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Abstract

Fasting has been an integral part of human lifestyle since ancient times. It has been practiced in
various religions and it takes different forms across cultures and traditions. In contemporary
society, intermittent fasting has gained popularity as a lifestyle choice because it allows people to
adopt this lifestyle without drastically changing their dietary habits. It is a dietary approach that
involves alternating planned periods of fasting with regular eating. This approach does not
require individuals to significantly change their current eating habits. Moreover, it does not
necessitate individuals to avoid food groups or closely monitoring calorie intake. It has certain
health benefits including weight reduction, improvement in energy, and better blood sugar
control. However, not everyone may be an appropriate candidate for intermittent fasting. This
article will discuss various types of intermittent fasting and their contributions to health based on
current scientific findings.
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ﬁ?%"j\‘f SH]ICTE (Intermittent Fasting) IififFor QIR JTF!
TR 930 Al

SR

HIBTFT R TR FET SRR 93 afiomg ot [y i @d 7@
Rfeqg M Q3R JET B2 =Aleld IE A AP I ﬁ?%‘pff T2 (intermittent
fasting) SRR 93T wAlR oy @ Sor IR 9 IIRE oiom e
AT TARAFOIF ARG 9 IR 9% SRAMRN A=Y F90 ;1 9t 9797 93
YFrET™ @A ARFFHoeR feds It s g e a3 So1asy ardt <1 @ft #fieiq
I T Roaa ey IFeFeild ARIod F9 J@ed < 91, I FEF 40T
Reafbs sToFor M *HEe T J@Ied F q1 9eq g, THAri& I 9R 30
IR AT fRgeR 93 9@ [y 71 1R 3@w o) [RAfod Se[m i s
farsm 31 S A1 0 @1 9 [ [y mea [afor | Bs[m 3z Fiega Sgfoo
GF ST PO IO el O Al A A ar S 2@

1 *ferefer: Rafosyf Bsiam, Ssiam, gevol, @t

oyt

HIBTFT (AT TR AR GRAAGR 930 a{iozg o [fey wofw @it
T=@d Rfeg A Q3R AICT SARMT *fed @ AT Wiy it Rafosd SoRmy Sagam
G930 AT ogE% @ BO®I ST I, FFF Tfo QR Agrely wxe w9 77 [y
I Ao Gt 3T T 7RI G 977 9T Arer @A AfRFEoeE Mas
3t STic=g g fAfe STy SRt sfiefa 31 <1 9od /T qR [APR 7 Sgfo sawo
aft @ TAfHIO! Ted IR A6 ARINT G IR @, WA AIEFT T3 At v
IO q& AAa @ Wdg I St 95T T[T T3 of [oAF (metabolism) IIZR
QFF ARG AA- A HRNF FF-SFF HEF (energy) Tt afriies [FEa-fofew
e BeAME FHASH FAC0 A, Il FARTS BI5f (stress) A, FeTg I, QIR FIFTH
G AT T FACO AR FAO AAIE (de Cabo and Mattson, 2019) Iﬁ?%"ff'@"i?ﬂﬁ?
T SANTOR PN FIFT (O *ME 9F JI10! (simplicity)| 4S fleld FI17 &
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RaEd e FFei@ «RRod FIF d@sa 7 a1, I HEF aoeiw [3bs
FoFoR AR HETT I 4@EF 7 a9 IETreE deic Aol
JFeIE IR GBI TS AR FE I (Varady et al., 2021)]

BT 4 ¢ T fofess B

o I=F 4@ [eq 4087 TGT TR @ed AR 93R A IS of e 41
ORI 4 8 T G SHRICT IR SrigdT Qi (a3t T4

A 4 I *{@ IAST T THIBT FIda- A @t R Ao @ st
ORI AR R ST +4® 4RI 1 AR 4397 /R [0 (@A (6 @6 CTE 9
RO TAIPT AT FEA 1 AT FCETOIE TP g Feds @t Al 41 =31

B[ wf: W oA 7R THIET Wit 8o Fid TR A $@ MFA- At
@B (lent) A P01 @T FReoo ey gHia IST@E FAT IR TAIN AfTq A1
1 A0 {011 MR I=@ [foq FINTH S @6 o0 s &g TR I A

I o I (AR 3@ [FgEI fid ¢ I6 TR F@ A1 9B 3@
@RI @GR SRICH [ 3@

IR ¢ I T=EE 96 [ W@ Giiiao 15 AeT) Sy @ S
S S Fieaq T[T #{fefq I @A | Q@ TR FeT0 Tedq @R I L1eq QR AT
A1q To PR [RF0 AT 21

& o s iy efiRerd) JIGT 233 GIPNCo SR FEF1 IR 7391 oy
AR A 4B TAT Al FE M|

A € @7 AR SeTRT TIT SR offeiq & A1 9 T O 777
QAR *EFF fid @[ 143~k /@ [RFo A&

& ¢f: (o AR AEEY A 936 IRF 9% Fmw ST AT @A)

igfas iea Rafos{f S
ﬁﬁ%‘{‘f ICk B qTo o7 9 SAaRm TIQ@ 47 A=Y (Time restricted eating), €:R
JIPreIT (5:2 diet) 93R RFF Md B2 (Alternate day fasting) (Varady et al., 2021)!
Hia F9@ 4 4% g afoo foivm < 8 936 e sTacE Jer T
YIF| SUFTTH, dbib- BAIM A&Oo GIFOAN db ToT TR FE 47 Y b I
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THRF JEY AR I 1 9F AEI0 SAFAT T 5 I SR @Y I 5 IR
T FRYF (51dR)!

¢:R APEI: G Fworo FIIR A Wd FreiFs Lmrer o T4 W QIR OFF
AR 23 i TR (TR YR I IR A=) T4

RPa-Ma So4IPT: 9 Moo YFHd SR @Y @R M FeIRF 4 a2 F9 3
ST TR0 JEE 4 8T /@ T {70 U@ IRE JEE 96 AGJ (¢oo
IR $9) PRSI |

fRafosef BoarT el e e

aft ¥R I T @, ﬁ?%"i‘f TAIN @ oreredld 9 (internal clock),
MIPLINIGE] W‘J@ﬁ? SR (microorganism composition in gastrointestinal tract) 43R
TSI SAE ol 81T S| GFBIAT e, RO 3 F07 @l e HAwen
RAPET IO IE G T T ARGIIBS dOR @l @[ &RT 9R MRS
TAPICS A0 936 2ffoTe ReFry AR tofi F900 AE- I Ty, GRIGET, e
LENEIMIEE IR e Mool € (IR Ak S IU I EIE I B E e B B GE 2O E BE R (o)
AR FA (Patterson and Sears, 2017)|

Rfosf Tomt RSy Boii ReFrr Ficga 856 a0 171 @ : § afemier
T 3, GG AfS@ MRIEE Fao! ol e I RET 9 gmi
(inflammation) ™ FT (Chaix et al., 2019; de Cabo and Mattson, 2019; Mattson et al., 2017)|
AAfOF AFIIMT @4l eir @, (RO Toiam FfS ehd g T/ @NoR &
“fsiiromEa i dfofam g Fao i@ @it [ya9-93 5o P 900 AIE 3R AqF
CTTR-BRT AfSEY Fao! QR YA ARIBT FIO AMF (Li Sucholeiki et al., 2024)1
SRITR D@ ST IR @&, SR mammalian target of rapamycin (mTOR) 43 o757 RN
oo G o1 A FCIIT A fpetist IBT T FGE AGIHIE (autophagy)
qvs 9T GREE  AFeRFIT (cellular cleanup) R s 90 i@ g
fergpetsiere o5 wgsj| S ol @i e JOW AIE FodF AL A
PO QIR OIMT AT WW PO IIOT FE (Bagherniya et al., 2018; Chaix et al.,
2019; Mattson et al., 2017; Varady et al., 2021)I

N @ AT (time restricted eating) {NST-MISIR T I3 IR 553, 0@
TG TI@ B AT e @@ A@ of Aot IE A @Ry RIET {9 9R
T ARIET TR JAET =7 9 BR TTF 9 QA APECR AR AU OIS (O
i1 AfSMA 4 AT TR 8 (TP do TOF J& FNqw A4 T Frcenifd ad
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TEIBL 0% RF Vo% I (o AE- I oM g wo T voo FIETR JCH
QY (Cienfuegos et al., 2020; Gabel et al., 2018; Wilkinson et al., 2020)I IEEEREIGERCKEIR!
TSHIA R @IECOIEE TG FGPe ol @El @l ik @, 4ft TH TobIct Iiws
Ifema Pevicrd g3 SIICHITT To o517 ¢-do% FAIO FWA IE| If6 ey
9qF (LDL) JM@M8 5¢-0% ™ FE(Catenacci et al., 2016; Eshghinia and Mohammadzadeh,
2013; Hoddy et al., 2014; Stekovic et al., 2019)! RAfG7If TsM7 e *F77 I fFzge
Q3R 3PYferd Af6IHPOT (insulin resistance) I FIC0 JR01 FE1 Qb wiFebe cge™
fof&oBIRE (markers of oxidative stress) T@I8 T F@ (Gabel et al., 2019; Sutton et al.,
2018; Trepanowski et al., 2017)|

Ao SEIIMT @ IR @, BIRA-3 SRIEDET W@ JRea! 749 5¢ @ D
ftd & ITSIET SR AT $@d, 939 oitd Reaaif{a g > 51 (#ba1c) 93 J«t
R 0.5 3T AR Gt @S F9 A 0o =9 FEcT IRE ST P AEPH
STAPFR ¢4t (IR @, PIBIR-C GTOH AT (&7 FIIE6F BIGF (Church of Jesus Christ of
Latter-Day Saints) ST W% IFT [AI{O S SPied F@F ofd NHIET 96|
Q3R BRI I *FFE @l (fasting blood sugar) SEIRPTSIR T AR BoIF,
q9d @ SRIGGET @S 6TE T 0.8 BT I A 9IR FAEFH COEINCH & i7s
0.8% ¥ T R (Home et al., 2008)I 74 SRR HT el B (NAFLD)
AgEE foreias aviced 96 wwged SEA- I I FeTol (obesity) T FHC
Rl Ao @ @eR el 39 591 30T FRT 97 Ty @@ g BT @3
SRAER ARRSER @ gom g 9 w1 e @er @i Bisem @ st
FRITT EOIAARP™ (metanalysis) 4 (AT I @, fFAFYT & (control group) 9 QAR
Rfosf To[T 2 A@T vod, 3T qFT IqEH (BMI), SHEAAIRA SHREIGHIEAS (ALT)
Q3L OIS G GRS (AST) JCT TRO! & (Horne et al., 2008; Yeoh et al., 2015
Yin et al., 2021)!

fRafospf Sof1 site a1 5 fatsme

1R PRI =TS FIFF TFf67 & AGFI A {01l SAIT e I |
ARIT BIEIET M @ERST 7 91 2o Jiqy aft 3@ °o@ &) =@, 9ot 5
TR o @ o IRFH JEIIR REfes | So=[iem fAarrer (safety) &% 41
]I ARsiFog, FROT, FAEM I RAFT T9@ TG AfoFa deR o T gl
Reford So1apt st Serwgo fAaem (Varady et al., 2022)1 SIES AT @4l G
41 ~ATST, @eie A 6T GR IR TPAOE qeot RS g Arf aifSferec
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SRR BRI o JICT 4@ I #1171 o7 foq o™ [Efos | SRieH 7 @aRes
AP Sibeol QiR AT SRAIGR @ (quality of life) BFf0 = QIR AHIRHS FIfS
T AR (Anic et al., 2022)1 G0 TR BIZo-2 SRIGDET NS HLIGRIFING q&J
(T DI oy IR =T FIF) AR T 97 © 7F IF > FIF SNRICH
froiet (safety) JTRA Fa1 AR GO @Hl OR @, @ FF AHFEAS SIF I
18T (hypoglycemia) G2 SR¥RIFIN AN Rk Alc SEH@ey ©I) I A=
(-9.9 £ >3.0 0 TAfeICAIT/EAIT) (Obermayer et al., 2023)1 9FARF BIR7-> SRR AT
% (obese) (PR NP8 ICATAROIITE 6T j@ 1 FE 8Gq JT ﬁ?ﬂ\ﬁ‘*’ff ICRBIE
T I eFfTO AR (Overland et al., 2018)1 RO »R_IGT @ 7 A
AT 9 IR @ ARFT 8&q g™ [, oF AT 2o Tiafte oo did sea
R MR QAR (AE AfSTEs HER Jei R SEdae) i@ Ao )
(varady et al., 2022)|

Rl SoR1T RISl AR 2ceTs [ AISI0! 1 IABIE 3T 29 SFIw=A,
T8 [WeR e 8 [Fed/fenst, IoF soq FeliREs G F9 (underweight), 43R
g ST b FHS IO (eating disorder) A@E 8T S @R~ OICH
FRfosf T2t fa vetl 6 (Aoun et al., 2020)1 F IE BIR5H-> CRIGHE @S,
92} Bi3H-2 SRIRTET wiwie UfE [ IPfem I sTT WReHARERS  (oral
hypoglycemic) JIF F@q, I IR wioed IF0F @I AN (advanced liver disease),
REIMIRCKEIREEERIENS (R CERD G E RS EILE T IRCIP

G

AeAfEF AR TP Ry B0 gord 377 93k FIegR oy [fegem SISt
O A1 IHE F1F QeAerPol ©ieetl, ol Oft SARIeIR AT 900 AEA | O I
SRS, 9, ¢ IProd gl WOR FYTo &iberol iR, TAIPT AleTedd A oleE
TPYR BIGIEF S e 41 Sfbol

RIS ]
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T (01T 93R QAT 5 AR, wafiert 93
JIFIR @

SR

et O @0 IR TR GAIGF I8 ARy T FAfPoei@ TAw  CIEE|
9Py TR GAGH ¥y OfFf HREFIIoed Nl FHo G, [ ©iF @oE
ARG Q4@ AEFII0 SR 2alt F9o AFAA TF @R {91 997 +63 offgs
3 @I 9% AT oA TF @O QR TF QAT orgd [Fiom Ao e
QR AT [FHICR FIGRIE TR QT 437 @RI QI OF @O QR ©F QFS
P QAT FPF-ARONR ([FGiias (16fa) Praeefem ey wfo siseser et <&t
AR, R TF @GR 3R TP JAGR 897 @I AJOF FeT FTF-A&(O (A SHIret
@R (Gravitational Lensing, GL) 93 Q36! 35 +A{H0 9@ €3 @@

qel oefer: JRIAST 8 F4-I[AMS ©AMIA, MACHOs, WIMPs, Gravitational Lensing,

Thermal Relics

oft

O @0 R OF QAT Rgre ggd ohd A @i e dfofemn <@
et R, ol 3 dforaas I@Eal, @A FRFAF SoAwiEs SR @it fewm-
dfofr 3@ all  ft R gk T9-373[=F 1 ok 94T S YTRE 43[& 8 ~afod
AE gorFeid Mae F9 I 71 R guido sasmidRmt, cnfems Kot
(Astrophysics), TSR (Astronomy), JIGRT (E &f$ OY-G, GL (Gravitational
Lensing) #¥M&-*aG 32 CMBR (Cosmic Microwave Background Radiation) — RfS3icid
O-TAIET JFIIOR GIF Gqfél GR TP @OIET 857 FRIN FA=AI OF o
oy Reaidiar 9% Sl 2o *Ale 90 Ii@ @ g o836 8 =6 JifisE FEcd

IS Jrod oAt 3 Iy >aft W 9BFs Tt Ao (Bw )1 el =@
TR G ot [RNET - 9o T F91 19, 9o °F IR, 9 S
RIFIY 3@, AET RS I AfoTa3-gfomad 3@ Q3R RYS-ETIR ovad s feqa
Afofe @1 IR IRCT FIEIF, T8G9 OFT White dwarf, Brown  dwarf 3051%
FIET6F FBefeIds IJRRA Toimicas oove o4 W [N®@E SR gofii I
MACHOs (Massive Compact Halo Objects) |
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o3 97 IFFA Tl Qi@ waRgor e i@ s a @
(AT T 7 99 JRIT I IF 17 6w $uod Reds s 93 F el
I W WIMPs (Weakly Interacting Massive Particles)! @&d- Q3G (Axion), fASiGar

