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HELVELICA PHYSICA ACTA

Volumen VI Fasciculus Secundus.

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

Inlaltsangabe. Diese Arbeit ¢ibt cine Darstellung der wesentlichsten Merk-

male extragalaktischer Nebel, sowic der Methoden, welche zur Erforschung der-

selben gedient haben. Insbesondere wird die sog. Rotverschicbung extragalak-
tischer Nebel cingehend diskutiert. Verschiedene Theorien, welche zur Erklarung
dieses wichtigen Phianomens aufgestellt worden sind, werden kurz besprochen.
Schliesslich wird angedeutet, inwiefern die Rotverschiebung fiir das Studium
der durchdringenden Strahlung ven Wichtigkeit zu werden verspricht.

§ 1. Einleitung.

Es ist schon seit langer Zeit Dekannt, dass es jm Weltrhum
gewisse Objekte gibt, welche, wenn mit kleinen Teleskopen beol-
achtet, als stark verschwommene, selbstleuchtende Flecke erschei-
nen. Diese Objekte Desitzen verschiedenartige Strukturen. Off
sind sie kugelformig, oft elliptisch, und viele unter ihimen haben

Rotverschiebung extragalaktischer Nebel.

om, wie beobachtet, emnen mittleren I)()pple‘reffekt, von .]()O()
km/sek oder mehr zu erhalten, miisste also die mlt_,tlel'e Dichte
im Comasystem mindestens 400.mal grisser sein als die auf Grund
von Be()b.u.chtungon an leuchtender Materie abgeleitete!). Falls
.ch dies bewahrheiten-soltte; Wiindg sich also das iil)orramjehpnde
Resultat ergeben,/dass dunkle I/\Igltpyi;g; in schr viel grosserer Dichte
vorhanden ist als“JeWENtEndc Materie,

2. Man kann auch annehmen, dass das Comasystem sich
nicht 1m stationdren Gleichgewicht befindet, sondern (la.s.s die
ganze verflighare potentielle Energie als kinetische Energie er-
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Dark matter: baryonic
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S th,qew ra gdlscussxons ‘on: th‘é |
composﬁlon of the universe cor{-
tmue among the world’s academniz

rofessor J. Silk, from the Depa
ments ‘of Astronomy ar.d Physics at
the University of California arrives &t
~the ANU to deliver a recitation op
* Baryonic Dark Matter, summarised in
\ an advance notice thus: “At least 90
per cent of the mass of the university is
In the form of non-luminous matter:”
Riumours that a class defamation ac-
tion i1s pending are as yet unsubstan-



THE MATTER BUDGE TR

Q,=0.03 N

o deuterium ,

Q,=0.005
% = \
Q, =0.2 . e AN

o lithium

A
A ‘
N y
4 .
i
iy '.\:\‘ ' ",
Y 3 5 10
3 " -
23 ¥ v y :
LA N c
LA > . N 5
&% \ « Z.
5 N h o
% 4 SRRy k
AN % RN A0
- EETRCRRN ', (SR TS
) A AN R
’ ol BN A —
N - 10 v
SRR | YR (
b e O iotd ) : — . .
- 3 “3 -~ p
I: - \ -
. g
3 L Wt :
.
4 R \
. .

FIRAS data

2.725 K Blackbody
300 |- “

ool COBE 1990

100 7]

Intensity

90% OF THE DARK MATTER
Wavelength [mm) IS NONBARYONIC

1 1 1
o 2 1 067 0.5



Dark matter: neutrinos
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NEUTRINO DARK MA w=p/p
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Vikhlinin + 2008
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primordial neutrinos as hot dark matter 1 |:
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Dark Matter is weakly interacting & cold
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| o sical feedback needed

O

Ursa Major |l

e -

A canes ) .07
\ Vepatici| Canes
©

Ursa Major Il

ination

2

-
=2

\\

| Canes @ O / i

\ Canes 4
\ Vet maticl

(O eaniv® ™
ol -ﬁ;‘mj ": o (Wading arm)
5 , . - Bergnices, e _-g',.- Al Al
Wriercules Bootes
R ol
AR “\'.'\

