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Abstract
Three different contributing mechanisms have been considered to calculate the

magnetization (M) of p-type Pb; ;Mn,Se for a hole density of p=5X 10'® cmand
n-type Pb, Mn,S for an electron density of n=6X 10'® cm™.The first mechanism
comes from the valence band diamagnetism which is calculated in a frame of the
two-band model. The second mechanism which we consider arises from the spin
densities of holes and electrons and we use a six-level k.7 theory in second-order
perturbation theory in the effective mass representation. The third mechanism is the
impurity Mn*? ions contribution, and we consider small clusters consisting of one,
two and three spins to evaluate it. The three spin clusters include both open and
closed types. It has been observed that the former two mechanisms contribute very
little to the magnetization compared to the latter one. However, their importance
cannot be ignored because they provide a deeper understanding of the underlying
physical mechanisms involved with carrier spin polarization and orbital diamagnet-
ism of the host matrix, in which the Mn*? spins are embedded. Good agreement of
our theory with experiment is the other interesting and distinct feature of this work.

Keywords Orbital diamagnetism - Carrier spin polarization - S(p)-d hybridization -
Dilute magnetic semiconductors - Local moment magnetization

1 Introduction

PbS and PbSe are the first and second prototype members of the lead salt family,
respectively. Galena, the popular name of natural PbS, fascinated the scientific com-
munity before it was identified as a semiconducting material and even before the
advent of quantum physics [1]. The first diode detector and crystal radio receiver
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Abstract
Three different contributing mechanisms were considered to calculate the magnetisation (M) of p-type

Pb,_ Mn,Seand n-type Pb; ,Mn,S. The first mechanism comes from the valence band diamagnetism
which is calculated in the frame of a two-band model; the second mechanism which we consider arises from
the spin densities of holes and electrons and we use a six-level k.7 theory in the second-order perturbation
theory in the effective mass representation, The third mechanism is the impurity Mn “? ion contribution,
and we consider small clusters consisting of one, two and three spins to evaluate it The three spin clusters
include both open and closed types and it was observed that the former two mechanisms contribute very
little to the magnetisation compared to the latter. However, their importance cannot be ignored because
they provide a deeper understanding of the underlying physical mechanisms involved in carrier spin
polarisation and orbital diamagnetism of the host matrix in which the Mn* ? spins are embedded. Good
agreement between our theory and the experiment is another interesting and distinct feature of this work.

1. Introduction

PbS and PbSe are the first and second prototype members of the lead salt family or lead chalcogenides, respectively.
Galena, the popular name of natural PbS, fascinated the scientific community before identified as a semiconducting
material and even before the advent of quantum physics | 1]. The first diode detector and crystal radio receiver were
made by using galena [2]. Pioneering research on IV=VI chalcogenides can be traced back to the early seventies after
the realisation of their potential applications in optoelectronic devices operating in the mid-infrared range [3]. Since
then, these materials have occupied a central position in the arena of condensed matter physics research and still enjoy
ongoing research activities being done on them in the field of topological insulators and thermoelectric devices [4, 5].

These binary non-magnetic semiconductors, when doped with either transition or rare-earth metal ions,
give rise to the formation of deep magnetic impurity states in their non-magnetic matrix. The random
distribution of these substitutional magnetic impurities causes them to localise in the lattice sites with § = 5/2
(for Mn'? impurities) owing to the quenching of orbital angular momentum and following Hund’s rule. Asa
result, these compounds are considered to be relatively new hybridised systems consisting of electronic and
magnetic subsystem units and hence acquire the name semimagnetic semiconductors (SMSCs) or diluted
magnetic semiconductors (DMSs). The II-V1 based DMSs were the first to attract attention and there is a
considerable amount of research in these materials [6, 7]. However, of late the IV=VI based materials have also
become the focus of attention [8]. The common element in the magnetic properties of both types of DMSs is that
these are closely related to the interactions between the magnetic ions. However, in IV-VI DMSs the importance
of the electronic system is no less. This stems from the fact that the host systems such as the lead salts and SnTe
and their ternary compounds are degenerate semiconductors with carrier densities varied up to 10?' cm 2.
Furthermore, strong inter-band and spin—orbit interactions are responsible for pronounced magnetic
properties, such as large diamagnetism, chemical shift [9] and indirect spin-spin interaction in these
materials [10].