(Neutrino), G6R13e fASGEAT (Sterile Neutrino), fASGIFTEAT (Neutralino), Q-HfEe (s-
Particles) S*H-ABAR (Super-partners), 2071w

Standard Model of Elementary Particles

three generations of matter interactions / force carriers

| Il n
mass  =2.2 Mevic? =1.28 Gev/c? =173.1 GeVvic? 0 =125.11 GeVlc?
@ |I-@ | € @ |- ®H
up charm top gluon higgs
=4.7 Mevic? =96 MeV/c2 =4.18 GeV/c? 0
‘" @IN® |'® || @
down strange bottom photon
=0.511 MeVic2 =105.66 Mev/c? =1.7768 Gev/c? =91.19 Gevlc?
-1 -1

- @ IO I|I@® || @

electron muon tau Z boson

i

<1.0 evic2 <0.17 MeVic? <18.2 MeVic? =80.360 GeV/c2
0 0 0 11

- Q@ I® (@ |/|@®

electron muon tau

' - . W boson
neutrino neutrino neutrino

5@ 3: Standard Model of Particle Physics (Credit: Wikipedia, 2024a) |

S = A9 Y @I FEOT ot 78 @ fAfo 17 93 T opf - 79
SfoTd F@, 049 AP AT @& I7; 92 4R =@t oL (Ba )1 @ - @it
PO P i 349 o @It 989 [ ofoms 96 049 6L 97 3§ |1 9% o
Toie A R @ IgEefes Samats wsdd Wfes s [ 9o fima g
12 HfE7 AR @, Moo’ fomR-fert 3@, S4miate s3s fafy o A@a!
sfifoseid 17 s@ RwAEr P oifed @, eRIE *fes wqeiito @ REd o7
T P, CTAIE O G AP P ©F ARl 93 ORF fofeo3 [R@ART “missing
mass” 43 YIFAR CGifzd 9IR Qoftr Ol B @6 YR OIF Gqi8 AP aT IEA1 93
T qqrST 8 TF @R WREIET 7 @FT 8 TR 9 WS 39 cret
I
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f5a 2 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)I

©I% @61F (Dark Matter): 5¥ @i+

% 3 I8 IorAITeR Tfbo| XfE 87 R[¥T T, T *fE QA2 387 T8l
o1 XS SIFo E HIE IBE@ APR &7 it N w0 @1 *FEF T 31 oifin
FNE A T AFE ST 794 8 5RAE AFOIR T 58 971 IBOs TIF @O TIF
JEH v Realqer offgFei@ 8@ feq aipe JiRsH 3@T 9R OF @FH0
Qe dfry aqad F@d, Hfeq I I O ROE QAT @IEAr IBH0 SAMIEIS
oy PO @ TPO TIF @OR G TP GAET @I (v 9 w_FHAR R
TR

oI @A iy 3o (5 Realdy S3ferm I9v7a @afems @4 Qs 2y
UF W @Aed dbbb- T “Baltimore Lectures on Molecular Dynamics and the Wave
Theory of Light” did @& &30 @cdd, GTHI fofd 2w I, IIFeT @ oPRey IS
IBIME, TIF 6T RN o1t T8I0 I ToAMIT (Dark Body)! fofF Qi 27 wiFing
PRy, R[fFs@m 93 I SoAma-93 ARFeR ¢ @A BF o TRk
FITFIFI ORIRE QR (Velocity) #IfFars @A o7+ 57 ortefd 3o wo ArafEw
Fuc AREaT FAR, OF AFAT FET 9R T FEF TEARFF e AREET IR
PR @ ARFT B0 TAMF AFF I, OF QAR G I8N0 GoAmitad At
A I PG CTAE @I SAMIEAT Wiy MF02 @, 0! 83 ARIT = G141
(R TeAg O AE Al 9R 9Y (Invisible) B0 SAmiAefos 5 BIFfS (Dark
Body) AT I@AI fOfd Q4Id 619, “Many of our supposed thousand million Stars,
perhaps a great majority of them, may be dark bodies” (Kevin, 1904)I

Yooy I FR [GIAT Henri Poincaré FATSET AR +1afb @it wors #eifo g
GIR 933 RIFT 89T “The Milky Way and Theory of Gases” AT QF0 FRITHG Fr
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I@EA, T 70 9 A “Dark Matter” | ITs BN G @afers Fraics i) 7o
Pt FE4, 53 fofas 73 ATt oF @O g 1oF U 391 077 IS S
TR @OIET TRy Wi, [ve Red s e g @m B e @y
Reeldl @afed @I G Tt 897 87 3@ frae ¢ifezd, oy 3@ I7
O GIOIEE (Il SRy @R AR IR Soimics oy 9 opy  JRreifo
IBIEE GRAHIR e A I I 1 ok @ Simiaees JaE gRked +fE 9
BRI O Q6 FANG o A oY Bfd fArem Prases ass Izl
GoeRIE 5 ItT=A “But how shall we reconcile that with what we have said above about
the absence of dark matter in considerable proportion? ..... | content myself with pointing out

the difficulty without pretending to solve it; | 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 )

TIF IOIEE AR{egd ooy R0 oFgeyd TR T Tiees ReaAr Jacobus
Kapteyn, >»2 i@l f5fs @4id oF @oicd  afiegd oRuT s@d1 B “First

attempt at a theory of the arrangement and motion of the sidereal system” ZJ(&HI Abstract 9
%’CW “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.” fofa3 299 93 I8 9R
T HAGFAC Gravitational effect a0 2B FEA (Kapetyn, 2022)|

>»V0 AT JIeEF [RGIA! Kunt Lundmark Ao saforo 019 3@ I 93
FRIRed “fRpyam SAmies e@ wpy SHmias s o @R ST ofF e
{55 STeTiREg ST Seg @ oitid ©F ¢ RiFaew 29 Ay @1 v @ Traefos
@W%WWWWWW@W (Novae) CTofei fdipd S@EfREd Qi B
9 ¢ RIFIR @I Iy 930! e o114y "Rt I@EF1 9% oU-Soifeefc| @FHE
fofd e, FeR cuiformid Seoaelits  (Astrophysics) GBI Rdte  fferd
APYIIE f¥g Wi (Bertone and Hopper, 2016)!

5503 e WA Jan Oort Doppler Shifts ST A ©RF @EOIRT  WIR¥gd
FIRFINIT T FIF STBRAR 3P0 A1 9T 57 orRteflr 3 190w 3@ o
ol @ Afoo AR I, OF GA W@ wodlforo ezl fBfd W@ Iea
MAFSTE TPIR oY ©ER ARG iz, @ TR DM SRI@el o AlE
(NASA, 2005)!

OIF733, 5500 AIET Y3 eI 8917 FIZACHA ARINT FEA TG [ealql Fritz
Zwicky| 53 AT A@F REFIIT AIFF U TF @0 4R GAGT 397 Y
FRINT JGATC IEF; 992 O3 AWl YR A8 Realdir AR I FEEA|
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Hubble 432 Humason >»95 I Red Shifts &ferig Jipd [feg  sreifsm $9o1@s
qAG @ (Apparent Velocities) [ $@d; Gl o *HEF $@F I FOIGES
oiole T o @R SioR Aef¥a (Discrepancy) i@l 93 ARFAT  f&a
1000km/s!| TIGaIAT I g3 TP G [T e “AiEafq|

SRR 5500 AT WA GR WA 99 R0 [feg e feq sweEs
TibTefe] I PEF GIR GFO! T B @A O1Af fofq oftrd Azt 9
RRIT oS o797 @I 1OfF OIef6RWIF (Thermodynamics, Qcb) fefRare ISy W
FOE T FOIEI AMGH TR ©9-@4 A @ GR T @, GHIE BT
TP QAR e @ B9-QFe Wik 9k 9 Fraies difes wfrae =@, sy
QICT AT 2R AT orpy 89 Wiy iz! Q9T fofd Fics IeTd “If this would be

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

than luminous matter! SIRRF >50a e U2 RIGR TF2 @ F@IVAG A FEA
QR @ AR 8 TFo Tib! B9%7d F&@F (Bertone and Hopper, 2016)!

IR ARINTT 7 4R R 8o[ F@IN Tt Bfio @ 9ieT 0@ o @oF
QIR QAGIF 897 AR TG I Q@ ARIF TR 2@ S| OiF 2o IEYT - AdTo
Q3 Y W3 RAEE 89 3 F91F g @ 57 Ag7 ayf& (ofd =71 oo W7 [FghA
Qe @i 4oy (Scientific Cosmology) oI @'f% AT QR AEF
SR e, cnfosmid Reedt ¢ RefogRmat R RIaw o 3w 3397 &9
QY eI T RE R 9T T T APl Wors8 SpnEd (Groundbreaking)
TR ST T @l 87 fA97 IE2 @O 9R TP JAIGF 87 @I IBAA
i@ Nzl 9 FEH eFQs A@IINT Prareefr QT @t e :

) Arrigo Finzi YO Il Bfd “On the validity of Newton’s law at a long distance*
ARING IETA (SO FFET @ I AR, @A I8 TIPS FF0! 7Y I0H
T A FAo M BfF QUi ofF SF@waqr @ ¢dld @ ey I osraiieie
FOIET RET o ArdT Fa0! eors W 6@ wEs QR A BF &=
IETI 94T o I T O @OiR IRl Seimia =t toff =@ clefd fA8oma @
I SN T8I T O TIFI IEF OROW (O Al QAT o7 dB[ e
(FOIF OR TP QAT 8917 AR T &P AOoEHR Fisdt feq farae vt s
@A OsPFNE ReedEr off 9% AR SEEreaty I FIRA FHo AE@T [l

“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)|

B15



Ragib A. Khan
Dark Matter and Dark Energy: Introduction, Development, and Gravitational Lensing
Bangla Journal of Interdisciplinary Sciences

}) Rrdorg FSGER S oo a3y Xeifel A r+aft 4o 27 Sevy S|
SR FEA Gershtein & Zeldovichl IHI 7EF R®IA! Semifes ZEq T4 FEFSA
FremIReE e 9Fed, R @i Rgoges FamdRam @b (@ o
IARET TARCFRET AT 27, I AT [oGar Sy @z, Fo orEan
cofeT e St ORI TUE /7 W 9R 5 oAREe oG do ke
(Thermal Relic), O 897 O WPTHIT FEA| QA OFRT IBEINGIERSE] fadfy s@a 932
12 ©Y-8oAites fofem TRCT REIHF 8 T 89 SRUIT @41 ofg 93
IIHF R 2o FIEE 8 WIMPs SomAefcr 8oF AREIR ot w11 93 A[963 S7gq
qR AT ™I R oA o7 T@ar g dFife @ i wE [Reed siewien
QR OfF ARTI 2 [ASfGEANE ©iF @oiEs @it Soimiq fReT® 891k @A (Bertone
and Hopper, 2016)!

V) MGET I 9FF e AEDT IABFIR ARIN F@A [eql Vera Robin,
William Kent Ford, 932 Norbert Tonnard! Di13 aTiergefem j@fl HfS QI *f&de (Spiral)
Ao el oy-Soiitgs REE-RoRd @ afes [RiE «fEd @b 9 oF
GG Xqe FIF [fite HETro % 9w ©ed ot HEsitoed gwefq
@A, Xt Aol @u Q@ 9301 e Eoge swe Jo +fo @byt 93 I
31 oo A (97 et e [ fmafe e @I 389 8 RE T [ I01
IO UF TIFI AFIT 0023 T4 O AE) | @FF el 278! asios
frg g o1 A, IoE Af5-@F F9-GRH GFR AF| 93 HEIFI @ oF 9R Prais
fa @, Anenfyg @ [ geIie 3@ dEF O (51T Tiitg YR FEIO of et
Bifsiied QP51 Teger <o (Halo) 518 ¢ (AMNH, 2000)!
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Observations
from starlight

Velocity
(km s-1)

Expected from
the visible disk

10,000 20,000 30,000 40,000

Distance (light years)

fb@ ©: 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)|

8) 5548 il foq IR [eAT Jaan Einasto, Ants Kaasik, 932 Enn Saar 93
QIGERIITAC I @W"jjfl A@YI+1afod R = “Dynamic evidence on massive coronas
of galaxies” Y<IC Ol (FIEAT GT5 7T 57 o9 g3 O (o OHNTH 7 1T
ARFO@ [T @A OlE Fg QAR [oig $aeT ot A SApfenisE S e
AT PO 7o oRelr sEa Tt Ga@ 9 @R 2 N(FIE OIFT “Corona”
JCT ARG SEA| OF QU QPR SR “Missing mass” ©O0GH OGS A1 #ATs3r Iy
(Bertone and Hopper, 2016)!

¢) Q IRF2 AEFH SIEINAG “The size and mass of galaxies, and mass of the
universe” AT W Y2 YT TETFAY REA Jerry Ostriken, Jim Peebles, 8 Amos Yabhill
QU o OF 2T ARINANET TH-BAG 4[N FF ST ARINTI Woor 933
e cifed @, TRk IRE e a0t o @qdig AT oEs @ e
ITfET IRET M oot I A B @619 Wiz (Bertone and Hopper, 2016)1

Y) AR @W"j\‘f SEIab et [{ealql Sandra Faber Y3R John Gallagher badl
oftid ATt d @A 2T “Masses and mass-to-light ratios of galaxies” A BITE
frate et w=ifReds @R “TpY oF” orore eI QI Tt ! >Rl <ol JodR
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93 TRy oo e SifFTre o @O 2@ iRl O3 @@ ORI ‘Corona’ W3R
‘Halo’ *[¥@@F IMCET  ‘Massive envelope’ ¥IFAID IIT F@AI OfiF 93 Frald Q3
friogfim 9 @iftiw[ R 3 RRTE owge R 4T F@T QR AFIOI0
FemifRre 3 {69 899 i3I ©F F@ (Faber-Gallagher, 1978)!

Q) 5599 IR Peccei-Quin BG08 U3 ARINT TR Y[ oFg+d| Iftrs ot
FR@TAIT0 FERET QCD U3 Strong CP FFYF FAKIET I Q@2 O AT Fof
GFPRAE TF @OIER TBR7 9ifii 9 ROTR B8R F@EF1 9% 4355 I It vk
@oied i T8l A ReTd @efs QeI Teve 1 {wd $3a0s 9 AsfEe
AT IR FTFIYT FET (Wikipedia, 2023)!

b) SR I T TIR @O 92 T GAGIR 897 A@IIR vy [eeidiat
ALY Numerical Simulation *&f0d SR ©F FEAI QIR @IS ARINIT (F@ 90 94
for@d Srwibd =1 GR ~1afoR e $eaa IIReE TR feT oveg AR
TP @R PO A1, O QF01 M5 ARt se7 93 F=Ifeds ssiiEe [feg
T AP OIF @BIET Ol 8 o G0 fipfE it tofy v IR 9
Numerical Simulation *7&fo% I ©RF EHIET Soima-d @it [ s 91t sfia-
@fEref [y et 3t @F4- ot FaiReds AfF1Es a3 5 Tod e, ar oet sRws
2|

IO JoE (TSGR 903 et Thermal relics - @R wifi IRy @ wofF
AR 992 AT S (Velocity) TG JoaR Qi 9 ©F @BIET (Hot dark
Matter) ©niRdd fROIE@ ©oB"q I TR Numerical simulation T&fo0 @ I,
FIREFINT 99153 (FIREIHAT S0 GE) TR G5! Ty 1B 25% To
A5 2T o A (Inflationary universe) QIR TARCIT 6T i w_ploTCT CofF
1 RSO O Tt I ISR I TIRCF  PIReR 53 9 Tt a0
A1 9@ JRAReT Ao dfewfs 78 @@ Fwd M (“Top-down”) «iRO!
TIE IS TRF @O Toimiaef FxRedm Affeem Rvfo afwif®  (“Bottom-up”)
SEUERISIE]

T Fied 93 Prgeridefd Q@ 9bt ReqEt K174t FI0 A, ST QIR [T TR
bR =R AfFeE TS By wa SIS off @ Wy AEdio [t
Pryerid R Ferreesfo T perfFeflen 8o[ S@yIR oy-Soiiced J&r [EF
ReFY 3@ oedd oS FoEd [WeGEt o} 99 @@ E o[ 9 NS ©is
@BIET o oege 1 IR I
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d5bO AT Simon White, Carlos Frenk 932 Marc Davis OItMd AEIAN At @9 “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)

S T @ AEeefd AR@ITET @ [eas fae offed @,
fASfGEAr O @oIEa it S o i@ qt1 SoIers JooEd fASfGer o @oieE
HAINIE OET YA GR T (Light & Hot)l 58 o7 [d ©F @oiEs oifersst
QR [EFAEE 4@ Im @Gafq IS [FefER wi@ fOat e[ ikl oxot
SUSY (SUperSYmetry) O0gd 2i3fE 391 c0aIRe fASifearm, fASgifedry 3 offfrer
Eceed

5) 559 AT Dodelson 93X Lawrence OIMA FIRIMANE@ IR gdedd Bod RO
QI T IS AFH IBR FEF; OIRCEA- O @0 TGt fY iy, @efer gfpfro
FefGefes Tt 2da IR A AfSfE S@ at, I AT SIS JoorE @Lo AR
O A 92 [Tofger fife i wifRed 2 <@k offr Wil oW 93 wenAt
freffe ifif®s = (Oscillation) (IF WO TRF @OIET SAMA Beog =1 ©@
FRf5F it TfEpiet RewR FdE 3@ fAaegs @, [Fefat of @tias Wi et
RO A A (Bertone and Hopper, 2016)!

