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HELVELICA PHYSICA ACTA

Volumen VI Fasciculus Secundus.

Die Rotverschiebung von extragalaktischen Nebeln
von F. Zwicky.
(16. 11. 33.)

Inhaltsangabe. Diese Arbeit gibt cine Darstellung der wesentlichsten )
male extragalaktischer Nebel, sowic der Methoden, welche zur Erforschung
selben gedient haben. Insbesondere wird die sog. Rotverschicbunyg extrag
tischer Nebel cingehend diskutiert. Verschiedene Theorien, welche zur Erkla
dieses wichtigen Phianomens aufgestellt worden sind, werden kurz besproc
Schliesslich wird angedeutet, inwiefern die Rotverschiebung fiir das Stuc
der durchdringenden Strahlung ven Wichtigkeit zu werden versprichi.

§ 1. Einleitung.

Es ist schon seit langer Zoitﬁf)ékdnqht, dass es im Welt%
gewisse Objekte gibt, welche, wenn mit kleinen Teleskopen he
achtet, als stark verschwommene, selbstleuchtende Flecke erse!
nen. Diese Objekte bhesitzen verschiedenartige Strukturen.
sind sie kugelformig, oft elliptisch, und viele unter ilinen ha

Rotverschicbung extragalaktischer Nebel.

om, wie beobachtet, einen mittleren l)()pple.reffeki
km/sek oder mehr zu erhalten, miisste also .(lle mit
im Comasystem mindestens 400.mal grosser sein als di
von Beobla.cl)tung(m an leuchtender Materie abgeleit
.ch dies bewahrheiten—solite, Wik sich also das iil
Resultat ergeben,dass dunkle Materiehin schr viel gros
vorhanden ist als“TeWENtEIAC Materie,

2. Man kann auch annelimen, dass das ComaS¥stem sich
nicht 1m stationdren Gleichgewicht befindet, sondern dass die

canze verfiigbare potentielle Energie als kinetische Energie er-
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Dark matter:

its not baryons
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C.Ce dlscussmns on'«thg*
con'ipbsdlon of the universe corj;
| tinue among the world’s academ
rofessor J. Silk, from the Dep%
" ments of Astronomy ard Physics at

the University of California arrives a't
“the ANU to deliver a recitation oh
~ Baryonic Dark Matter, summarised in
*‘_ an advance notice thus: “At least 90
. percent of the mass of the university is
«In the form of non-luminous matter:”
fumours that a class defamation ac-
tion is pending are as yet unsubstan-
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Dark matter:

Its not neutrinos




NEUTRINO DARK MATTER " Thomas.+ 2009

primordial neutrinos as hot dark matter

Qvh’=Xm,/92eV
Hubble parameter h= 0.65 (65 km/s/Mpc)
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| see here that the universe is thought to be full of dense cold clumps
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Dark matter:

it may be WIMPs




Favoured SUSY candidate: Weakly Interacting Massive Particle or WIMP

Relic abundance obtained if <ov>~3x1026 cm3/s ~1/Q, for 0.1-10 TeV

1. WIMP Annihilation X
Typical final states include heavy X
fermions, gauge or Higgs bosons ~
2.Fragmentation/Decay W- -
Annihilation products decay and/or =
fragment into combinations of W+ 9 =
electrons, protons, deuterium, /\ |
neutrinos and gamma-rays q

3.Synchrotron and Inverse Compton

Relativistic electrons up-scatter
starlight/CMB to MeV-GeV energies,
and emit synchrotron photons via
interactions with magnetic fields
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ASTROPHYSICAL PROBES OF DARK MATTER
COMPLEMENT FUTURE COLLIDER EXPERIMENTS




Direct detection




WIMP Nucleus
From galactic halo in laboratory

EPLIN II, III XENON Elastic WIMP
! 1 ( ) A
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Indirect detection: neutrinos




high energy neutrinos from WIMPs annihilating in the sun
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Indirect detection: y rays




Fermi 1 year sky

annihilation

EGRET All-Sky Gamma-Ray Survey Above 100 MeV

FERMI (2009): 0.02 - 300 GeV, 5° - 5/, AE/E ~ 0.1

predlct Y ray smoklng guns hard spectrum annihilation line

Gamma Energy, Galactic Annulus Background + Signa' Fit
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Indirect detection:

high energy e*
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ASTROPHYSICS SOLUTIONS




Bergstrom, Edsjo & Zaharijas 2009
Mo = 3.65 TeV, Model N3, E=2500 e+ + e

HESS (%0.85)
HESS LE (%0.85)

massive neutralino requires large boost since flux ~ p/m 2
QM counterpart to gravity

PARTICLE PHYSICS SOLUTION Z=so[ 1+(V“E,/V)Z]d
ue to DM bound states
with annihilating dark matter

Arkani-Hamed et al 2008

. Lattanzi and JS 2008
Sommerfeld effect provides boost March-Russell and West 2809
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Prediction: dwarfs should be detectable
for annihilating dark matter

CDM simulations with
1000 M.,,.. resolution

sun

weighted by density? /v?2
Kuhlen+ 2009
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The WMAP microwave haze

Finkbeiner 2007
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41 GHz synchrotron
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FERMI/HESS prediction: final state gamma rays
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Dark energy




WHERE DARK ENERGY ORIGINATED

cosmological constant
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Discovery of Cosmic Acceleration

Type la supernovae that
exploded when the Universe
was 2/3 its present size are
~25% fainter than expected

Nearby SN 1994D (la)
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Vacuum density
Supernova Cosmology Project
Kowalski, et al., Ap.J. (2008)
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One of the greatest problems in physics!




Multiverse explanation
of why dark energy is so small




eternal inflation

Inflationary Universe

Eternal inflation produces
an infinite number of
inaccessible universes







Alternatives:

we may hope for a fundamental
physics theory

of why dark energy is so small

or seek an astrophysical theory




Clifton & Ferreira 2008

HOMOGENEOUS UNIVERSE: OUR LOCATION IS TYPICAL INHOMOGENEOUS UNIVERSE: OUR LOCATION IS SPECIAL

In the standard view, galaxies are lined up in a spidery pattern, but overall Alternatively, the density of matter could vary on large scales, and Earth
space looks much the same everywhere, and Earth’s position is nothing special. may lie at or near the center of a relatively less dense region, or void.




CAN REPLACE ACCELERATION BY A GIANT LOCAL VOID

in Lemaitre-Tolman-Bondi model

SDSS-112009
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Which hypothesis is more “fine-tuned”?



THE ULTIMATE PARTICLE ACCELERATOR:
dark matter cusp around a Kerr black hole

e o

CDM cusp steepens by adiabatic growth
of IMBH: poxr "= pxr 7, with 4/ _9 2y

Annihilation rate is amplified within a
radius GMy/0? ~ 0.003(Mpy/10°M)pe

Orbits of abijects |dentify left-over IMBH by y or v flux

near black hole




Schwarzschild black hole ... we 152005
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DARK MATTERS ARE CHALLENGED BY COSMOLOGY

RESURRECTION VIA FUNDAMENTAL PHYSICS

MODIFYING THE NATURE OF DARK MATTER?
MODIFYING GRAVITY?
INTRODUCING THE MULTIVERSE?

RESURRECTION VIA ASTROPHYSICS

FEEDBACK
GIANT VOID

DARK MATTER DETECTION IS ESSENTIAL FOR CREDIBILITY

ONLY INDIRECT DETECTION IN MULTIPLE WINDOWS WILL
DEMONSTRATE ITS COSMOLOGICAL SIGNIFICANCE

AS FOR DARK ENERGY, WE AWAIT A NEW THEORY
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