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LB D& (1933)

. Fritz Zwicky (1898-1974)

@ BIEMNFTD/NA =7, Walter Baade & & H IC, B EHI T MU
FEICBITIHPEETHY., FHRORERTHD Z L ZIREL 7=,

® 1933F, HADIFTEIEAFOERIZH T, VirialEEZHAW TR
AHOeEE=T ML, "RABVWEE OFE~2HES L 7-,

“Die Rotverschiebung von extragalaktischen Nebeln”, Helvetica Physica
Acta 6. 110-127

INHAERVOEBEYVEGFEDFREEL > T3S,

Coma Galaxy Cluster

Wikipedia & Y
Virial 738
<K>=—%<V>

— H&D T EESRAIF (Coma Galaxy Cluster) PR #E;A]
DHEDHFEAUDIOCHTEINIREICERNTET T
5T EIZRAMTE,

“dunkle materie” (dark matter) DFEHNNLETH 5

& i ao

Credit: NASA, ESA, and the Hubble Heritage Team (STScl/AURA)
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Vera Cooper Rubin (1928-2016)
® 1970F, M31 7 FEAXRIBADEEREZ A X —VEDKir%e
FBULWTKkeD, eI HIREZIZHDNICEAIEEDHFEEZ LT,
Rubin, Vera C and Ford, W. Kent Jr., “Rotation of the Andromeda
Nebula from a Spectroscopic Survey of Emission Regions”,

Astrophysical Journal 159 (1970) 379

e B — 7 <O X 2 (M31) o B AL A
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BHL Y XHE
® BLENIFICL HORRED T - D,
e HEFFDERIZ —ﬁﬁﬁ SORALICH 2 > 7=,
® /Ny JIEIRE REARAIERIA S, BEYMBEODEN TEBHADPHNATWNEZ EN
B2 TE7,

R E] Abell2218
PBWNEHL XERICLY Y
BOIRANEF L TRZ %,

Credit: NASA, ESA, Richard Ellis (Caltech) and Jean-Paul
Kneib (Observation Midi-Pyrenees, France)
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£ I ICEWTWBIREED o #HLERAIE (Bullet Cluster) & FEIEN TN 5,

@ XIETEHAMINZBEOME(ETR: 75 XAVHRICLAXIGRENT) E. BEAOL VAR, ST
SNIBEDHEOESH)NIKETCER->TWD,
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— Collision less IEEMEDTFEZHELTELTWS,
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- : - = hzam /oS s s s s s

“A Direct Empirical Proof of the Existence of Dark Matter”, Astrophysical Journal 648 (2006) [ 109-L113 5
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Cosmic Microwave Background (CMB)
® FHOBIhHAY: £y 7N\ ENBHET, FHIFEINFMEICGY, XHVEETEZE LA 57,
® CMB: ENHN Y FDOHDERNAFHE §ET%I§TEE XN, KBKDIFIT—BAEEREH A >7-H D,
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ICEEZRAWZERAN TN TETH U NASAIZ OE%COBE?’JTEEM%ILGDWI\/IAPTEE\ S oD
ESAEE - NASAH I IC & BPlanckEEIC L Y CMBOER~ Yy 7HFE LN TWLWS
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® B[ENEEEE: ~0.2K
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“Planck 2013 results. XVI. Cosmological parameters”, Astronomy & Astrophysics 571(2014) A16 7
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WIMPs

® Weakly Interactive Massive Particles (WIMPs): &35 X7 —JL
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BRI F (Supersymmetric particles)
® EBIIFRIE(SUSY): Ry > & 7 b I 4 v ED IR,
® SUSYZE AT BT & T, BEREDKRA LHEBOBRIZDOLEN S,

o [EEERIE: v /X
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@ F—IIEATERDEE—: Kix—E#(Grand Unified Theory: GUT)
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EVWIRILFEF—XT—IILTOHE—NEIRIND,
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L S.P. Martin, arXiv-hep-ph/9709356
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extension of the Standard Model;
MSSM)
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WIMPs DR 7k
h”L%ﬁi“‘ Collider Fﬁﬁig*ﬁtﬂ Indirect search
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Direct search
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Large Hadron Collider (LHC)
® FUNR F iz 7T (CERN) |
® SUSYZERIL

Cross-section [pb]
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® Super-Kamiokande Tld. RAIA/G. KFE. #iEkA 5 < %)H‘L,mfF%’f’f
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Galactlc WIMPs search
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“Indirect search for dark matter from the

Galactic Center and halo with the Super-

Kamiokande detector”, Phys. Rev. D 102,

072002 (2020)

Solar WIMPs search
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@ HEENICE/I-EEYELBEOMBEENRILTE2DHEE HZ 5,
@ SHUDEREDIHEL ST, %@&@W%% EDME AR T 5 FCEERE B,
B BEFEEICL D RIOHEmEDEZEN, RV EDESDOFRE, )

(CAL REVIEW D VOLUME 31, NUMBER 12

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

WIMP

strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10'* GeV.

BRHBA
RF#%

@ EHIEBI(TEINDIITRILF—DHETEENRT S,
® NIUHEENCMEEERDEIAKE 5,

We consider the possibility that the neutral-current neutrino detector recently proposed by

Bktae(EEns- Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
[EFEHES tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
BEERE T teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
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