——

220° 200°

;

:

§
$

Declination

~
<

:

£

e/
§

Right ascension .' ’I | S(enSion




Dark matter: neutralinos




NEUTRALINO DARK MATTER

Favoured SUSY candidate: Weakly Interacting Massive Particle or WIMP

Relic abundance obtained if <ov>~3x10-26 cm3/s ~1/Q,

for lightest stable relic.: 100-1000 proton masses

DETECTION IN SPACE OR DEEP UNDERGROUND
OFFERS STRATEGY TO PROBE MASS RANGE
THAT COMPLEMENTS ANY FUTURE COLLIDERS

~10°% GeV/s in total annihilation power in energetic gamma rays, e+, pbar, v



Direct detection
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Indirect detection: v
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Indirect detection: vy




annihilation gamma-Rays from the inner Galaxy

EGRET All-Sky Gamma-Ray Survey Above 100 MeV

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

predict y ray “smoking guns™. hard spectrum annihilation line

Gamma Energy, Galactic Annulus Background + Signa! Fit

N tbar Initial Values : nal "'-"-J;-"-'
- =199 «- 19
__—b - bbar i N=108 s el Y L
Prefactor = 0.359 S Ze+004 +- 1. 12+003
Scale=214e+~004 Chi-Square fdof= 106791
________________ Defta Chi-squa 25

e s

Gustafsson et al. 2007

Signal+Background fit,¢,+ ¢,

/

0
secqndur?/ T component
(arbitrarily rescaled)

Ay*= 25.6
# events = 109

Edmonds et al., presentedatthe 1st GLAST symposium 2007
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The WMAP microwave haze

Finkbeiner 2007

Cumberbatch +2009




Indirect detection: e
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massive neutralino requires large boost since flux ~ p/m,?

Sommerfeld effect provides boost
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lark matter
CDM simulations with
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Prediction: SN acceler3|
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anisotropy

Grasso et al. 2009
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Dark energy




WHERE DARK ENERGY
_ ORIGINATED

_,'_}:-or dark energy p=wp and w=-

i, *
R, -%g, R=87G(T, +T,)

v v

t about the cosmological constant...but for the wrong reason!



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

Discovery of
Cosmic
Acceleration from
High-redshift
Supernovae

Nearby SN 1994D (Ia)
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LCS2k2 fitted distance modulus (mag)
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Cosmological constant Is favoured by data

BUT SYSTEMATICS DOMINATE ERRORS




Multiverse explanation

of why dark energy is so small
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Alternatively we may hope for a

fundamental physics (TOE)
explanation

of why dark energy is so small




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

In the standard view, galaxies are lined upin 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.
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CDM cusp steepens by adiabatic growth

of IMBH: px7 "= poxr 7, with v/ = ?1 2

S\ Annihilation rate is amplified within a
~ radius GM;/0% ~ 0.003(Mpg/10°Mg)pe

How to detect the nearest IMBHs:
neutrinos from dark matter annihilations
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Banados+2009

—2(14+vV1+a)<l<2(14++vV1—a)




Orbits of objects
near black hole




Schwarzschild black hole
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Kerr black hole
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We have identified a potential PLANCK scale particle accelerator

Can have particle collisions with arbitrarily high CM energies

The energy is redshifted but may retain unique signatures
of high energy collisions




DARK
75% EenERGY

NORMAL
0
4% MATTER




RESURRECTION VIA FUNDAMENTAL PHYSICS

« MODIFYING THE NATURE OF DARK MATTER?
 MODIFYING GRAVITY?

RESURRECTION VIA ASTROPHYSICS
« FEEDBACK

DETECTION IS ESSENTIAL FOR CREDIBILITY!
INDIRECT DETECTION IN MULTIPLE WINDOWS WILL

DEMONSTRATE COSMOLOGICAL SIGNIFICANCE

AS FOR DARK ENERGY, WE AWAIT A NEW THEORY