©2021 IOP Publishing Ltd



: &f ScienceDirect Journals & Books

% View PDF &

through your institution Purchase PDF Search ScienceDirect E

Article preview

Journal of Alloys and Compounds

Abstract Volume 879, 25 October 2021, 160460

ELSEVIER

Introduction

Section snippets

An all metal nitride nanostructure configuration:
Study and exploitation in efficient photo-
detection

References (46)

Cited by (2)

Recommended articles (6)
Jyotisman Bora, Santanu Podder, Deepshikha Gogoi, Bablu Basumatary, Arup R. Pal & &
Show more v

+ Addto Mendeley o2 Share 98 Cite

https://doi.org/10.1016/j.jallcom.2021.160460 Get rights and content

Abstract

Plasmonic metal and semiconductor hetero-structures in the nanometer regime
render outstanding ingredients for efficient photodetection due to their FEEDBACK Q)

SXFR" ScienceDirect Journals & Books ® Q Register

T4 View PDF your instit Purchase PDF =

Deepshikha Gogoi
Article preview View in Scopus

Journal of Alloys and Compounds
View the author's ORCID record

Abstract S SEVIED Volume 879, 25 October 2021, 160460
SEVIER
el Plasma Nanotechnology Laboratory, Physical
Sciences Division, Institute of Advanced
Section snippets oy s . s i
An all metal nitride nanostructure configuration: S
References (46) 3 5 5 5 Boragaon, Garchuk, Guwahati 781035, India
Study and exploitation in efficient photo-
Cited by (2)
i detection Mare documents by Despahikha Gogol

Provided by Scopus
Jyotisman Bora, Santanu Podder, Deepshikha Gogoi, Bablu Basumatary, Arup R. Pal & &
Gold Nanoparticle-Crystalline rubrene hybr...

Show more v Biswasi, S., Gogoi, D., Pal, A.R.

+ Add to Mendeley «f Share 93 Cite Vv View details
Interband transition in plasmonic titanium ...
i.org/10.1016/j.jallcom.2021.160460 Get rigt vd il
e Lo pa Y ec o Podder, S., Bora, ., Thakur, S., Gogoi, D., B...
v View details
Abstract A hybrid system for plasmonic and surface ...

Gogoi, D., Podder, S., Bora, J., Biswasi, S., ...
Plasmonic metal and semiconductor hetero-structures in the nanometer regime

v
render outstanding ingredients for efficient photodetection due to their %‘



Journals & Books @ Q

jy h your institution Purchase PDF X
Outline R Deepshikha Gogoi
Optical Materials View in Scopus
Highlights 3 Volume 122, Part A, December 2021, 111733 Lc View the author's ORCID record
Abstract ELSEVIER o A
= Plasma Nanotechnology Laboratory, Physical
Graphical abstract . . b Sciences Division, Institute of Advanced
P A hybrid system for plasmonic and surface G Studyin Science and Technology (IASST),
1. Introduction . . . . . o Paschim Boragaon, Garchuk, Guwahati,
S polarization induced pyro-phototronic harvesting i e
. Experimental section .
3. Results and discussion of hght .
4. Conclusion Deepshikha Gogoi, Santanu Podder, Jyotisman Bora, Sweety Biswasi, Arup R. Pal & & oot doclinents by Deepahikha Gogol
Provided by Scopus
CRediT authorship contribution statement B b
Dedlaration of competing interest Gold Nanoparticle-Crystalline rubrene hybr...
+ Add to Mendel Sh Cit i i i

Acknowledgements o Mendeley o8 Share %9 Cite Biswasi, S., Gogoi, D., Pal, AR.