Q4d TV AFIMSfTT AEGAR et IR [T T>FE 9T aFo! HiRFF
RIS Treld1 Qefer <ceT-

o RSO FEINT e
R GERIERI NIt IR o)

MACHOs YR WIMPs

TR (ORE dorFeid galt 4R fAfice Readkr 3 sxfkes 3831 2T et
o @ [AQEdl oiE- JR0OF ©°IO MACHOs (Massive Compact Halo Object) Q3R
FACQ SO WIMPs (Weakly Interacting Massive Particle)! OIRIGI,  Jrof6F  iceTq
Re&AR i@ F7 235 887 FERE@A @AAA- SIMPs (Strong Interaction Massive Particles),
Hidden Sektor &35

MACHOs: 93 &F(d I8efel @DYT Ol Q@ R FIETIRIS 0 AE@ ! Qofer
S &P TR GRS SoAmidef =i t (offl @ 49- g4, [Fegd, @ffod1 MACHOS
Jvefe @ Swiad =@- f[A8Gd ofFl, Rftzg a=efe It Brown dwarf, White dwarf 932
@R T Red Dwarfl Yfeds 4R &l TBYE 1T & R&IAET S4B PERA!
ifEsmfin kim Grist #¥F 93 MACHOs AT 2Bk FET |

B19



Ragib A. Khan
Dark Matter and Dark Energy: Introduction, Development, and Gravitational Lensing
Bangla Journal of Interdisciplinary Sciences

FIEHIRT If [T8qd oFlels @A R R HREeR KSR FTAToR
fAega oRef o7 T QAR 5,8 R © 9T AR O @I PoiEEeR wIRE
EFT T T 9F GFET WO @9 R 92 Somiaefs opy2 @0 o[ ot
e w=iRess @i Y (Hidden) SIREM G AR MACHOs Y ST Sice! [
@ I GFAER (R 3@ 91, A=BATFEF e I AN, @A 42-7%@d J
I 9| QiR T QRY @A 39y (3, DI 92 W[{EF SAMe XqIe 337 &2
A1 RealTat 47! F902d 9% [ {2 RO oo O @B Ao Al
(NASA, 2005)!|

fAega oftefltr 93 PN wipfos =@ @R @fbs wiedsier I @A ey
RIGHIF I8 T MF, OF 9efft PP (Dark) T THO A gofe @RY AR
@ ofF @, o1 Yo JiyF 8T Jcot 77

AW (GIAEF (Dwarf) ETT AT THET ROTRCIET &, YO Electron-degenerate
THAmid = o301 goft 46 1@ 9T {HEE SR T oEE @I 996 o Wi
@ AR A Gofey 33 Figde g3 RFHT T 01 IR GAH (Thermal
Energy) SRFERY Q| TRGE FIF Mt @ =@ sirius B (Ba 8), @ ‘j@% R
b, SN I8 @ w10l 9t Siius A 97 @I AN (Binary) ORI, S50
FRHo T YR Qfbq AP @A RGAAT Willem Luyten (Griest, 1993)!

fbg 8: Binary star Sirius A and Sirius B (pointed by an arrow) (Credit: Wikipedia Commons,
2006)|

JeA (oo ofFffeE o7 NYRTo ET OEF GQ b% 7 [ 93 PR IRE
AT @I TOIR, G @It S [t <@ a1, 1 @ieat aiet [RiF3Te 3@
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ql IR el Sege AfRTeE o[i¥o Jied ol 6L I ML (MicroLensing)
MO0 *qe [ F| ARATIRA T T[R9 A3ty ofFgs sRyid FEa|
QYq 43 IR 92 oo @ AT I o 247t f3f F@EA, of O @G
TAMIT AR &Y IR O ANE Al

Planets & Brown
Exoplanets Dwarfs

Planets, brown dwarfs, stars &3

(not to scale)

fb@ ¢: Brown Dwarf (Credit: Wikipedia Commons, 2020)|

@G (GO (Red Dwarf) IE FIFICT S_ER @6 (9ol &7 @ 7 ©FF 19
9.¢%) 9R ISOF (000 kelvin) OFFN IR SRR [EE ARbo Ta=ad e ¢
SRGE  fAF6I8! Proxima Centauri O1RI51 4RF3 Fd2eR IRE ITRE A6 I 333
374, Ifer GItd @4t AR o< ReRive @0 6 T Ao QIR G567 e
9> Q3R Magellanic GTCT 4R 4TS 2R WY ORI JQR (Wikipedia, 2024))]

fb@ v: Flaring Red Dwarf Star (Credit: NASA, 2017)!

MACHOs @feT I4q (FIAT Sogel AResifo 8T I M AMoas &, 099 Togef
Befy IR FAERFT MACHOs ofdT X o5 TIRT &P TG It TogToq @ S|

B21



Ragib A. Khan
Dark Matter and Dark Energy: Introduction, Development, and Gravitational Lensing
Bangla Journal of Interdisciplinary Sciences

ST OFF SIS T A1, U I =F Gravitational microlensing (ML) @ft TR
MACHOs I8 e 19 SIES0 afo1 0@ MACHOs 99 “Ifo-gpfo fac Readion
J47 Torew BRI 9GP0 [@A! IETT MACHOs U BI-BA1G (IS TR @OIET ARQ
ffa <9t TR 91 AT AEGS 7 [T 000 Al (MACHO Collaboration) ICT(Rd, U<
T[T IR@IEPR 97 FOE 257 TICNOF I8F THA HAST (IR QR GIAIE i
0% GIF GIGIF AFCO 2 (Alcock et al., 2000)!

EROS?2 AFGIF IF U3 Wel [{%eiql Red dwarf 432 White dwarf (& 93 805 XSS
AV FOIMTA FERAI O G IRET AR FRCFEBR Freo (shift) 4o safq
T OfFl Togel ARNTSARO (Halo) 93 IBIRT 9% ©ICHS I ©F HAG FAO
CTE®A, @2 Red dwarf /I 1ol

WiMPs: Reiqrr g wqiRgo difEs 9 9B 9 o @biad Wit SomA
RO o8/ @R, 9% FAHER I T WiMPs! wiMPs @3 @It ffafie [eaifass
I QYA RS 2R FEAI OIR AGFTOIE I I, qofel Foefd agq 47T
drefee ot 91, @eft oy JIi e M -ffm 3@, o7 A
Iefed MR @@ [@E f-gfofan 3@ af (g Ifows =fer, @wa [Fefgar At
24 T M 4R T G0 [emn @)1 9oty SBIors ForEs @At ot 97, 9%
249 I GR AF @R 28109, 58 Faa i g

qefdt SrFeR AfFbo IRI[s Toma =&t ©fF 331 9efeF “weakly Interacting”
I 7, IR Yot @I T79 fm-2fofa Yo’ @@ IE! AT SoAwias o Ma
BB A0 AR JofelE “massive” IeT I, IRT @2 4779 g A0l 9 o
I TR 6@ wEe AR 0 AR @ TG 93T @ioEd A vo ’/E
¢ooo & @t @R ©iff IO A WF SUSY ©rgd ofvo fasers Sefer Jer aft =@
YAFIOF! Q4 1S WIS A@INT @FAT [t I3 F0=q, Goia  FSG,
GFPRE R fA8GIferg FMefd, SREGE TBRAM, ©F @R @it Ssimg 63|
(NASA, 2005)!

frefgear wifisicrs owa s Reeidion =a! et fASIGEr T4 SPfq1 Seeb- T
R aifisH 3@F @, FSGER {7 I 9F0 ©F IIR| O IS [&@IA! 77 PET
92 % 0 TEF IR Yofey TIF @OIEs Wit Ssimieas s8Ry A1t 7637 Seiar R®3
39 (Rajasekaran, 2016)|

GFPRF FNE dBR [ W @Al 930 [T8GEAIT  “Electrical dipole” G
qPRfO gat FIF w1 9F 92 Afg weArwa sl R crifSimr w9
[ AT 93 [y {w@Et 369, 9IFPRETS @ &7 @2 T @oiEd T8[y
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#1dt 2eTF ARR WEd [@A 39 51870 [ @@ 2457 SAfFant 93hra s
Serfifio TfRe| IBAAE GPPRA 93 SARFQE TR =BG AR I (Halo) GIR JH
TGIIES I I IR

917 susy 0g (I [widid A8GieaE o @oiEs wi@sst ssiy Aid e et
A=A [ASGiferg 7R BRI woitos wieiFFeor g3t wore off S Reeidmr goices
TR R FIRY- @R ARGER @R FN0F STiq FI@A!

R 9@ I AR, i TR STre qEr i Ftefo Jor 93 @@
G AP B T@®A  (Thermal relics) €32 Qo2 =@ ISt ©F GBI (CDM,
Cold Dark Matter)! T GRS TIPS A FF &g it Sl Feg
NRIENT  FIRT @ O RAF (Anniliation) IR I GTATS O ATHRIA FEA| OIRIG
N @, [ASGEAr 9 {60! ey It oirafysjee Igoi®s I (Cosmic Ray)
ofelFs 93 P TBYE IEAI 93 I AT T TF WIMPs FISFIE @Iam
AT (Nuclei) S RIE IOIEAT TF; SR 999 IFFIF (Colliders) FLITES WIMPs
IR HAe FAF B3 91 AR

WIMPs &1 2fifee Siefers [Reeiqr ok foq oitst o @Al I0- S8y
I (I (Hot Dark Matter, HDM), 29 I (019 (Warm Dark Matter, WDM) 32 Tt
TIF @B1F (Cold Dark Matter, CDM)|

TE% TF @O (HDM): 93 o Rw[Rr orEar @[ jfave oo
Bl 28 FEAM Q41 TR @ &R 96 0 9R TFFAR 79 I8 Sl
freffet setefer 2 @2 apets I @il 92 ToAmAeflE aRy SASTeeIE
#If¥o; Qeft ofPo-grIR (F@3 T o058 TETeId FI6 FE| oA [waat 7
IEEA, 990 FOfGER e 2@t 93T @ftEs 93 [fera iR gFere, g 103
s fASIGEAR o7 Ofo sy, [HSfGEAR Hfe 99y ST IARCY ey SAmiEs =fe
JACQF 0.0¢% (Luminet, 2020)

ST TIF @OIF (WDM) : 93 S SNEHT iffn efi$fEs Soima Bk @i i
TAMA 0 M@ I@ [@AE qd F9&A| IR oIk [TSGEAw (Strile Neutrino)!
CHI13T fASFat stuRe Aol ot 2da 39, 7 39 I ofeo-gFI CFEd T
@A it @ 91, 0l YoRE H4ie 391 ors 491 8 2 el ary
T IR CNRY TP X7 e femt-affofamt 3@

q s ST A AT AR @A Ao oIy [Keeiql JEiE FiesEal

(Ettore Majorana)|
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GBI fASifofes Sed <1 v fHefrefer 381 ¢ @R «Afo (Helicity) ©
AT (Anomaly) TG BT STISIG JoER A7 GOf{F SAmaeer 36 «fodfa
O ACF, GOIPR SFT I W1 (@A (6 GAMIs 81 8 @ o 1T WA TI
i <@ 1@, 31 793 3@ 317 -fAop@[r o7 3fite STrere JoEs @#5q Jf
FRIE FMefr o i 3t I s adie Tog et g3 i, [ve [efGar v
999 43 Tl B Ao ‘{‘1/?{'@5 F@FT T IR Minimal Supersymetry Standard
Model (MSSM) 9 GeTelid ORI T @R @, MR Woifefs “J9-FF-o1”
(Zero rest mass) 9= FE dosb- AN TSIGER ~™a (Oscillation) bE@ wfRi®H 2877
37 Rt 397 29 TG o3 J@st F300 | coa1d [MefgEels 3 [Ed o3
8 I IE I RGN gBR F@d, IM GO [Heffraefes 3 <2.14*10%%kg -9
A 9 W, 0F 93 FMef7 ORF @OIET ot Boimg 26T oG STBIRA! litg I
R 4Fal FEF (Luminet, 2020)!

AP AT U@ CHIRA [ASIGEAIRE HAG FIF & v @R, 56
ol TRef Ferpa T [RER @F9 0d0v AT AE@IFA Ice Cube Neutrino
Observatory (© GGFIRe [ASIGEAE ¥AG F9F 90 I vEEI T8 @14id of
ORI [SfGER TR *[fq co13a oGl e 93 AP 1K 9o I @
GG TP I =G TY @At (g A o -afofam @ 9 92 T @G
it Sofimitas TPod TRRAT A ©1F 23 327 7 [T Mini Boo Ne Collaboration
Af3 e, TSGR 30 ARTR 6@ 9@ QR AT e 1T ofiq coaiRa
fREfGEA *are 337 it 93 writem 3o

5ot FIERE (Cold Dark Matter, CDM): U2 A9 R Gomiaef HOM 8 wDM
el QTR IC QR TR S0 ™ W1 9R AT FANDO  (Exotic) GoAmiAefe
S stwid R (High energy physics) B8oAMa F1 3189 7@ I K@ FF F&@4, Tl
BIOY  FoER IRET R 93 43699 ZT By Smid =@ 9T (Axions) Q3R
IS (Neutralinos)! URA il 303 F@ R®IART €79 $@F qefer T
(stable), ©f%E fAICIF (electrically neutral) YR TFFAR YTl B SF >0 @S
QG S0 @ 93 Jr I@ [WAF 7 @A 93 FAEHAR cAST (CERN Axion
Solar Telescope) 93% ADMX (The Axion Dark Matter eXperiment) Al R0 s afRFA
N 4qIe FI1F I bt <7, 58 of 7 3|

QI PR Bl og TSHFEr (Neutralino) &FET FNE ©F @OIER it
oA fROTE 4B FERI CAST ©rg dfofd it S99 G [sidio 919 wigegs S
SRUIT T3 @R, QfoF I JAF ACAR (Sparticles)! 9o T ATAETT G
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oiff I SUSY B9 R ORF @oIER wifti Sotmiq ReTd R GIftiEiEs <o x[re 4t
IR, @efet TI-THIT TR @OIET BT 0 @1 B0 707 T4 @bt (Photino)
(CPlBeAd {5117 MiPAE), zino (Zo boson) 9IR Higgsine (Higgs Boson) FIR TITR
S GIfeIAr oore O OiEaR Beog =3 Q3R RERTIR 97 793 ofpd fofGer Seriifno
BQIES]

G2 &Y APNE IR A7 FMefer @Ry 3/, cry TIRey el g A
JFE T, Ao &7 @B GA 974 o G (Yo &) =(© @I o YR Brgd
ISR FABGIAIE ©F @oIEs wifi Ssimia =83 Boga seRAT fReI® cedd!

