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The Good, The Bad and the
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Dark Matter

Dark Energy

The End of the Enlightenment
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A false-color computer reconstruction of the dark
matter mass per area in the cluster CLO024+1654,
seen in projection. This mass, over 300 million trillion
times the mass of the Earth, is responsible for the
cosmic mirage. Individual galaxies

in the cluster appear as mass pinnacles.
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A false-color computer reconstruction of the dark
matter mass per area in the cluster CLO024+1654,
seen in projection. This mass, over 300 million trillion
times the mass of the Earth, is responsible for the
cosmic mirage. Individual galaxies

in the cluster appear as mass pinnacles.

Pt

T 0=0.3040.1 (95%)




Here Yesterday:
(Gravitational Lensing:
Prospects

15 arcmin square

Zsource= 15
eres= 30”
“super’-SKA
21cm survey
reconstruction
noise included
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Here Today?: Numerical

Simulations

ACDM galaxy halos (without galaxies!)

® Halos extend to ~10 times the 'visible' radius of galaxies
and contain ~10 times the mass in the visible regions

® Equidensity surfaces approximate triaxial ellipsoids
-- more prolate than oblate
-- axial ratios greater than two are common

® "Cuspy" density profiles with outwardly increasing slopes
-~dlno/dlnr=y with y < -2.5 at large r
y = -1.2 at small r

® Substantial numbers of self-bound substructures
containing ~10% of the mass and with d N/d M ~ M™"*

- N Ost substructure mass is in the most massive subhaloes
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Here Today: Numerical

Simulations

The observed properties of Galactic satellites are not 1n
conflict with the substructure predicted in CDM models:
astrophysics!
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Born to be dark

Achieve Dark Matterdom

10 100
x=m/T (time -)
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Here Today:
The Usual Suspects and More!

DARK MATTER CANDIDATES ARE
EITHER:

~ Born to be dark

. Achieve Dark Matterdom

- Have Dark Matterdom thrust upon them.

G | [

M, )\ Agep )

I curvature m,*
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SUSY: simply complex

1 The Virtues of Low-Energy SUSY:

. hierarchy problem
(GGrand Unification

M
- WIMPs: Qx = TS{BQ?P(—MX/TFO)

i O(GGV), TFO ot O(M/20)7 OA = Oweak
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(one Tomorrow?:

1 LOTs of parameters... natural?  p

- non-observation of superpartners and light higgs

1
1 WMAP value of Omega less than unity o4 & e

~ small flavor violating rates

L .parameter Spacce squeezed




(Going Non-minimal

1 To avoid annihilation problems and allow for
light neutralinos and Y problem

. variants: next-to-minimal SUSY, miminal
nonminimal SUSY....

- NMSSM: add a single Higgs singlet superfield...

resolves U problem, allows light CP odd Higgs,
allows light neutralinos...
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~ antimatter, gamma rays,neutrinos... IN
GENERAL NO ENHAN CEMEN T EXCEPT

annihilation in earth into neutrinos, cosmic
antimatter expts, annihilation into 2 gammas

‘I But even here in general well below detection
limits.

Barth(E > 1 GeV, 8=30°) [kmZyr-1]
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~ antimatter, gamma rays,neutrinos... IN
GENERAL NO ENHAN CEMEN T EXCEPT

annihilation in earth into neutrinos, cosmic
antimatter expts, annihilation into 2 gammas

‘I But even here in general well below detection

limits.
ANTIDEUTERONS (ULDB Balloon Flight)

T T T I T T T T I T T T T I T T T T T |+ T | I T T T T I T lﬂ‘-- L T I T T T T
«  Singlino Burkert HM Ad.Contr. NO3 HM

+ Bino

4

[
o

[o—y
(=]
w

[S—y
o
ra

[

Visibility Ratio
, o, 9
Visibility Ratio

[
o
2

[

F 1 M + F -
7 + o
.r o ""”53 Bow 0 ©
I 4 o "‘JQ +
et > »
LI +H2 0 5 exh & 0
[T o] 8500

5
.|l 4.