. v View details
Appendix A. Supplementary data https://doi.org/10.1016/j.0ptmat.2021.111733 Get rights and content A
References Interband transition in plasmonic titanium ...

(¢ Podder, S., Bora, J., Thakur, S., Gogoi, D., B...
Show full outline \

v View detalls

c
Cited By (2) Highlights Ahybrid system for plasmonic and surface ..
« Surface polarization induced pyrophototronic effect is observed. E Gogoi, D., Podder, S., Bora, J., 5%
?_ﬁ 4 ScienceDirect Journals & Books ® Q
% View PDF Purchase PDF Search ScienceDirect E
Outline Recommended articles A
Optical Materials
Highlights X Volume 122, Part A, December 2021, 111733 Low temperature Fermi-Dirac distribution in In...
Abstract ELSEVIER Optical Materials, Volume 122, Part A, 2021, Article 11...
Graphical abstract %) Purchase PDF View details v
Kepwords A hybrid system for plasmonic and surface Corsalvent.assisted sintring and thermal tabil..
1. Introduction : : . : : Optical Materials, Volume 122, Part A, 2021, Article 11...
olarization induced pyro-phototronic harvestin
i imacEionion P Py € o ruchueror View et
. of light
3. Results and discussion Structural and spectroscopic analyses on the m...
4. Conclusion Deepshikha Gogoi, Santanu Podder, Jyotisman Bora, Sweety Biswasi, Arup R. Pal 2 & Optical Materials, Volume 122, Part A, 2021, Article 11....
CRediT authorship contribution statement Shomors 57 %) Purchase PDF View details v
Dedlaration of competing interest 1 2 Net )
+ Addto Mendeley o8 Share 39 Cite -
Acknowledgements
Appendix A. Supplementary data https://doi.org/10.1016/j.0ptmat.2021.111733 Getrightsand content  Article Metrics A
References
Citations
Show full outline v
Hi 1 ] ] t Citation Indexes: 2
2 1ghnngnits
Cited By (2) ghlig
Captures

« Surface polarization induced pyrophototronic effect is observed.




ﬁ“{ﬁi ScienceDirect

Journals & Books

5 View PDF

Purchase PDF

Outline

Highlights

Abstract

Graphical abstract

Keywords

1. Introduction

2. Experimental details

3. Device fabrication

4. Result and discussion

5. Working mechanism of the devices

6. Conclusion

CRediT authorship contribution statement

Declaration of Competing Interest
Acknowledgements
Appendix A. Supplementary material

References

Show full outline ~

0

ScienceDirect

Applied Surface Science

Volume 537, 30 January 2021, 147893

ELSEVIER

Pyro-phototronic application in the Au/ZnO
interface for the fabrication of a highly responsive
ultrafast UV photodetector

Santanu Podder, Bablu Basumatary, Deepshikha Gogoi, Jyotisman Bora, Arup R. Pal 2, &

Show more

+ Add to Mendeley & Share %9 Cite

hitps://doi.org/10.1016/j.apsusc.2020.147893 Gt rights and content

Highlights

+  Application of Au/Zn0O interface for pyro-phototronic effect.

Journals & Books

Deepshikha Gogoi

View in Scopus

Plasma Nanotechnology Laboratory, Physical
Sciences Division, Institute of Advanced Study
in Science and Technology, Paschim Boragaon,
Garchuk, Guwahati 781035, India

More documents by Deepshikha Gogoi
Provided by Scopus

Gald Nanoparticle-Crystalline rubrene hybrid ...
Biswasi, S., Gogoi, D., Pal, AR. , \view details

Interband transition in plasmonic titanium ni...
Podder, 5., Bora, J., Thakur, 5., Gogoi, D., Bas...