FarmidTR T STree qoe @ JARBEG dfr A @t s,
OIS WIMPs 3 ¥AE It JIF 39 W1 93 I /EF wimps F9F 5R{9-
QBT AQd AT TAF O AE I IS [GIq! AT FEF1 93 ASRAIE [eaieTd
O Il I “WIMPs miracle” | Q19 ({TF O IEAT AT SreafGs i stivam st 3
A (Stable) T OR B8 TIF GOIET ifH I O MG (Jangman et al., 1995)!

Qs @A Id [FSGER Jo49-540a Neutralino TRGE AFSIARTT ©RF
@OIEE O SMdI 050 FEH 9 A@IN 2@ JeI QWR®, LHC 97 FGE FJAH
Bl xafe 3363 AR 94 @R, Of 9@ [S@A wiMps & (& BIF @0IET
oift; 4 SRHIF AT Q@ A=A (Craig, 2014)!

i WBE T R TmiTeftirs Rea@r wivps 3 ST e TeYe
IEEA

dfoss (Antimatter): WIMPs Il dae 99 NG AGT FEs g4S7
@ Afo3B 93 oog I W AT T G foIe iy, @efE w1 93 e
Refowd 3 Rt @ g IEqER 4ot AfGGd, ERR-fv@ERRE, @iva-
rifeettal afteefe 3 wnft Somiqels ar ofdo 349 @At I8 o afoIes T
fierar-2fofaat S ©4d OfFl K7 (annihilate) @ IF YR RFFTETT AfSw T 1
4 I8 e QET Oy J (@IAA- FI-939 Jgefeio) o3q Simiqef I8-cet
(particles pairs) 93% AfOIB-IGIO FHA “AFAicT ROHO 1 do5Y M &IT CERN 9F
Q39-3@ oift ARGIEd oY off FI W A I CERN 9T DT 208
fRGaIAET (Alfa Collaboration) U3 eTd WY YIEGIEA WY COfF FACO 7 9 YR XA
(¥4 (Magnetic Trap) (Off FE IO @ ST @I TYNF FEF IT (& IO 9
%9 9 (Baker et al., 2023)|
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Matter vs Antimatter

Lithium Atom Antilithium Atom
electron . positron +
proton . neutron antiproton . antineutron
@® L
@ ®
- . + +

Atoms of matter and antimatter have the same
mass, but opposite electrical charge and different
quantum numbers. sciencenotes.org

fb@ a: Matter and antimatter atoms possess identical mass, yet their protons and electrons
carry opposite charges (Credit: Helmenstine, 2024)1

ARY ST @A qoas 92 TP TIE o [ 91, Gry @ FEFaa
Rearqr 2fosao R4 T I @ S99 497 4B FERA| OF A
R 9@ @ 92 437 T ST TBRAT I3 91 92 I AH @ @l
QETARETPOId RE0H| @I CERN I el gtedd 3y dfo-uq off 3@ ol
IIFAT CFC@ FIoIF PR AT OF JY I T 91T IM G @S B A3 0T
A0 W OF IS Jwel g I &ifTo @ R Re@id ov@ 76 I@ 9F 7
21 @74 9@ IERA, @ STFF o0 A0 @ TRF @O 9R A0 TAQT
C¥(q O8I W @I 9P (R (Luminet, 2020))1

SIMPs: 054 It GIF @FOIRT Wi ToAmias 8o 930 IoTFa«d @it
IO 1 QLI I AR MACHOs <5 TBANA JO, WIMPs 258 SBIRAIRIT @R 93
IR SIMPs (Strong Interacting Massive Particles) |

¥ SIMPs 3@ BR 9 AR, 43 Il A Jur Sieei’ [t @
QR ART FHR TR oore Freid [ 3@ Qi [Reldl JIRE (Murayama)
SIMPs e ERIFeltR yFfao IR A R/ olow ARy AT FEEA!
SIS FroEs 9t Fefd, @ 9 f[A8ga It @itd off = faftE U @R Ta9a@
qITE SIMPs FNT #A1F (Pion) FI1F To! W36 @RIE W3R 96 W6 @RI
TR 20 @RI T P51 QAT 92 MR e At @f St =3; of /&
Reaiql R Ie4, AMe Qofd @ gl FFT Somitas i it @, oit
9Bl @R FeliiR gofe [HIF F9F 0 9@ (Merging) I I (Decaying) af &
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TReY 2@ Ao 58 TR 380 BId 96! fPd1at (Fingerprint) (I I1s3ot AIfEs
(Sanders, 2017)!

AT @FIF (Thermal Relics): R&@AEr e ot 1, [RoR7RR 97 27 749
T It =fted ©YF 93 i Wit §u Fiefew T8I o A Qi I =T Y-
SRFBR (Thermal Relics)! 92 J®! ST Yo [ody T390 [ 5 oft-fAaers
QI FAF TBI @RA| 93 TIFNO W’fﬁ?@s ReaiAs S I I “Phase Transition” |

Y3 O Q@ OMF-fFFCT Tgo difelR Jug FE AR <, qoffm Sesimes
AfFAIT @ e Ao Py et 9 @SRt (Coupling) g &3fow el @R strfrefd
TIF @ORGE *Ae 397 &9 33 @9 @Fa- wiMps Tl oS & Sgol T8
Re@ARt 41997 @9 O @OIET 930y it Sofima Sift i satefer orst-Rmers
(Non-Thermal) #f&@! (I TEO G|

ReslAet e, 9 TafReds @ ofs % oEay 399 Wi Smiqely ofy
2ftee, ©4d ORI 96T T S=RFR (Equilibrium) X 3R TeoAifio i SsimiaefltR Iqg
qR FIOEF TAY A 92 AR f&et G2 TIoR IR 49 Tt St 2ftze, o4
T WIMPs 43 AR QR @BEd U AF+ifcs @ AfRET oz adhe
o Tt T AheIE IRt 9@t Sl Q@ @it [Ffo 2tz 93 93 iR
WIMPs g3 AT @ Fa00 AR 9IR @I0ET R T B0 AR 932 WIMPs
Fefe Siv orfEER FRR{Yo (Critical Point) GifRiE! R @ afiewib sao I
(coiBa fysfaca et ofc™ ofFal FARe) 1 WiMPs FIefer ol 349 wfs [
A BT WIeT, ©4F ORI T 8 (T TR @ @A A 93R SR IRt S=g[
(7T QR WIMPs F1efer 999 mﬁﬁ (Exponentially) I FJC0 MF| PR Ol feso™
T TRIET FIC BIOR ®SIA (Annihilation) 0 PR QR DI T4 FACO AFH|

I 9o AT @ T =R W4T HFR (T M, OF OIOE TAY NS I
eI A OHFGT JCR 93 Af I 9T Ret sTarve oFal 9o A @@
SR FA @ T4 9FT WIMPs 9T ATF ANEIT WiMPs 0o “A1sTt st 2@ BIR|
SOAR O RRA 9 @ @ Q@ T oR17HT wimps Fiefr 1 @ I@IT 9@
FRIFE S @ I THE @ AW @ 96 wimps FU ZIF (Stable) =, GIoT TIF
@B i S 3o A

93 ORBR Q@ TIIFE 57 WIMPs I OG0 F017 F10 TG @ (Freeze-
out) IS T G CTOfeTH GBI SEA AR QI TS ARG AP LT
QEATIER AFFIEF AGE of ABFSIR@ SRTIAN T I qoftiR @ A=l
WIMPs 31
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AR GBRF Tolo, SOl qoeH @ 57 T Ft smidRme 2dq ofte-gaan
JeTO0gd FYIE T FH @R, I YARPIAG ©rgd (F@ @Syl S[oaR [Resiam
AT FEF, WIMPs I =T TIF @I @it Somig tofy 2@ Ao @ s
QAIEA A FNT I9F ®IF B 04T G @ TIF @OIRT 9t SAMAE Hqfe
IR Toga AT I@@I @ [R@[ow PF =@ W o @oiEs | Semig
BHGTe B8 (IF 7o @ WF OR, Clefm o e R frar-afsfar s
AfET1 qR W3 9B Q2[R 9P F9=T G LEP, CERN It FIf¥ FicS
CDF QYA T Of SJY F7 183 A (Griest, 1996) |

f&ted G183 &5 (Hidden Sector Project): 00V IR @ SIEIA A 2T GRS
Q3R O TP IEFT T @O @A AEAN 9T (Clavin, 2020) WA GofdF
BISIS FoEs Wit Soiimaefen Fmoi (Fitd, 3EFgd, @RS Io7i™) fae ¢ AfoNa
it Seiwiq ozl SEIeE #fHfbo IR{e [ad9io 9% At 9T SAmiaefer @it
O FRCY (Dark Universe) SRBId 902! Ol SIET I, U3 AEAT Holod ©F @OIER
Somidef Ao war fEn-afofim 3@ I R F4@ A @At 49T
I I (Messenger particle) T FE 43 ~AFbo T[T 8@t F90 AE
e Qeofet wiMps TN 77 {oiRo- Qi o7 2ER O3 SNl Ao T[S 2t
1A (Weak interacting force) it far-afofaaiy fo@ <7 Q3R oImg Je o 94
RT3 <31 ofF IET wiMPps TR QeTdRl U SiGAl Goiod Sl ©F 8 e e

Y E | QI P GEP T4, “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.”

93 4CTF Hidden-sector dark matter 93 IO A
« Dark Photon: *f& 327! P I @l ©F @OIGE TR I& IF©
AIA|
e Fifth Force: ‘Zj’ff\ﬁ(ﬁ G0 Eifer st ¥feq TRy ozl
e Dual Photon: (FIGCAR G0 el (Dual) S5 I Sy izl
e Photino: CFIGTAT GRICAT i1 #BAIF WIItR! (Clavin, 2020)

FRAFAR @ (Gravitational Lensing)

G4A *S ReaEl TP @O 3R TP A IBE @S 717 T It
FfFS o aiREE F900 AEa 1 TR0 IBTeR 9o FETINR & [WeR owg|
ARG T GL | 99 AFS WAl Ao 3 AR FERO! T A=-A%d, [ oAt
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ST ARINE &Y ¥R A=iod I [g @RI 9 GG 439 ofgs FAGE! &89
FET ARPLIZT GR “Gravitational Lensing” XA JIFT FEAT (Britannica, 2023)!

GL *mafod FE 93 I{eed o8 JH =71 oo §fed w8l g e
SRFAT0 SAMASRE o7 I Sy @RET @] c&ioo Ak 1 Ao EI0! I B
QA I @IEA! AP [ @ [ifeg aeeios 3@1fEs 7 Ma @34, Cluster
of Galaxies, #3130 W @A HEIFEI i Gir (7 T RIRNT AT AT
Reaq 2T 93 A9FF), 549 TRE I8 TSI AT I AR A1t
Ay ARG 01 93 T8 2AfEito @ /G [ GLI GFIAN, GL 9T Gl @
CHCR I I8 AU AFHAR IR W@ o7 @ Ryfo 96, of Ffag g3z of
R IB0F ©F AR 9 %o (ba b))

f5@ b: 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).

Y80 dA08 A 2T ©FF Optics & TR ARETIFIE AETR AG4Y @
IS FBRAR U JeeTq1 fofq o1, IAIRCT I8 43997 I8 = W et wioars
IR AT BT AN AFHR FIRCT AT &fS5hY (Deflection) 6o AlE ©F
JIE’  foel Frro oifgs | oY fofd of IoErT g1 Mo ITTe g FEMREA|
58 ofF IET IWF AIRTO TR AT MF | SRIA dab-8 A [R&Ar &9 [epa
(John Mitchell) OGIET HAIFE=IA SEA! fofd I JF wieer =30 d@eH 7
RS ToawiR RSy SAMIER T RIET TR0 IR A5t G (Redshift) @O
AIE (Hugh, 1911)1

Q37 QI AT A ETIBAIT (Von Soldner) OfF AGIN@D sbod S 41 58
I =T dbro8 M BT 932 AT IS R F@ I, 7 FFiE w_Fo
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ol (I fAfo et 3 397 3+t i afoas 3, ©4d EIRIE 2fosmeE
q1d F 0.b-8 Arcsec | 58 9 STHIOR Realql [T QR EHSAIEE @ Sovias [RiFacrs
g F0 SRERT0 TER T AF | FET 04F S [e@dar wies Fad QHEs 0
ST At Q3R AT TIFE TG AIF 6T 7T FA0T (Wikipedia, 2024c)!

555> AT 93 Ogivd 87 WIZATIRA Wi 0ogd @G b e e
IET IR SRYIFT FEF @, FII0 AIPIR AFIT I AR A6 G IR
H TP [Realdl T4 CITAIET TaOveER [ IRFMR B 93 FRT o=@ &g
Reatd I ABIRR [R¥0a T (Plagiarism) S aiedd, I 57 g fzet1 vg @2
ool iqoss AR TR 0 Mo ReR P FRPORAG Fass Ao
7319 O = (Goldhaber, G. 2008)!

>555 AT AWIA! 9fEGa QR BIAF ST T 9fT BT AIF 3@ GR
HIZATIRAT SRAIIN A5 I et @ GL OGH I8 AT ¢ (Sauer, 2010)!

f5@ ®: 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 U3 TIRFICY A0 AT M 4T FAGES [RSIAT Fritz Zwicky | ©FF
ARYNT 2 FAErF1R Tl 93 {RER Boi7 IS SRR 2 4@ IR 9% oFF FIw
@0, @3 ofgs 3

GL 9 JFICom

GL 93 f5a0 517 Azl GTofT T Strong lensing, Weak lensing 932 Micro lensing|

Strong lensing: GL 43 @ Rrfoefd QAARITFOIF SRErel @l I o 3ot
F 3G EIFRI @FF Einstein rings 97 21 941F 3fore 31 =20 352 @ orefers w=gar
A @ IR SAF QAR XA I FRMRI AIAT- @At 90 WenfHg e7
I T GA oo [few et G w7, o7 @ IR =R 8v, el o a@ I3F
AFEETS (Arcsecond 4t @I FofafFaz 36 95, @IT 9F BT S/0v00 T
E GF AP CIEFS) BiF A

B30



Ragib A. Khan
Dark Matter and Dark Energy: Introduction, Development, and Gravitational Lensing
Bangla Journal of Interdisciplinary Sciences

Arcminute
~756 m

f5@ o: 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

e oL I 9T Ty UERIYS (Galaxy Cluster) W T G ALFT IS
FRAET (Arcminute Ufts @36 @I FafETT 936 91 @IF- 9F BT S/vo
T qF SRRAD) 0 M@ Toy ov@R Boife wfRefs e @ wf¥o; ¢ift
FEF FNAFTCTFS (Megaparsec) O ANE|

f5@ 5>: 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: I4q (FICAT SO I 6L 99 7% M@ oy @, 039 g g
Rpfe 9ok U W @, OfEE =T J67 ¥@ Fd IR 41 @R [5e Rgfoefae Ad
3 W IG @A R AR R-AieN a9 gda @i 9
FIYER IS [ReATA TF @O QR TF GG ARTFINC 20t SR sy S@wt
A (Wikipedia, 2024d) |

SAMRTE IR GFER AFR T (e opefy-sae [&va 390 1 @R “mafowo
g offge ~TRIRTHefR ¥ 8 Qe ST w@ @I =R @G- SIS Jf
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Tt Hifeus FoER TRt FI01 oYU 99F Q@ [REAET ©F @6 9R O
ATET  HEREFINT ATt FRFIET TIS ARIN F9=A, FIFY TF @O I ©F G
nonbaryonic  GHAMIA|

Microlensing: JIRCHEPR GL IR Q36 [T WP (Phenomenon)! JIRCFHIERR
Q3 FUE TARCE @ SoAmaef 333 19 o [RiF 3@ I 9F3@R [{537 33
1, OIHACE Hqe S IR 92 *fod 4T Oifgs 4@ 8B FEa [Keeidl @or
(Refstal); OIF Of IBE NRBF @A [Gql 93634 (Irwin), dSobb- AT

