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Abstract

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