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Astrophysics since SN1987A

30 minutes to cover 19 years ~ 1.5 minutes year !

Neutrinos from
SN 1987A
Solar
Atmospheric

CMB temperature fluctuations

Hubble deep field, Hubble ultra-deep field

Gamma-ray bursts
Chandra discovery of ubiquity of black holes
GZK suppression (or not) in UHE cosmic rays

Dark energy
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Historical supernovae

Monastic Chronicles re: Supernova 1006:

“In 1006 there was a very great famine and a comet
appeared for a long time.”

“At the same time a comet, which always announces
human shame, appeared in the southern regions,
which was followed by a great pestilence.”

“Three years after the king was raised to the throne, a
comet with a horrible appearance was seen in the
southern part of the sky, emitting flames this way and
that.”

George Busch (German painter) in 1572:

“It is a sign that we will be visited by all sorts of
calamities such as inclement weather, pestilence,
and Frenchmen.”



Dty No Hydrogen /Hydrogen

Spectra:
Scientific /

SN1 SN 11

stypernovae S1/ No 51 ~3 mos. spectra

/ \ He dominant/H dominant

SN Ia| He poor/He rich

m

1985A
1989B
Supernova SNIc| |SNIb SNIIH “Normal” SNII
19831 1983N 19931 -
Taxonomy 1983V / 1984L log7x  Light Curve decay
after maximum:
Linear / Plateau
Core collapse.
Believed to originate Most (NOT all)
from deflagration or H is removed during
detonation of an evolution by
accreting white dwarf. tidal stripping. SN 1ILI SN 1IP
(Core Collapse. E 190K [987A
Outer Layers stripped 1979C 988 A
by winds (Wolf-Rayet Stars) 19691

or binary interactions

Ib: H mantle removed
_ Core Collapse of
Theory ‘EC: H & He removed J a massive progenitor
with plenty of H .




‘The intersection of astronomy & physics
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Type-ll su

Astronomy — Physics

| ——
o

)ernovae

Neutral currents:
First detection 1006
Confirmed in 1054
1572

Physics —» Astronomy

Neutron star binding energy released in neutrinos
(Colgate and White 1964)

Astronomy — Physics

Neutrinos detected from 1987A

Limits on neutrino masses, lifetimes, interactions, ...
Physics —» Astronomy

Neutrino oscillation important for explosion dynamics
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4x10°

1.6x10°

Luminosity / Solar Luminosity

6.4%10°

Type la supernova

Supernova Cosmology Project

Type la Supernovae

(calibrated)

60



University of Chicago 1909 National Champions
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High-z la SNe are fainter than in the Einstein-deSitter model
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cosmological constant, some changing non-zero vacuum
energy, or some unknown systematic effect(s)

The case for A:
1) Hubble diagram 4, (z)
2) subtraction
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High-z SNe are fainter than expected in the Einstein-deSitter model
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cosmological constant, some changing non-zero vacuum
energy, or some unknown systematic effect(s)

The case for A:
1) Hubble diagram d,(z) 3) age of the universe
2) subtraction 4) structure formation




* Inflation-produced perturbations
- Baryo/leptogenesis






Relative abundance

Cold thermal relics

i actual

10 freeze out — ""--—L—__;Q

~15 h

10T — equilibrium ™
I e MIT -
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(independent of mass)



Cold thermal relics
Q, = oy

g

g+qg > X+X



Cold thermal relics n@wfa ﬂm

* Direct detection (oy)

More than a dozen experiments

* Indirect detection (o)
Annihilation in sun, Earth, galaxy. ..
neutrinos, positrons,
antiprotons, yrays, . ..

* Accelerator production (op)
Tevatron, LHC, ILC




The nature of dark matter is a complex
natural phenomenon.

The neutralino is a simple, elegant,
compelling explanation.

“For every complex natural phenomenon
there is a simple, elegant, compelling,
wrong explanation.”

- Tommy Gold



Dark Ma tter?
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* neutrinos

. sterile neutrinos grawtmos
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The gravity of dark enerqy

Merriam-Webster OnLine

Merdam-\Webster FOR KIDS Encyclopadia BRITANNICA
Merrlam-Webster ONLINE Merrlam-Webster COLLEGIATE® Memlam-Webster UNABRIDGED

Main Entry: grav-i-ty

Function: noun

Etymology: Middle French or Latin; Middle French gravité, from Latin
gravitat-, gravitas, from gravis

1 a : dignity or sobriety of bearing b : IMPORTANCE,

SIGNIFICANCE;especially : SERIOUSNESS ¢ : a serious situation
or problem

2 : WEIGHT

3 a (1) : the gravitational attraction of the mass of the earth, the moon,
or a planet for bodies at or near its surface (2) : a fundamental physical
force that is responsible for interactions which occur because of




Take sides!

« Can'’t hide from the data — ACDM too good to ignore
— SNIa

— Subtraction: 1.0 -0.3=0.7 | gr) not given by
— Age

— Large-scale structure

T e e J

Einstein—de Sitter

3H? = 87 G pyarter = Goo = 87 G T(matter)

» Dark energy (modify right-hand side of Einstein equations)
— “Just” A, a cosmological constant
— If not constant, what drives dynamics (scalar field)

 Gravity (modify left-hand side of Einstein equations)
— Beyond Einstein (non-GR: branes, elc.)
— (Just) Einstein (GR: back reaction of inhomogeneities)




Cosmo-illogical constant?

lllogical magnitude (what’s it related to?):

py =10 gem® =(107 ev) = (107 cm)
A=87Gp, = (10" cm)” =(10eV)

lllogical timing (why now?):
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Practical tools for dark ener

—

scalar fields

anthropic principle
(the landscape)




Entertaining conjecture

Now entertain conjecture of a time
When creeping murmur and the poring dark
Fills the wide vessel of the universe.

— Shakespeare, King Henry Vth

All evidence for creeping murmur (dark energy) is indirect!

* Observed evolution of H(z) does not fit Einstein—de Sitter.

* We infer the existence of dark energy on right-hand side!

* Could left-hand side of Friedmann equation be modified,
and no dark energy?




Modifying the left-hand side

» Braneworld modifies Friedmann equation Binetruy, Deffayet, Langlois

* Phenomenological approach
H* = Ap[l+(p/ Peott )'H}

 Gravitational force law modified at large distance Deffayet, Dvali
& Gabadadze

Freese & Lewis

Five-dimensional at cosmic distances

 Tired gravitons Gregory, Rubakov & Sibiryakov;
Gravitons metastable - leak into bulk Dvali, Gabadadze & Porrati

° Gravity repulsive at distance R = Gpc Csaki, Erlich, Hollowood & Terning

* n=1 KK graviton mode very light, m ~ (Gpc)-!  Kogan, Mouslopoulos,
Papazoglou, Ross & Santiago

* Einstein & Hilbert gOt it wrong Carroll, Duvvuri, Turner, Trodden

S = (167Z'G)_1 J‘d4x\/—g (R —,u4/R)
. i o Rasanen; Kolb, Matarrese, Notari & Riotto;
* Backreaction of inhomogeneities Notari; Kolb, Matarrese & Riotto



How Do We Sort It OQut?
Precision measurements of py (9

[ Hl(z) J

4,0 | 4 | | Véz)

1 1 1 1 1 1
p
SNIA clusters baryon stro.ng CMB Wei.lk clust.er
0sC. lensing lensing _ counting

Growth of
structure
cluster weak
[ EhlE J [counting} [ lensing } [ Plk2) }

[Test glravity}

[solar system} [mﬂhmeter} [accelerators} [ P(k,7) J
scale
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