Q3 FARCT IO 49 GoAmiqefer, IJARCE ST SAMITTT AT Qerdr §8%
<, FARCIT SfPIT TAMAR T oy oA syEa Sege w@af, @efd
et RfF99 @ (@Fq o) 9 @I 36 AT I8 I I87&, @l AIETH A4
IS F@ (Cluster of gas 1 FT) B 8273 AR T U1 @3 Y Sofriafer
Q4T S AMITE HEHE FIoR IRA BF 9% F077 Toimaelr B3 sS@an
R FZ@IERR Ao I T4 W AAF- BIF @BIF 932 BIF A

fb@ 5X: 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 9 Y@ 7EN0! qA{eds @ Teifem Wit [ifHo <@ AR¥o @i
FIRFET I IR, T AETH A5 R0 G IR 9% G ISR FRCT ARRS
g puifogm SAmMIA FRCIET @ oo AIE; @7 WeT o= e qf e &9 <eof
Al QbR T FCFIERRI 93 e Realdsr osiedy Sy 1 8y 9py aga Ieefos
JBFIfS oNifIHE PR (Wikipedia, 2024€)|
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©IF QAT orgd WS ARG ¢ TR

e oy RERR O gddie oy ETR IE AQFeR g
IEEA, Of g8 TF qqrdt JE@e QR AT o[k @ CIg, OF @OIET QoIan|
R QAGR fRa- &RER aqaael Rediom g Ao {REeaR (Speculation) [T
(Overbye, 2003)1

Q4d 8 ReaNo™ g T, ©F qqrdt J=Ifed STaTgeId (Homogeneously)
Reifio) 9o Tag A $F; TSI T =0T G SPlo7 APy Ierefer S @il
fergr-aifSfat 3@ ah o 9 ST =Y 367 T [F30d, [ @b oms sy
“Gravitational Repulsion” e =31 6Tl G qTeT  FIfRey 10?7/kgm?® F RCA
il 93 AT 9o T @ 9t JRT IET U@ HETT F T8I T 9GR 9
Y% TIF QST <17 CHIGT (Empty Space) @itz Qife ¢ Y T, G ST i
I 932 RGN IETT T8I0 G QARSI TART 7 ©F QA |

TR qAG SREGE 2F0d 8 39 I & 4fE7 999 ¥J T (Empty Space)
I, AMFE [R®ET ST “Vacuum Energy” I 1 MfGSFSIR@ Vacuum Energy
AIFOIRET TAGAOF FIET TAF GBI ToNo @At JARBE(G 749 @RS
Fluctuation 43 IR (08 IR, ©4d @1 QA 4 virtual I8-2f638 @et ReTE @1‘%\_\9
]I @Ry o 3 R0y, ot Jeg TIY TG R TAMARI [FeAlq  (Annihilate)
W IR QR T8I 7 9AGH, bR @ oFIn 9qfel Rofgs ensa 9afds
*RRFFo AR @ o [FoRF GFREIE 0 ergs | T8 FRISE Fq oogd
SR 2T &S [FoRF GIBROIE 93 AfRFIT S0 »° ergs (W 2T ST JA
Q30 9T I o™ G (Joules) T TAA)| RGARN Y AT AN (AR GR 50>%°
o e SR A T 9B TTPR @A @SS TaF q4q S [Reardiat
A0 @ 71 @3 A S [ealdl Ta1ia e R 09 4817 $EA (Britannica,
2023)!

T @0 R TIF JE ReatqRr 93 9=iReiR o3 ¢ <7 st @ e,
HfEF @A 92 TR @ AT TI-4F AT I, OF GQA AE@S I AT B9
Q4 Rl 93 ARG [eelqRt JRTsReEs T o FIF@ I IE T
G eI TN B[ @Al 9t goe [pi@ Tk o) eaffdo af e,
FRITHRET @ I OF FIPT AT FA&No @ 90, R [R@[ET IEH, TSRO
QAR Witz O qAIG SfFegd AQ@rT o SiF dssy Wi ReeldRr o
FFRITFIICSIE 2T FEF (Perimutter et al., 1998)1
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IRy ©fF GAR fifed ¥y o AT ARAvREE AT wief e og
@, I8 of ARFTIREAT TASIE2. TORE | ARIAIRA T F@EA, g0 A ooga
AFITfR It 92 IR RPN SR WEIEFT @ A@ G2 TR B3
Iy ogh Red s=@ s 3@ @ F41 o ok fofd F 3y oy, ofF
AT TG AR &, ARSI 9FT TIFI &I (Lambada, A) TE FEA

SIIDIRT I U3 ARSI (Fa (Empty Space) iR W3R 4T cFgefer qife
¥, T4 A8 (Vacuum Energy) @1 g4I ofF Bl et B3 IRy 4@t g
(Stable) (O @A &adt SRR (Equilibrium) FAER T 931 93 IR T¢I
AR IR 9F T RO A0 AFE I SAAIGOR (Inhomogeneities) I
FIRCIT SR (Equilibrium) ARRIBT 6@ 1 oIk @3 IS AW 43 TP e5iRo =7,
ofF 9Y T 1A 57 @ v toff W1 o9k 0 @R 4 oFq off 1@, oo @R
g HS (Vacuum Energy) 8 TG0 (0 IPE 9F ST ©f JE 9 R QR
HENR @ TIR R FARPY /T (Big Rips) X IR I TAFF I I @
AN O A, Tgd TISIOR TAMIEAT TAMET &F, B 9F T3 qIReE
REIHT ¥F @ 9R I FreaRifbe (Big Crunch) HoTRET IR 93 TR
TAHIAT PR AZIPDIRA o Wi org aeEifos &IF @A IEA,
FIFT 7 o g R @R @13 FR0R T2y w@ipos 3@ a1, 9R_E
#orfioe sEal, Iy 7@ 5% 9k O3 R #fS7 aigam Tz e fzm
T GAISIF (AT, A ORI [eq S $300 @A, wa6i3q faws 991 513
*FE0I0 WAl WA 49 ARG TR IO AT @A, 049 ARFTIRA
JEIREA RSItTd @I Q! et ©fF JFIGA I8 gl

ReaiqEt O 9 AST AREFINT AR ST AT &9 ARy I ey <9
ff @A G123 BRI @G ET AR JANo BHIF ¢edd, G @I gEar
HfEq SARET o QR o SRifio @ifes ARG @ HeRy 3R aRysgefio
oY WG Rt ARt wpy @ Bemig IwcR, J300! @ M6 X ATE @Il
R&?

92 YeiF B9 ST T O S @i 936 ARFores IR Wiy
(Instabilities) FTRCT @ B IAIRY (ofF =, OIF TeoAvieas T Ffy dEa1 94 of
YT @A Gfrest, SfSTHae @Fr 9R TAAR MO GNE @@ O Wolo
FIfess RoEs 9 A @A 0@ 4R swiom aReiios el IR 79y
fyefa <t orore Sfod R AarEf sy 71 SR T qad AT 3o I A,
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Q3 IR AT Ao IR IR I TR G2 I G SoAWET SeoiiveEd g9
03 FI© AFA|

5500 AN [ SRRFT AFINTT T ©F @O W3R ©F A TPIRIEAT
Rl afedat o =31 O sl $Ed 93 TR O @R 9R ©F 9FGH
¥y IR, ¥FO Of7 o “Missing mass” I¢1 HWToRo dEREA 8 044 GRS
TR AT (F@d MR @ ARATIREAT TRCGHNOF T 9F! T7F AHFo AT o
fResrq Sqaid 900 i@ [l

Reaidt e RFET 17 AW 715 @ TRF @OiF 4R OF qaqGF 8o
©F4 @A SEARA RN 7 71 [ 07 ™ [eaq ™ 93z [earat
SIIEE cMBR RfFad Sifisica o R o1 e arn samRa, [Rowg,
@rifssmdfgt 3omif Aitrdeft wR Rw I “Missing mass” & XA F91F
Od ‘FE QA ORI @@ NG QR T0F ™HF QAFE 93 [RIAT 897 oReg
TR ZFIT =1 [ 93 ART Qe affsrR & o @oIET oF@; GAIE
RN ©F QG {3 wenfbo @i

OR IR 7@ 349 [eeiql 9o 9% (Alan Guth), RSIAT i@y SHIRIRA™ (Alexi
Strobinosky) 43R WItER o7t (Andrei Linde) O ARe=ifo< 500G (Cosmic Inflation)
#BR FEF, 0¥ ARG I I’ FRY OfE 9% OrgF MR TF qJAEH A
@Erefer <fa® e f&

YR O0g I @R, TARCY AIMGF BICR (Fa AR, @i AR TF 96" 73
SRYSIT T pRa-EHER M 92 [ witg; @l se3o aifm FifRes® et
(PG TTOH T P! AT SR 92 HIRCIR A AT w0 =T IR Of bgd
(Exponential) T @ GiaART A9 U o ARG S AGT 9F ORI 6T
AP APHAT 4 TAGR A IO IR A QMR (Wikipedia. 2024f)

Q4T Rt IETq, AefoF FEIN @FAT TR TP 9JEH J9Qe 9099
@ AT fAfy 3t @R, o7 797 o7 AT 9Es @ X o) ved AR
R g =F & 9, @ I3 Q@3 o 9aEiT $es @k [5-an 99
@3

WO “Dark Energy’ 43 *RHEFIN0 AT ARINT ©F T dsbo IFT RS
i1 vFmo [ReRiom % kT G2 T9aR [Reaor @ R X 93 a2y @
ALPMBO R GG Of AFF F@ (4l U o3d IAFY ToF ANSTF &P b AT wel
A 92 @ 58 HAPOIE NIV A1 YIF N TTP WA SfEIN ¥F FEA Lowrance
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Berkeley National Laboratory s RSl STree ‘71“1(_“1/‘{@‘1?{ (Saul Perlmutter) Q¥ (19CQ!I G|
S8 919 f2e Supernova Cosmology Project 3R Q4Itd ©fFT 1a Supernova @l [R3-
38 oI [Adpa 3@ 0@ 9 RTS Wb 4o @i Wit Sretiot e [eedr [{pe
e (Richard A. Muller) Q32 @AY GIfATFE (Pennypacker)! IiF A8 fxeeta [ty
IAET 241 93 933 fIOART Australian National University 43 fRealdt RT3 (Brain
Schmidt) 43R Space Telescope Science Institute 93 Geiql oMy 4 (Adam Riess) 43
(AQCQ High-Z Supernova Ay IEIT s o [ 1 @’ AwEs Wl ‘jf\?@?l
HfeHfiod GReFHefd 43 CHCTR I GTHAE JIIT FEF QR o [ier’d
ACARPIF AR 1a Supernova B ©-B9ife oY @ oedzd @3 IRy oo
TR R o BIFIEE TP boo WA 8 YR oW-Toeltis IRCIT
(Cosmological Constant) I 1T F I (Goldhaber, G. 2008)!

Yosb M FT AT W3 SRINT 8 9T Afomma oife =3, GiE

TATRIE I A R, “ An observation that implies the existence of mysterious, self-
repelling property of space first proposed by Einstein, which he called the cosmological
constant” (Perimutter et al., 1998)!

Y55y Al High-Z Team OICE ©ibT &3P IE@1 i Fraie fzd, aReeR =R
A5 FACOr ORI AN, IR Wood IR GR IIFE e R0 @A sovEn e
A O Wzl R TSR Req Koy aft & 9 afegpy ¢ e s
Prarel ST 047 e [widiom 4Fd! foed @R Iy IR APECT FIRCT ot
FME @ (APS125, 2009)1 @ I=A3 Ryogim A=A B (Michael Tumer) 93
ITTN ST ATFIT FET “Dark Energy’ (Wikipedia. 2024f)1 #7901 7 Iz@d [{feg
@Gl AEYM [T Ao 29, 93 IR AMIPTT Q3R PR @ T IR
8 Q@ ITYIT Dark Energy SIGAIZ (T T (CTC, 2024)|

IBAE [T 9@ [@A 3679 o i qsor T8y At @ AR 1REs
FENOF I, 58 GIRIES Tyt Wikl [Re@a ©Ff @qifeE sfiaes @ s
ciftzrzd, O Jid WIFHIRET FIEFT G doo>*° @7 @R (APS125, 2009)!

(PRGN ©0g Vacuum Fluctuation 99 &P (@ Virtual SAMIAef Seoimd 0w,
cTefee QI Empty Space 4 TRBIA (¥ 4R 93 AfFFIT QA3 [RSqmt Q &R
IARA 94 RwaEr 92 {3 Ao’ @Fq (573 wiqm A@q 7, of 92 39799
TR il 5673 ©IF oI @y f$-at o7 Ry Resat @4t faf5o 99 (Britannica,
2023)!
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SRR

o W&IfAs Ryorg I8 8 M FAAR 595 SJIFolE It 41 I3 41, {73
2% sorEloeid Tt X @2 I8 (off AR IR HfF Ifefo 7 I8 A3 @3-
TSI THGARIO STIOIG ATeA(b 1 G IR AR Je1 ST $U Ie70
Iz SR9fFoe@ HfET ot 5@ IieT dRT AfEs @At IRaEFE  AfF-Fa9
T IS I | AT OIS Feo@s it Fefd wify @3 *few vt 8 QG U
00 A1 TIF @O 9 TIF GqIGH (v@s AR 1 58 9 STeY el T
qqIETH ARG *HETFII0ER 2Flfdo s, Ok @O @ IrT gart K| 9dq
43 ferg o fiFafd o1 Readr crdd [feg oo 93 STy FToEs G
FARA IR CTAIEA BRF QAT TPTHIEA P @O 2Prafb sReifioe@ wifdgo i
A& QT8 @A af FIEr FRIORHF FNF TG IS G|

TIF @6l Romo O @Js T HHETIN0 2T o8R FI0 @ A0E
Reifioms Af5F *&6 8 43 @ F300 Q@1 GIORR [@IAEt 94t STHiq A, T
IARA| O ol TR @R *HEATI TR o, FAmidRgr, PR, aicifreog
(I F3F), FRITIHOG (TFa ©F) 9 YFF AT STRAR SPIHIF BIeAiwzd| Ao
PIETHSE SR S APTHA HIAIoRA ARG e, @oif$Rmt, GRA-5%, SupercDMs
307 AT 8 oo
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Abstract

With rapid urbanization and economic development in Bangladesh, waste production is also
increasing rapidly. Recycled Plastic Pin (RPP) and plastic roads can play a crucial role in
combating climate change and managing plastic waste. Plastic pins made from recycled plastic
enhance soil stability, preventing landslides and soil erosion caused by heavy rain and flooding.
This RPP contributes to mitigating the adverse effects of climate change. These pins ensure the
reuse of plastic waste, helping maintain environmental balance. In constructing plastic roads,
bitumen mixed with plastic waste is used, which is more durable and cost-effective than
conventional roads. These roads are more resistant to temperature fluctuations and heavy rainfall,
increasing their lifespan and reducing climate change-induced damage. The construction
processes of plastic pins and plastic roads result in lower carbon emissions and reduced fuel
consumption, thereby helping to reduce the overall carbon footprint.
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Resiliency

Citation: F. Rahman, S. Khan. 2024, Transformative Solution to Plastic Waste Management in
Bangladesh, Bangla J. Interdisciplinary Sci., 2 (1): B41-B50.

