘illusive nature’ of photons. Furthermore, we will figure out a correlation between dual
nature and ‘illusive nature’. Indeed, a photon might manifest dual nature due to its ‘pliable
nature’. 3 2
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Experimental / Numerical Method

“*The work is in progress:

Submitted articles for publication

1. A novel quantum information processing without qubits

of aphoton Your submission has passed technical

checks
Corresponding Author: Mahendra Goray

Quantum Machine Intelligence 13 Aug 24

[Pc2lied (a9 vl 2008 S0ined0adbat | 10 The editors' decision can take several weeks

3 . . . as they may consult peer reviewers.
View submission details LS| P

Initial Date
Submitted Current Status 4

Manuscript
Number 4

Does a photon
have zero rest

Action Links '2\1 f_ )5532870' mass on ggg 426’ 27, Under Review
curved space- 2024

time?

. Initial Date
Manuscript .
Submitted
. Number 4 Current Status 4
Action [+
Physical
. . SHPS-D-24- reality and the Sep 30, S
Action Links 00267 complex Aug 11, 2024 2024 Decision in Process

nature of light 33
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Experimental / Numerical Method
“*Supervised Master Thesis:

2023 2024
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~ . . X o
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Future plan
Future Plan (For JINR): (2024-)

¢ Modelings for the accelerated universe using dark energy and
comparing with observational data through a numerical experiments:

Comparing
with

observational

data

4 ) a )
New dark energy model(s): B

Numerical

\hidden energy etc.) = 9 -

Expanding
universe



Future plan
Future Plan (For JINR): (2024-)

A closer look on the future plan

First 1.5/2-months : Study the required basic and special software packages

for numerical experiments.
Next 2/2.5 -months : Research and reproduce the similar kind of

numerical experiments.
Next 1.5/2-months : Restudy our cosmological dark energy models
(e.g. spinor field, hidden energy etc.)

Next 3-months :  Testing the models with observational data
through numerical experiments.
Next 2/2.5-months: Analysis the results and devotion for the publications.

### In free time, wish to learn the Russian Language!

36
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Others Activities

¢ Review activities :

* IOP Publishing Conference Series-JPCS: 2nd International Conference on
Physics Research and Application (CPRA 2022).

» Several articles in the ‘Journal of Modern Physics’ (JMP), Scientific Research
Publishing.

* Proceedings of the National Academy of Sciences, India Section A: Physical
Sciences, Springer Nature.

¢ Others activities :

Social work

« Gym

Meditation

Public speaking

Poem and Essay writing
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