v View detalls

A hybrid system for plasmonic and surface po...
Gogol, D., Podder, S., Bora, |, Biswasi, S., Pal,

v View details

@ Q

T View PDF

Purchase PDF

Search ScienceDirect

Outline

Highlights

Abstract

Graphical abstract

Keywords

L Introduction

2. Experimental details

3. Device fabrication

4. Result and discussion

5. Working mechanism of the devices

6. Conclusion

CRediT authorship contribution statement

Declaration of Competing Interest
Acknowledgements
Appendix A. Supplementary material

References

Show full outline s

Applied Surface Science
Volume 537, 30 January 2021, 147893

ELSEVIER

Pyro-phototronic application in the Au/ZnO
interface for the fabrication of a highly responsive
ultrafast UV photodetector

Santanu Podder, Bablu Basumatary, Deepshikha Gogoi, Jyotisman Bora, Arup R. Pal 2,

Show more

+ Addto Mendeley 2 Share 33 Cite

01.0rg/10.1016fj.apsusc.2020.147893 Get rights and content

Highlights

«  Application of Au/ZnO interface for pyro-phototronic effect.

Recommended articles ~

Transparent NiO/ZnO heterojunction for ultra-...
Journal of Alloys and Compounds, Volume 729, 2017, ...

%) Purchase PDF

View details v

High-performance, self-powered UV photodete...

Journal of Alloys and Compounds, Volume 859, 2021, ...

%) Purchase PDF

View details v

Self-powered ultraviolet photovoltaic photodete...
Applied Surface Science, Valume 529, 2020, Article 147...

%) Purchase PDF

View details v

12 Net )
Article Metrics ~
Citations
Citation Indexes: 20
Captures




1) View PDF

Purchase PDF

nent

Materials Chemistry and Physics

B 1 Volume 275, 1 January 2022, 125290

ELSEVIER

Interband transition in plasmonic titanium
nitride and its contribution towards ZnO based
pyro-phototronic application

Santanu Podder ?, Jyotisman Bora ?, Samir Thakur ®, Deepshikha Gogoi ?, Bablu Basumatary
, Sankar Moni Borah ®, Nirab C. Adhikary ? Arup R. Pal * & &

Show more v

+ Addto Mendeley o Share 93 Cite

https://doi.org/10.1016/j.matchemphys.2021.125290 Get rights and content

Highlights
» Charge carrier are extracted from interband transition in plasmonic
TiN.

« Utilizes the combined charge carrier generation in TiN and ZnO in

Deepshikha Gogoi

View in Scopus

Physical Sciences Division, Institute of
Advanced Study in Science and Technology,
Paschim Boragaon, Garchuk, Guwahati,
781035, India

More documents by Deepshikha Gogoi
Provided by Scopus

Gold Nanoparticle-Crystalline rubrene hy...
Biswasi, S., Gogoi, D., Pal, A.R.

v View details
Interband transition in plasmonic titaniu...
Podder, S., Bora, J., Thakur, S., Gogoi, D.,...

v View details
A hybrid system for plasmonic and surfac...
Gogoi, D., Podder, S., Bora, J., Biswasi, S....

v View details



lopPscience  Q Journals~ Books  Publishing Support @ Login~

Journal of Cosmology and Astroparticle Physics

PAPER

Low scale leptogenesis and dark matter in the presence of
primordial black holes

Suruj Jyoti Das', Devabrat Mahanta' and Debasish Borah'

Published 8 November 2021 « © 2021 IOP Publishing Ltd and Sissa Medialab

Journal of Cosmology and Astroparticle Physics, Volume 2021, November 2021

Citation Suruj Jyoti Das et al JCAP11(2021)019

DOI 10.1088/1475-7516/2021/11/019

+ Article information

Abstract

We study the possibility of low scale leptogenesis along with dark matter (DM) in the presence of
primordial black holes (PBH). For a common setup to study both leptogenesis and DM we consider the
minimal scotogenic model which also explains light neutrino mass at radiative level. While PBH in the

mass range of 0.1-10° g can, in principle, affect leptogenesis, the required initial PBH fraction usually

leads to overproduction of scalar doublet DM whose thermal freeze-out occurs before PBH
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