B41


mailto:j00986301@students.jsums.edu
https://doi.org/10.5281/zenodo.13131742

Fariha Rahman, Sadik Khan
Climate Adaptive Solution to Plastic Waste Management in Bangladesh
Bangla Journal of Interdisciplinary Sciences

AFATCRTIE Y16 T AT G AT TN
AL

SR

AT B0 TATAT 8 qRATOP SR R Y I8 TS o I “HR1 q0FE
#ff56< 319 Jt Recycled Plastic Pin (RPP) @3 253 @I SeRY ARRSEs [iFema a1 9
AT T80 IIZATR 0P| ST IO @ 7ET0 AT ) wof 2TF P
o7 BfoTeTor fa F@ O 8 P P B SReT YR AT $7 i@ S0
T IS AT FE- I SRR AR FoFq deld I FE! @ FHaee §7d9g0
#1555 JIW I (OfF TN AFTF IceF AT f[fvo I@- It AR sy
TG O FIFD| AT @6 fefiee 2o Ie0 ko R 3799 591 =3 - I &bfero
ABF QAR AGS FRQAA IR THFANEFT 476 A U3 ABREI oAl g3 ol
IRsiicon Afc Wi STrfler e VO AH I M 9R GeRy ARTSE
IR P FIHO AR 2AFTF P ¢ 2T @re At e < e o7 7 9=t
3 G Qe - I AT S THRS FII0 TIFF P! A

pifs: 26 T‘kﬁ, Sy W, Recycled Plastic Pin, %63 @T, WW
of !

ol
wo AR 8 Lo ST v JeTorT wi GFRIE epet 9o gEie
BT 021 P8 Q9P A IR A T80 TerAmead s I #HiwR) 1o foF i
I AT of ve @ Fed @@ FAT QTP AT TG 8¢% I I8 TR FI
- T LIS I (Islam, 2021)1 IO XIJIQT WA I I87 Teotmeas A
g1F :¢,000 Ba- T &S I=F FRMPIR Sa0 @R I T T G @6 @
T 9F-5QLIRAZ TIF! X127 B4 T (Ahmed, 2019)1 IRFITCN 0 IRZAA TP
@ 01T Tz [T AR AT A4y TeoAmd 8 JIF1 TSI IRATCT IR L.¢
Riferrd Ta AT 300 Toffio =7, @A &fSfia &’ vooo Ba A 6T Io7 I&
3zl Ok 6T I8T IIFHA IRATCR T 9 IT HiEs @ Aoz 930
NI ASEMA S F9 AR @, A6 27 IEUNE AR Y @Y 09 ST > BA
26T Fo0 [0 <o (ESDO, 2023)1 IR AFGET AT 7R @RFe}
AT QTR Ao IR N I TP AT T Qe AR
o @ ooty =, IR @R W 4093 AT T low density polyethylene (LDPE)!
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AT, S

Y

(IR INGEIN
S

-

foa . At Rfeg o18@ A6 T (ST@: Deutsche Welle)

IAIoeT AT IITT QR AREEN Tog A5 007 [t gk

i R Tol, AIFIEENT TgFd W 07 IRTAAT &Y oS s’
IR AT AFTF IIFAAR 9T FIRNER F&T FEIG (Mourshed, et al., 2017)!
Rrrkd 9 AfS@ma Srqadll, IRMECR H=AREE 6 377 AR =463 G
ARFAY 00¢ FIET © G Q@ @CE w20 AT & GFS IR 9T TET VYIG 0> JORH
2592 smafaieo 39 W REA QR Ao /Y 96 9FIF IIR[WAPY AT
@a: ¥R i 8 ATIEG @ (Uddin, 2022)1 SIFFRA (@ 93] A6 I8 (ieiEt
[ R Y T 607 M G [TFHT T @1 93 (9 S=3io 24156 50
FHILAT I TRIFOE A@ Id @ O 977 o7 Fo Q3R #H1f{7 e e, 93
I fASHT IIZE TR @ ORI B RN IPT 9IR T I Jeol 7@ @l o
RIS Iqo9 Joy ATSI @ fAFPIEs SRt YpEs oppEolR @or $fF Aozl
ARG FAC YH 70 W OIR A TS 73T T Aas 73019 A T

255 I8 9R FT IADF, R0 9R TFIO F@ IF PR @@
G FIYFAY TS ANPRER (RoT¥ @ AT o) g7 A7 fwria gz
M1 Y I 10 IEAS WA RO @ DI fAwria g7 Ao o9 et 919
% @@ (Mcveigh, 2023)1 IF IR FAT FYFE SifivRgol IH@T AFEEIAR
SEAEE 495 29 PO W1 SAFTIH, Gl A ST 9 ATAHIT FGAT
(DT ST 050 FiEeT EF AefAHHA ~AFHE F900 AR 0 [’ Gerlg 37 IER-
T T ¢ FEREE AT 477 93R o FENRTR @ ARFF TG T (Molla 2018)1

e, so
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qAl 8 AR OAmet TeTe ARl 7 AGE A AF5F I87 AoIF oo FE 9
(@GR FIGFHE 1B I (Chowdhury, et al., 2021)1 GRIGIS FIIEHATF TFC I
Q5] 87 ffFF eto Jq R 47 A6 6T T4 @ IEPR 9R TR
FOIAICE A (@ TR0 ART TYAT AN FE IR TARS sArem iz

(Khan and Setu, 2022; Hossain, et al., 2019)I

15T I87 TIFAFIT FASIPIN (Transformative) ST

76370 AT T 3t Recycled Plastic Pin (RPP)

fepfter STdt @ orptstcat R 2S5 *ieirm TIF Suared I sfior- T AT
T JIBAART GFE AQa M BB FA@! FTIIT0 ATF 519 A Recycled Plastic Pin
(RPP) 2fTF F87 4R R0 w3afod [ 93T ewFgsd Seia TR wikgo
TR (I-FATEAT 5T IoT QA ©fF @Fa: Afras, FMo7 St ¥ P o
IR A AFTS (4 Woff F91 F (Khan, et al., 2013)1 YRAKT IR TV TIeet T 7
GOIAE & APoF P ePgs)d omq IO @ TiF BfoNTor™ (slope stability) S
AbfeTo  AOUE AR FIEF6 YR TI0 AW FR- T @I J[_™ AT IR
ARFIoeIRS FoFal 93 [o[io, RPP T AR QIR ARERITI [T A
TP T AT QAR @ g IS qR SREIWRT wiwaes dfs 53
SRR (Loehr, et al., 2007)!

7o Ao Pis IEST v R e oo AT 9Ta| 2pfeo 4]
P QoA Jqdgo 6T Paeel JEs ATH- 1 AfR[ed 9R F9F dfEme
R0 @ I G O e wore S R 9t 35 932 Ty TeIR SR
IE QR JIFICENE AGE TFOR AR g FIO JAJI0! G (Bowders, et al., 2003)!
RPP 3929 W3R FI*1d 00 0, W3R TS Aol 8 73 Afow@iy FI0 TF1 IR
SO BICeT 31 GSIAR (P RPP 1010 BfoHIeTol gwid 361 RPP FeTo 330 HIF5T
@O YT FE (OfF T TF, YR 2T Yoo @0 B RPP TAMEAT &Y T 3T
21 AFTF I8T I F@ RPP (ORF FNE TF IF 26T @rod e Ao
S AE TF I QA AEF TE FEHE Ao I HARTT FE 8 Foer
TP Jfa AR

RPP G Afieat 263 o0 eg i ©F <1 MAET o7, AT AfRe" 9
Gl (pulverised) F9 R QI RPP T&AMA FICG (27T F1 J1 RPP (0fRF &b ~&fo ¢
I @R ofer 3 (injection moulding process) 93X TAINO ﬂ@l@"ﬁ afert
(continuous extrusion process)! AT @ISR AfE sifero AFHF 9T =F I @IS
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3AE A - I TR AR 9R o [T @1 9 Afemii e @R Qearger
SR, TR TeAmA AT Mo warre q7E dfewit (e v rRPp St
A @31 @R fety, effero #4ifos sRRPeIr gt Bifis Bike™ JiUE 9Hge 41
F- WWQGWW%WWW (Hossain, et al., 2017)|

i

foa 2. #A5T0 A6 I3 FE (OfF Recycled Plastic Pin
A3 @re

B I I pavement distress @IEF (F@8 6T T[T I3 A©@ AG
et 3ot 23T AR At @ ffits Fiw 9% @) e [ERam
BET A3 @ 7 ¢ e I AT @A AR IR IO @ 5iRHA-> @
@It 215 IRTT T QA T @ BiRA B@ 700 AT AT 9
oA afoga 30 @ 9oF@, 9330 2Aif%F RETE high density polyethylene
(HDPE), LDPE 93} Polypropylene (PP) 43 f¥ 13207 1871
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sfaze (Recycled) #@f%s w==w @@
FEEE Gems 97 FfeAieer (Stability)
«3e Fifre (Durability) 3f&

sfaraze (Recycled) 21%s I72R @
1512913 97 @fEw (Durability) 3f&

. Subbase Course

"

foq ©. sToE [fSg ¥R FAdRT0 Ao IIT

AN TGS AT TP /PiFeER {Rort @@ armifd 390 31- 3 IRRA|
A 9 R aEsket fegie[ @ [oREs «fFar Fag- q 5o e
4F5 IANO YW FIE! 92 M} @6 87 I-FIAAT TITS QR o 57 It 715
PAIEI

foa 8. 26 Io7 WIT F@ RPP 8 2FTF @I (0T o5 B3

IR ATF I87 IIBIAR Aot e

Aot 6T IoT IRFAAR [Sg Soatt =zt I@E@I 00 @ T vt
fAfya <3t 1 Ife IR Redw 8499 ot fReo@ 2155 93 sifafdq et faffm 3@
AR I TR FEaee @i $E1 o Ags, M0 S¢ 7@ 97 JIF fOF wd
@ACorz| RAIRIRET O AT, w0¢ AN XJEE AT 6 INET AR =&
0.90 FFETIAN, T 030 AN 5 RFENIE AFGRR (Jahan, 2023)1 IS FIREHIR TSR,
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3T AR o6l G2 FHFsifoma e FIRCT 000 AN 7 93 A6 7L T (Sadik,
2023)I

030 A YFF IIIFIQAT 5T f[Afm FF &y % amiecod Jort s Tt
| TOR FHAFTIFAR, 03¢ AT TWT ¢o% AFTF 2AsefFTeto I3, 03v JEH
FET 50% GFAF IIIF@ AFFF [ F9 9IR 000 T Fy 216 87
TAMT V0% FAIAT T AT FI1 AR (The Business Standard, 2021)|

IRt AfF5F I IIFHATR TF AfON0 SR ARG AT GFIE
QR @ AFFIAR AFTF 0 IIFAAE wege 391, A5 {55 SuRE acdmat
#vid 3o7iff 9T A IPOFI GFONS, AFLRT0 6T TTF 3 SRIISIE (F@ IIIET
Jro! TBRA! TAKAE R oy TRHR-G@HEPE aemiiRges Seifko 41 Sibel
AT U RIS golt gR JAGIRET SJRAME FHAE ool I T
REFRIETS bRl AN s oy oors eyl

#1353 JAHIT QR TR ARG

2T S aAfert efgg AR Jazes o fsfaq @1 [feg AF@mar @
ez @, &f6T=3 AT Boma 43R Ged QA TF % 59 I14q O IHRG [7fo <3-
I @A TBRA IR SRR ARIOEE o FEANTER & 9 (Geyer, Jemback, and
Law 2017)1 25 T 2o Afdbers e ot el AFBE Jo a7 992 STywm
A ST O TS IBOAE FoAE FE G YIPOF PN 78 FE1 SARATTH
118277 o O oY e R TSR 1 1 o 1 e 23 ) S < S KR 1P AU o) e s < B
ﬁfﬁ_@'\ﬁ Q3R A3 [As2IIRCE FolfO BE (Thompson, et al., 2009)|

A5 o0 IO U@ 9 FORIET FAAT 7SI oI I T GR
AT AT 7 93 TR 25T /Y FIA ' AFOF SeTbed SRR T A
AT T IO T AT iR For i 99 T SFwor T AR- T PR
TAMAAITO! Y3k PO BOES JZO! [0 I

RPP R Af5S @16 2ft wwgs| Tsimia- I Sy Aol I SEIAT
YT AlTA IO @ ISAE SeR RROER o JE [{ed oqeo Wox, 93k 9f
AR TP 932 AR T THINT FI®! 9 TP @R 24165 87
*[[A9F Q3R Uo7 T I 9T TORY ST (0 AR 9 GFEF ST A
#ifF5F U AT T - T ARG 16T I AR I F@ AfFTF 90
QI BTAife @ P @ Gk qR AR 8 AR I wEE ayfeeEt
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QARSI B! (Faal G0 S I T6 @F Jeol IR i A[ 9 II70
OIRITIS, BT I 96 TAMEAR (F0q 25 IS T fisfo 1 @I [pe e
#1553 0T AT WI GFH2 AN oo M@ Siorerey 26 Gt [ifeg e
FIAFTSIR JI0 1 AT P17 JIUET T QPO 5T FFFT 1 ;T GR AR
I AT I

I bR

qiETioet ST B 93 AT @6 SieRiy ARRSEs R ToiR@ I i<
AT T A0 2T @ off e B Jty Ffofaor 71 wfogl s
TR I S8 R 92 o7 ¥ AfOE - I SRy ARIOETT Foee dol @
TH IR 7070 TS fTIRGEE TOE AR SR IS 4o A=A
@ AT @re [Tl efiay 2o 37 o [ERa 339 F41 - 31 gfero 1
QA 9SS BIRG 7id 1 9 FBIET oGl G2 ot Ao oo ke T |
PO ABIETT AFHI AT G2 THNTFT 496 I I AT A=A A0
frfir s R IRIER IR FIGH 0 o7 I F91 THfIFeR I
TOHT FAIER TG TERFY T NT 8 Fq @eifte T Row 24165 Biq o
AT @IS ey | 7B B T
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Abstract

The Sundarbans, located along the southwestern coast of Bangladesh and southeastern India, is a
remarkable ecosystem characterized by extensive mangrove forests, marshlands, and waterways,
spreading across approximately 10,000 square kilometers. This vast area is recognized as the world's
largest tidal halophytic mangrove forest, known for its ability to thrive in warm, humid climates and
its unique assortment of salt-resistant plant life. The Sundarbans mangroves are essential for the
livelihoods of coastal communities, supporting fishing industries and offering resources like timber,
fuel woods, honey, and medicinal plants. Moreover, the mangroves play a crucial role in coastal
protection, shielding against cyclones, storm surges, tidal waves, and erosion. Additionally, the
mangroves serve essential ecological functions, including carbon sequestration, and providing habitats
for various plant and animal species. Despite the pivotal functions, the mangroves face significant
threats from human activities, notably pollution, land use changes, and the impacts of climate change.
The escalating demand for resources has led to extensive deforestation resulting in habitat degradation
and a reduction in the Sundarbans' size. This review delves into the economic and ecological features
of the Sundarbans, examining its landscapes, biodiversity, and the obstacles posed by resource
exploitation, and climate change, while also considering potential strategies for mitigation.

Keywords: Sundarbans, mangrove forest, ecological and economic significance, climate change
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WA, SR TR @E-©l6! FaF0, ol
AR, TS IAe: 93 qfAfeT 8 Ao eFy

SRR

VR IRANTN "HFI-AF5T 9P Q3R B0 AFFTIER &1¥ So0,000 I F.:. gro
ﬁ@;ﬁ IS A1 (Mangrove forests)- I1 ©fF, Sefiefd, qr, XAIAT, A GIR IAIEETT
935 [fba a3 SeRR 94IE 9Y 8 =T qR 941 IAR [oa S 93R Sfeom v
S0 93T wioet IFIHETF 9 TS IARED BoiFeR8! STa=1or™ S G T
ot (G AP Q TASE ET AR FI9, IfG-IF IANER 1o, FAA! F15, 8 TY MR
Rifeq «qTa 93¢ WA oIeigore QeI st I 9 qFIHa IR oFgs
AR @ JqIed FET AfFAFIT (Sequestration), AIPOT QT ZTSl AT
ol AP e @1 Q=T [foq «F0T A=oi=e!, 93 IT AITT AR @ G|
fF8 I0FIE FqEa T RER apad, AR 739, FTeien J9R[RtE, 9R SRR
PRCT AT APO T @B @ AR IR TP AN WRPTET ORI G
T T JHFAET ALAGF 8 AT @Fq AiETBar FI 93IR IR 4T 9R oF
R IRIET E@FIAG g @AIfeT T4 B[ F471

T *forefer: A, WS Jqed, IS 8 JafoF wPy, SerRy AR,

\?\iiﬁsl

A TN 715 G2 BIeod afFa-=3 Tqu St o[iFo  ft R
TIGE AFEN @ oFgsf AT HeTTeER qe7 9311 T SAFET @G 89T,
STIIGOT STRARIE SR, Seefd, QI AR STAFC 1S Bot fPeiie spwaaa it =T
TR WAETE JAREE! P QIR To-ATAGT T 79 8 AW SeRR ~REet @
9st q WS AR 9T Toiperd! eFgd IEEIE Sobe Jf Iaw- A
qRADY A0 ARSI ARSI T SiEreild TfF@ @z (Mukhopadthyay et.al.,

2015) (Figure 1)I
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Figure 1: The majestic and magnificent Sundarbans, Bangladesh. (A) An intricate web of forests,
rivers, and channels, Credit: Tauhid Biplob, Wikimedia Commons (WC), 2018a; (B) Partially
submerged Nipa palm in hightide, Credit: Ferdous, WC, 2014; (C) The mangrove flora, Credit:

Syed Sajidul Islam, WC, 2016a.

QRIGI g A1 AR T FIHA-CIR-IHIRGE CIRT IE 8 6T FE - i
AR elfoTTE @I oS g i1 AR @ IAIeeT Feroie oo I I Afo@r
A GR T IS T 2o zdfom e 93 A ¢ ey afoast Re@
IS I (Islam etal., 2019)1 SAPIO! FARIFNCE GIF Y TPS 9 WL I
93T @PQsf ST e @ Q IARTENT Ao TR GIR T SO (Shellfish)
1T ARE IQ=- 37 NI T7 Refett Q=ror FAR Tk RFIES 9 ITEET SELET
Sk CIEREnRIRIARY G K ¢ (U ERUEIAT ER 1RO RERT

TS A1 A w0 ajfams Qb wwged Bt qGa e o, gietar
IR BFY BAMAIR GIRA (I[N ARISTAIT T SAMTT (F@8 Q AR QFoT Rpefred
ST Y AT ALAGF R I IBT0!, Aoy I foIwFOT I
[ GIAFE G-offge 5Ra-G&RHEr T sieteid aiat JR| TSEEE (UNESCO)
ST @GS (World Heritage) €32 TN 135 (Ramsar site) ReTE @?f% ANSTI TG
e A SR IEere wPegd (v @ 96! wPg S e Ao @R

553 I, TAAF FAETIA G (Wetland) JWEIEE IRACH HLAES
AR Ry IBI0R @ FHE 9T o0 0Pgs|f It RETE @R T3 1 >55q AT
IBEH IRATCH TEIT PR 9FQ TINRET T 9 G 87 @FGS Ro@
FPIo o1 OF Ay oA W 03,800 RFF YTIPNF GR-T&T oY RN fodipa
391 1 IRV ¢ TG Geiit g Rerdary Seres Je1 erqd Fd1 38 (el oy S
Gl B AP ST WIS IAGETI T S99 IR0, I & '8 Tl o
GRib@T GG AFH TTOF 24T T d5b-q A SIF0F TSYS TV G 'S S
QRRTS JIR AR F1R6 REE @I FA1 ] (Sundorbon Wetland, 2019)|

ZAGAS (@S o) A AREeR FoFRF FRIRAT IR SR IR OF
TRV IS et [Rrie <af3 ST @1 @ FERER 707 I3 AR
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7Y, JARET ST A 9 T IR ARReT [Kwot HfIIBd (Saoun and Sarkar, 2024)!
SPTIER FAILEIA B R R SiPfos TTH BT Tiio oS
ORI @AAF: ST APRY TAMAT T 71T ATFT FE GTIeT FRPIE F91 20, B
FI=A B 39 IR, NRA &E @t ST [T 97 T2 =AW A & E @ Ay
CPICA! IS TIYF FFT AR (Islam and Bhuiyan, 2018)!

IS JWIAET RO I do,000 I F.F.- At 5™ Reww Ayt Iaiees
oAl fOd ©ff (Kanan et.al., 2023) WYE 00 IRF A B RERIGE] Gﬂf% f&eT dv,q00 3f
./, (World Heritage Data sheet, 1997)I Y4[d Q@2 0 [, ANEE RIS
FHPYT TP TEIA IIOIE KT & IR

9 RFTIITS AT T 79 0= TVEIET e sRa-aREeE e &, 93
fRpdtet (o1 Qfbwy, Lo 8 IFARTIIT TIRART TABTIFT IBIOE ToF PR
1, VRS O AfFg T @ TPPREIR THIT IR @I AR |/, Ao
TAYTETH FIIT 8 Of HATPIT qR Q@ OY-GHAGSER (@F0 FALI AEHAm
340

SIRIGERACEEAD

TAIIT G0 WIS AT Sy PN I-191 QaIst1 afb <1t (), 5949 (IYAT)
QR @G TAF AT o[BG3 QA QA TeER A STqw d@ @1 9t
#RTT TREA T WiAETS I, @G 37007 :3°00" TG P QR 600"~ b0°¢e”
‘?ﬁfﬁ_@? R0 (Rahman et.al., 2015)1 ¥IId IRATY (R O @ OO AFHII
13 [RBIRO1 AT L% IAREE IRAITTS TIFT (b,200 IF 5.7.) 93 TRIFHT ob-% ©it
(9,00 3 f35.13.) S0 WRFG (Ghosh et.al., 2015) (Figure 2)|

* Calcutta Jrryng
-
INDIA
s dngise y
\ Satkhira i

Patusin

Hepg
o

Figure 2: The map of the Sundarbans, Credit: Nirvik 12, WC, 2015.
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BMERIGEEIGALIN]

SRR TG 8 qAI-A Sy, QR ©ICH F7F oM S ST (Mud-flat) 950
ST, @I SeTefd @ qRATT 9fe wibel ABSAT F AR @I -SITH T 9
I-31ot YA 30 ARSI, @ T 2fSfro G iite aga TSt tofi <71 et
S I QAR @, JVEIE Q0 A05S oY G Q3R FR-GIHFI ey Rard, [
¥ IRoAIcoT AT 5,50 AR, G- OIHAFG FLFTO :5°C @@ Vo°C 9T MY A
QTR I TEIT @ QA BRI A4S <85 (Rahman et al., 2009)! 1T, ¥,
35, Q3R T QU S4F Rl Je0 wIod- Jf A #if5g uiq B R I
IR TURIET @CRR-SI5T 93 FE-0fdF 5 TP 3@, 94 ST @7 @R
R 3T Oi6t W50 =T (Bandyopadhyay, 2019)1 IqI6AT B ould v [Row:
ERIF-©I6T &7 (Tidal waterways), W I9 (Mangrove Forest), 93 bieefy
(Hinterland) |

(SIH-SI5T SeT=id

BRERGENCINERS E L MG IO LHOIG | IS G E U IR P I T R R IUE NG|
SRR i1 ST 2[iRd 9 SideE gfoma @iR-eitE a6 goiffo 3@ 9| 930
A9 I b SjfE SR QUi FArcers Rt wstsiieies @At A
SR et 93 @IIE-SiTE SSIAER IR 9 ioe 93 Aty st o 3a@-
I QI PRSI &3-Eib@rd afFgd e Retvei@ da@meay|

IS Jq1eT

SFES NRATTIS IfXEr TR It AR A (Brackish water) 3 3@ @G PO
A QI AT Ao AR TERI G ARYE TAPEO! FTOIT Oforead [vem
G AT 2o 2foT1 ol FE, T QIS FREI 9R AU HC @ AfoTF
¥ GIR IATREF SREDAT (Flora and fauna) TR JRII0T FE|

FHIRIBT FeTolof
TS NZATT IRES THIIT QAP TR TF SHOF A, FHAG ST,
TRAe AT geTi AfSTRo @RIF-SitT YR FASTENT I@ [ S Aferaiiog IR g

GITFISTN AP 8 4o {7 wo ARIMTo 2w A1 [Rfeg «5ee dfopror TGs 9

qeTipiefer [feq genfog s, Beps, 932 JPIY IPNTTR ST G SEAET Sl
BleT
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ERERIGERTEL]
T AL SJHFIAT (PCU ORIFO Il (SRAF-SIGT ARECN (Intertidal zone) Y

U9 AR @RI @ MRS @RIF-S0F fSfTT0 b1 Trege Al &fozo 6@ 9.
@I TR A ¢ FAF FIANAT TR Qs JFy S W @ J@ A
TR 94q 1S 008 ¥FEd (e dwifod g JEiq #ihs3t ¢tz (Prain, 1903)!
V! TAR AP T TFA QAT 90 FEifoF @RI BB (Siddiqui, 2016) IR ¢
oeTifog RIKGIE| SfSmd (Rahman, et al., 2015) JHF ST IR FVHIEAT NRAAF T
W4l (Heritiera fomes), ('S (Excoecaria agallocha), “&d (Ceriops decandra), &3
(Xylocarpus mekongensis), (STl (Sonneratia apetala) 43R (T (Aegiceras corniculatum)
9Jod (Rahman, 2000)|

AR STWE NRER (Figure 3A) ATFIT I AR STI0 THIAET AT QA3 9
MR STIYRVO 7] F YR O YPTECEN (Pneumatophores) FGd @R #ifqs et
Ty RGO AP Q@ YPRETR SIRAE AReeT SUiFERT GO (Anaerobic soil) &CES
ij?RW S AT TAMIA (Respiratory gas) RAT F900 @1 9 Mg F15 432 SgoAEs
O} IREE A 929 @ 9 @I WY fA4T bzl ST +Mie=d (Figure 3B) M Jevacett
RIS A TSI RGO A1 9 “MReetico wpidy A1 7 et oy @5 wipfos
N AR &b 8 79 RFT TAFeRol Jifba spae dfoxo 3@ 9IR PEIsI0!
FASINE ARG QIR (GTHF-S5E ARY Q@ TF I

Figure 3: (A) The Sundari, Credit: Sarangib, WC, 2016b; (B) Gewa trees, Credit: Vengolis, W.C.
2013.

Q RO GH0T9 R OIS JHFIA effd WAl oitg @ T_e Affdco B
Fo M@ @FF, 94 A (Nypa fruticans), NLRTF SR QOETIE GffeTifor I <F;
AACETS (BB 21T (Phoenix paludose), TF RIS AT (@ote; 5139417 T1F (Acrostichum
aureum), 93R 1T (Kankra) (Bruguiera gymnorhiza)- 437 &OIE 9 IEIHCHAE ORF@
TR & ol eI ofit A @
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b ERGEE:RI]

TUIIT G0 YL STy I QAT M ¢o o S 1T, ¢o Fefos
ST, b AeEfod Tobe, 8oo JEIfOF AR, YR V0 Yo MY FaR- AR Aoy A
IS TSEE (Acharja, 2024)1 Q FIACENS IAREETT SIS ABWER A6 AEF 21T I9-
T Q@ Qo [ib@or g dfopaor TQl B 1 FR efem fHemae Ifda
QIR Oiid T SRGA {400 @ AT @ 51291  (Panthera tigris) (Figure 4A) Tt
Q T AT IR 2T (Apex predator) G2 QR TR SIS I 1 THIAE
Wq 9oiF SR agror Sy IR effiord w0 IQE, Hod 2T (Axis axis) (Figure
4B), guF F™F (Crocodylus porosus) (Figure 4C), MO TARPA (Orcaella brevirostris)
(Figure 4D), TG (Periophthalmus spp.), (W& RGIT (Prionailurus viverrinus) 43R
SS51F STi#f (Python molurus)| YRG! 916 ey wifes Aizd awdd 34|

205¢ ANET GF AT Q& 2059 ANET GENZ I S 9F FIFR ¢4l (oI, TWIkA
QTP VR GIAF FRA Feifo AR (Habib et al., 2020)- JT LI WY G O
IFAIIET 9B IE MAE

SVEIA Voo AEIoF 8 @R AfF R qoE J I@R RPN Ry Prerge
AT (Masked Finfoot) (Heliopais personata) 43R IS AT FIHF 5 (White-

bellied sea eagle) (Haliaeetus leucogaster)|

Figure 4: (A) The Royal Bengal Tiger, Credit: Charles J. Sharp, WC, 2020a; (B) Spotted deer,
Credit: Charles J. Sharp, WC, 2018b; (C) Estuarine crocodiles, Credit: Bernard Dupont, WC,
2020b; (D) Irrawaddy dolphins, Credit: Dan Koehl, WC, 2011.
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LRIGISER Eae)

JRACHR QR ©BRC0T JUIIA SHATAIO! Qerpia IRWIeE AKeAfos pifar sj[e
CF@ Jiaa ool ST AT FE1 TF TF FAW GANHET AR &7, FIPO, 7Y, SF
oA, GIIAT 1Y, 1Y, Q72 AT A SRR THAACAT T fTOeT (Rahman, 2000))!
205t AN, PRI 93 AfS@E I TR, IRFATe ILAfST CFg FTHFREA AR $& 7,
IS, IR F6 IR Y AR QA IUGE 0.3-0¢Y, 0.8, 0.00-35, UIR 0.055-55.3¢
RFferd Jif¥q wag ssifFar o $ofdo = (The World Bank, 2018)1 3T 6
ATRINAE ST IR @, T A6 REF A FY, @, 19, Geniar 13, et Iaay,
O R 8 AV (RF IAM@E: 85.80, 5.5, V.28, 55.4¢, Y0.0Y, 10,80, ¢Y.0%
FHT T TS o TS =7 (Kanan et al., 2024)1

Y030 A, APt AR{ET ST TIF 9 Afo@ME I AR, TWII JeTdi
2 ©.¢ AR STeiae JwEaed efipfos TSt @ G K197 @1 58 I8 o
QAP IT GFEF TGS 8 Ao e T nHiwol, Fee JIVEFT Ao
iR, Rom {7 oo, g *fE7 aedigot, I T, 7% GRSy, NiFo
fatoret I3 YR G RfB@IF T IGINE JTEIET AYTOT TP (Circular Conservation,
2020)!

R 431, IARE R IFPREF 40 FHERIET JA ofF F9F TE Iq6
FOTPR PRTE ¢ GIFASEBE 95 T4 FA fTogToror FAI0 @ 9=IYl, FA
TR AOYNT i, QIR SN 2T AT (@ 5 A APNAFSE BIAR TAANE
@A IR T fFoF KA @R 70! F9E|

TR B

IR STOE I8 ALATOT @PY R AR SAMA| WAt 99 711, 41 8
A TR 6T TR, BT 9 IR Ty I ofTqq B9 RO IS F@ 1 AT
©EH olvd SRR o9 @ qR T0E AT OF IO STl TwRIa
IR TR T=eAWE IRE o qwid F0d- I (o s IIAGET A@S I3 NG
T ROTR Fiw 3@ BfART 050 i@ [Rrisss 4o [l 2ors 050 i@
AP HEFO ARINAE FeTt @R @, 059 F R IS TG LT 00,95
ffera ¥ wers sTers oY 9 @@ (Rahman et.al., 2018)!
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P GR FI-AFCMT 397 7™m

STVRRER 1Y GIR FI-FAF0F 39 79w 31 IS0 oW I GIFAR 1S
e @R fiafaoeid <@ o@ JY, @, 9FR oy 992 J=fefid stadia skew
QTS (F@3 AfIET | T O AT @IFSH OIid Taf¥d QIS TR FE| @ Iq
T FHIIET AT PRI ST TACIS oy wfoie IR Jat F@ oF
@ My REpd 93 QAT S o1 e RERIES Ao 050 I [ed, a3
Kannan et al.-4q3 038 Il AFI0 A@INA@ w9 5{‘{911'\@ G S qR TE
iR T FIRA T foesd S T @R

F45q

SIS A IPIEDH, SRETbar, 99 AFEAT g-RghT (Landscape) 8 AIFO
7Y, E Ko *foerE Rotveid ape $9@I SN 9R FAE Faeqty a9
3R 93T o FERANY JER B3 Rot@ cidt e ~oa faisars, @ad
T A1, 1 *REF, NRwe pF, forzo AReRE, 9R I JET 4@
FIGE TBRAMY o o R ORI ITAHT JHRIAE ST QREGS qR IFTH
AT @RI FUE AT O0F RBIFeR IR 93 ANEF N @AOR- I HoEs
qPAf5F TRMIAE AFe IE Qv IRFAweT FTHRIEd o d @ A ¥
o &1 ¢o e MEFT TeArF (Nobi et al., 2021)!1

P IHCOE ARCR! T (Ecosystem Service Value)

FEIN (A A IR @, AACETS ARE SRS 7FoiF A Af{Ew Q& FEa
CIRY 3@- IF PRI wiqEfs IR 9 77 QFF dfo g 98,000 FfFA
TR @3 R Wiaee Iareec dfs 357 aiqafas 2.a fiferm 9T oeies
ARG emid @ AE (Uijttewaal, 2021)1 59A¢, 000, QI 00 A JJ8 JWIIE
(IReATT 8 TIFO) @G IFPET AFERF AT FT feeT IM@E :9,8¢0, W,vby,
QR I, >80 TR FMfFT Tl 2¢TAT AES FOT d»ac QT w0 AT T
IR ARCHAT Jevd Iiaiae @b Fo @z 0,05 RfFRA FfFT ©fl7 (Bera et al.,
2022) | 9RIGT A G4 T AR TWEIA I [0 SAFAR 2ffoqvr1 ey | o
AT I, SRR AFTOET FoFe oot P @ (o ALANOo G MY 9
T AT S TP AfSEIE T TAFNS BT M4, FR & %1 $@ 91
A PO GR AIPRIEIE dPfos zd @@ 79 3@ Ie 93 IFHeET
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ARCIICE 3135 ALATOS A S 3134, AT [ Qe Tigan Ffogrivor
G FE CFd 99 Sl Sl fqeieweR ool

eIttt Oty
Rede 309 WiAETe a1t Q32 TECH ST @FEE 6 8 TRATE 136 NG,
TR G310 Gpfos KR It AR oy JEIReeT ARCH! e e

I CiFT R TR fazad

AIPTOF I S A YR Of OICHE NG SRAT @0 STAIIA AT ARATT SIY
8 AR faEe @Fgel| 9! e F@ /| AT I IRFST RE FHEA TIROHARG 9F
@ of Bt MRNET W3R A% Fo0 TFo A TFF @1 T 9T AR e
TR AT Fa100, RedF orarl BfoNa 390, Q3R ARE 8 TRy TRIFE JRAT
IR I A GR TS ToRF A2 FHEA FAPT A I96 BT AEFHETY (6C02
+ 6H20 — C6H1206 + 602) AT I FIEA TIZTHIZT 117 IE@ YR O FIEIIWGY,
CTCETS 3R IPF (&R IEE FoBfHo I@- A Sfemm R[Sy oot 13fro = w1ft3
THAE A AR FIST T FIOT I TREA @ FET (vo-9a%) FBo AR MW
1o, I Aot, 9R Foo FfWo FEET ARFIYT 1T 8b-% (Webber, 2024)1 2005-3050
SICETH &y ARBfero Jierions 9 Rl it T Jqald PER @, TUFIE AT
BT 85,005 (BT IAWCE 0b-4,q @HTT FEA TIROUHIRT YR doe.v @6 FET 0
JQA® (BD Forest Dept., 2024)|

205¢ T GF0 ARIMT (74t ofeg @, [feg sfzstiett 3R Fo7 F_eo! (et w0
IR AR ST SR ARRMET 1 TWEI- I IET SRR Sfew; TPy izt
QAR @ F1ET (2fS @FE vwo.s + 22,45 @fGF 59) 6T F@ 1 RIHAF I716E S_ER
QP T (A4S @BR vov.os + v8.98 @G ) AP0 IQNR, OFAF IRIF 93 R
TG TR0 FEA TLEF AT FAFE FER (Rahman et al., 2015) 1 W4, I13A, ST
Q3R (1S AMRT T FEF FPF FJ0!, IAGE: 85.9 MO, 80.4% O, 80. Wby O
932 V.00 MBI AT T3 AR TR, TF 7T YR WO IFPNT 9T QR i
I IR Fyo! @A (Datta et al., 2021)!

RT3k s Tofit QT AT T R SATAR wewr St
A pfoF acdtel, ROty @ PR Q@ aet s TReoe sy wors Fed

G RS JTLE 2T JOPT, FIINNE B 9R SERICH - FE- A AES G,
G GR IR &Y SEAE A S F0 A 9 AR T ST 9o
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AP AfoTHPO! oA PA 9 T 8 FRITH A QT ToFAR AR TTH
|

FAEte Bfen @MAT e AREeT T W1 ORIl TAFT W [t ol wifte
T 4E0 @1 TIET AR A 9@ NFoeET 3o 3@ 96 99 @0STIS ofF IE-
I AfEIDE 4@ MY GR TEF GO 8 TP @I [ I AfoT¥ oF IE
(Newcomb, 2024)1 ¥R T4 Hieate “AiAldle el ol 99 HFy 4R {go
ST AR IT QIR SR (R SAPE T @1 AT A SemRio 4
O (F- IF TE T4 948 @ =ict GSEF Swot 93 Sigot JF =71 9 afoTst
TIF GAPAIT AGF F7 A0, AR eI SefT@ol @Y IO, QIR TAPAT wICeT
PR RSB 9R FIET TAO TH FIC0 JII I

AT Rfeg eiFfos arditl Reca, RO ARTEIET ARGAEE Fd
IR THPIS] Tl 2 oTF wors 2del g, elirpfos adlicn Reiee @ qare
B! AT IPfos foTsr o™

g REST v @ @ AeT =N Jeemon, g9 91 B TAFeo!
AP 45T O 1 AT MRS 9 JT QR GITAITICE GO T 2iFos
AfoTF RO e @1 910 9ffE AT TRE@IET Ol Ao 8 e T gaes
CATRIER Wl 78T @ @ 9 ffoaF TAFaRo! SaEs AEso! effozo @, fg
AT T P RE AEIRES TH FE QR TAFeRO! G wpgoyf
BN 8 TAIG TFIF (P8 AfoTF! R e FE|

JoiRioe e cigd

IRICTT T WAcced [FO Tlersifera FAR FoiF G 19 AReifer Ied I
=% &y fAco eFgs| o A @ wAEre sfieed RIS ettt I 397 Ma 3@
et IffITs IOHE TZF G- I TAFAR TG FARTEA, @I GR TG IS
R AP I I I 28 3@ T w9 TIET FIF0 QR =T Faio
AR FAE! 0 73 A JWFIA @ IR ST RI0e7 @sifent SEc, I
Q@ 009 AN HE7 (Sidr), 005 FE FIRe (Aila), 2050 A PR/ (Phailin), 2058
I 2797 (Hudhud), 205% S P (Fani), 05% I 07307 (Bulbul), 200 I /%7
(Amphan), 203> A 77 (Yaas) (Ghosh and Mistri, 2023), GIR 038 Al Ff6H
RT FF7T (Remal) | AR TG 167 JHIIET AR 0% Foa® FER QR AP
$58%.5 fAFCTIA Tl 16 (R (Saadi, 2010; Khan et al., 2021) 1 YA ITGf OO
& Reem 2fSwry ReTR 16 aF F3E IFRTeER doit ame @R Rwt =@ ARo)
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IFY JT (Conservation Value)

T RO TR0 YIEIRTS AIAre At 932 aff wwr (6318 eaidwdiis
BIG) @RI 00 IF-RERET MR RI& | TFOIFOIT @RI 00 IF-HewT o531
SREb@ Tya e Foe, Rorifd 3 sigfhe o Bieo g 4RI
SREBAE *HEFT $E! 9 HiZo qpaer R duiqod IHETIE S
R & @1 THEIET TSRV QIR 9T AN LA 36 IFEIE
fReTR 520 FE®@ (Pletcher, 2024)1

eoE I AR, I TGy 9R IBEAH! IRFEF Fos Re@ v
PO TAR G JFFO QAR TG IAR BIRAR [ers, Pridr #IF 9 I94iH
e (SIS TS BT, 1997)1 G T (X AORAII T @, Tga QIR
& JWEA [ReY 9 07 930 Fogq 31 6! 900 T AR 9 IT A@F Ai-gfwifod
I RO 3@ 9 I@ IN I@ ({47 oifoxq I9 3@ @ 51399, ~ioe R, I3
4, fROTT 197, TP Aeoe Y 3 WA eifod A1 TS, Q@ 9 (e i 92
(A1 *fT7 $REE Jcot opiRey Koy SR WRETET (UNESC 0, 2024)!

@9 T NI (Apex predator) TSI IET @ BIRoNT XY W92 IT YRGEF ot
QSIS I SR fEE T 8 g Tt AT Sy e ico wwgd o
AT A TATS, AT IFHBCoE MFed it @bsas [y e 8 3w
AGIOT T ARTZA YR AT (F4 ROTR IS I@E- I GRED@ RIF S0 0|
STEaA @1 Ry ewgeld Afierto sfaae dfofiftg 9@, @aa: g 3R, 391, 3-3
549, (SIIE- SIDt &eiq QIR Bfen SAFE 1541

SEREE THTT THY YR IRATCT B9 99 Folg

AT W 7 490 KA 1w 9R of A TEo TP N T
Aot e [Reg) g fFFFerst Q3R OfF TRFO FPIIETH & TR II-GSo
SR R, ARG 73, ARG AR 431, 99 TG, GREIBIAN, Tgusjod SHol I,
QR FRRSTR ARSI 957 FIR FTHIIET TG0 o 78 0% GR-Fia Iy
AT AT OF-AOIOF G 19 071 T QR G WH-go% WY I ST S
I Rfe | wgfe R, SR, R SRET Jco! 2= OftE BIvS!, JRY 93
HIFE T R w9 R AT w1 9 [¥ER <ort I e IS
ST F10 IR IR IY A0 A6 I [9g Q|

>5a¢ @ wov ORI S PoPT Ba@ (Landsat imagery) IIT IF@ 950
NI 9T IR @, THIET AT ¢.5 oI I98fF FF AR H529 QIR dobb AT
BIF YA THFIET & 55,0 HORA I AT 93 99 I & ¢o 2ol Foas A1 9
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FO QEF JAFRET SF ¢ IREIS @R Fq @RI TEIM RS SAIE AR A
STVRRER GREMbar ot +1iffa 231=d Toa fAgaTia 43R seRiy SRiRSET TRt 97 ks
AR o4 ORI SR ARIOET T YFRICTT SIgor 9IR O=AF0T RUoE- A JHFIEH
JAFER 277 FRIGo! IS AE (Islam, 2014)1

SIHSIA IR FIOT 9R I7 TSI, A 8 ST & G AHIF 1~ @ 4979 W<,
A7 P TPICLIAE A8 FE| JUIIEE WAETST F0, 7 Sel ARIOET i ToiR
A IR TAFAT AL AFOF 2l (A T P FAONS 24T I; 9K
1R BB 8 2T ARTBAR /ST FE OIOEE % W O o1 A9, Risia
QR TRIIFISCT ST IFPLITT ARTZT RTF 9af¥0 F@1 F3Rey, @a-F1e 93z
370 T8 QA ¥ I TEAPR 9R FBE 10 IE 9R TS GG 9R T
AT [Roig @ I8, Ity 9RO [T et T STz (oo o3,
IPAITT IORMOFT A JI0 FF, 9R TR [fteg I@ GRED@ 98 FE|

G AT TR 93 T IICEER SRy {9y o= 7ifdw, g, 24 i
S, Wi @[ ¢ Aoy, 932 GeRy o [y dfoPeror TRt FwEIEs
FFFT 5B 3RT @ AR BRI THEIER 8 [RFfioE Sww e 3o
FFe-bifero oRgR GE Aid- 1 IR Faceid IR SR QFGS AROUER &P
ITEHH [T TR & TAEDo @RI G ZAat JTHIRET TREDW qR A0
FIAKE [F9g @1 AGFS, IS Horiifag ef3ixa I T 1w *ifd7 orqec
QR ST@dT THO! e @@y 9 IER AR @4 CIR @, dSsace AT
OO FYF P! TS AT P ofort 7 RSHfAe A d5w3 T 0,900 s
R 00Y AT JG V¥8 m¥s-9 (@ YOI (Islam and Gnauck, 2008)!

Q Refer AR A =0T ™ AT IECOEE 6y GP6T oFF [om-
SILPO| 9 FIFCET AL ETAANTT TGAS To02 YR IAIRLETT PG 8747 OIF delq
ol R [Rfeg gufor Tk [ed @ IR Rkfeg guifog A 8 Igaior
(PGS G2 IBAT IBCR (Jahan, et al, 2017)1 *H1fdF FTIATEO! I PIRCT IRAGON THIIEAT
G- AT GNP (b VAT T T AR Tt G2 IgA R TI7 @1 @&
IR (Gain and Giupponi, 2014)1 4 I FRCT IRAGCR AR 419 Fa-AAF IFES
FONE RI ORIGI TVRIEH CAFAI0! G a7 Twor T IR, I=E@
0.50+0.8% LI, Q! ot TR AL FE G QIR FHINAT IR TIWDT SHO!
s T IR B Ty ARSER geid IfF W @@ Pam Rew 969,
TIwI THot > HAGR ITE @S P 8o-vo oM RA 3@ @© @ T97s,
IRICTT @0 IS AT 8 TRAFOT SFRIEA FOATONS 8 TR Jod & Ml
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SR

3008 (AF 0 AN JE FVIIAI IALCETT AT oS I VY oA A
I OTR| HRFTFOIE 9T T IF TEITG QR IAGT JIYE R0 (Saoum and Sarkar,
2024)1 RO ORAET FREIT QP, JAFCETT TAIL STFT 998 F0 G575 wwgelf
TR IRV TWERET I@ES [ TR @bas IEEeeEd qag 9 aft
SR BN R YT ARTZT- I T AP el TP R RoAF) ARDTES w7y
RETR T AP uifod [eyfes 90, ARRHI0 SRy 78 @ GR GRG0 @ALD
Qb 3T @1 BT, TwaId A RTF, Sy farg e 93R o3y effoavrr ewgf
G 1T FE 1 9 IAILE RIS SR AFIOEAT SISt AR SR Wi 477 9,
AFfoT aclic oeeFol 3 S q9R P oeeTet Wit QR SfRA 1 ¢ Y[
JEIFOId J(FATT FCo! 5T ARSI GG IGANTRT OAF0! 9IR CIgo! FAICO AW
IA|

AATOTeIE STV TR S iR Al #46q, I g9 $RE qcol
GBI @ FAES IFEHEEER B7 T QR fi83 F@1 STvE3a RS 6@ 99F 410
FOAB I@ T AN Y FAET G99 QTR $6 @1 [EA se@dly I ortorrs
A G0 ST T FAIT, 27 I 92 Twejo Two! Jad [Feea Ao bIet
fRROTE ¥R 817 faes @1 Gff 2ol SHpaRt 9, I3 9R RIS Jqe@e I
ITE- A TPRYF AP WIR, T 8 I FITTUE ITE 9R TE[R
AFISAR Rt Ao i@t I g

@R Fpfo sTogs, 2 R0 Widcare e e arer Jiqes wfFfoTer sHero
YR IR B AT A9 TG 79 A0 T4g0! R F[Eba wrer [og|
FIAT TAGRET T8 9 SEAEAT gor @R F1FT Ot oiow SR [ w9 39
TN 8olF ST @1 R - IR A, SFH QIR WRET TP I 87 feq @
ORI 39 ALPIBA R 9 ¥ IJCTH FRT PTFSIE B0 W1 ORG!, AREH 0 Fod
IR IFGHET IIBF oTT AifieF TACBIE AR [F7 T R 0 3900 ANE
QR BICHEE W98 7w 8 2ifSTo e et Mo | JeiR S 391 @E @ 6T
BN TTFT AGRET TIEFT R T 39 @A, zaNo, A 92 AGEoIoR
JORMR OPRY P4 W INE TYIAI IO IA-RE, o NGRS D,
SANGOAORET BN 998 GPIR SIS dPeEd Jcol St @ 9 Fepgieer
IR I TP T 7Y, IR T QIR A THWET Ty F@ 0! woifFd|
TP TR R wfbory Affefo 9 TaEe qied 9RO I
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