magEeg . . ok
1f

i
ol

[}
II"U
Iliilll

I
()
-
B
'_‘U|
DS
4]
!
e




Are Non-minimal sigs
enhanced>LMK F. Ferrer, S. Profumo Phys. Rev D15, 74,115007

~ antimatter, gamma rays,neutrinos... IN
GENERAL NO ENHAN CEMEN T EXCEPT

annihilation in earth into neutrinos, cosmic
antimatter expts, annihilation into 2 gammas

‘I But even here in general well below detection

limits.
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Current status: No Wil
Sensitivity race
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Gone tomorrow?:

Detection Prospects

Current status: No W
Sensitivity race

S Il SUF 2000

1 10.7 kg-day CaWwO4
final limit, 62 kg-days
J02+2003 limit

[ 96.5 kog-days
55 keV 11 EEL sl

{Jan 2007) result

=]
WIMP-nucleon cross—section Jem™|

WENON 10 { L% kg ) 2 ﬂ]' 2004 + 2005 Ge
lhﬂtﬂ'-l..; Emiz & Trotis C2007) Ch{SSh L thrEShDI d]‘

Eilis et al |:m5rn!5.ﬁt
" L

1[! i
W]MP Mass [GeWc ] 2007 (Net 136 kg-d)
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Next for CDMS: SuperCDMS 25 kg

* Proposed 25-kg experiment based on
updated 42 x 600-g Ge ZIPs

120x beyond current limits

15x beyond CDMS-I goal N

Approved for space at SNOLAB
Next step towards ton-scale goal

o Detector fab/demonstration underwa

[E—

S
N
)

http://dmtools. brown ca

to nucleon)

(normalise

ﬁ

-section [cm
N
(@)

p—
-

Cross

RiseTime

©all
* neutrons H
*  betas

17-thick 0.6-kg: |
3x fiducial
Mass per s.a.

min{risetime) [u

M. Pyle

Session E14 .' — MINING FOR KNOWLEDGE
CREUSER POUR TROUVER... L’EXCELLENCE

it ¢

Dan Akerib APS Jacksonville 2007 Case Western Reserve University




Other Detection
Prospects

GLAST Key Features

* Huge field of view
— LAT: 20% of the sky at any instant; in sky survey mode, expose
all parts of sky for ~30 minutes every 3 hours. GBM: whole
unocculted sky at any time.
- Huge energy range, including largely unexplored band
10 GeV - 100 GeV
- Will transform the HE gamma-ray catalog: | ;.4 Areq
— by > order of magnitude in # point sources Telescope (LAT)
— spatially extended sources
— sub-arcmin localizations (source-dependent)

Two GLAST instruments: o 2

LAT: 20 MeV - >300 GeV LD [Copocecraft parner
GBM: 10 keV - 25 MeV > el e
Launch: 2007

5-year mission (10-year goal)

Mission Overview - S. Ritz




Gone Today?

Dark Matter Annihilation

For certain kinds of Dark Matter particles

---Self-annihilation is possible
---Annihilation products will typically include y-rays

The luminosity density of annihilation emission is

Z(x) c n_(x)" (0 V)

Thus the y-ray luminosity of an object is

L <« (ov) [ p*dV o« {(ov) [ p*rdr

— critical density exponent for convergenceis p oc r ™"’




e N =223x10°
200

® Inner slope > -1

® Annihilation
mainly from
region where
v~-1.5
R ~ 5 kpc

® Baryonic etfects
will increase the
DM density and

thus the emission

¢ spopmll 0w ntesswvl  » u mommd 3 ® Central BH may

0.001 0010 0. 100 1. 000 cause substantial
B R additional effect




Stoehr et al 2003

S(@) o« [ p*dl




Could GLAST or VERITAS see the Signal?

|

E

| ® For VERITAS (a Cerenkov

detector with 1.75° FOV)

the detectability of the G.C.
depends on poorly resolved
regions of the simulation and
1s marginal

= ® For GLAST (a satellite with

3 sterad. FOV) detection
should be possible 20” to 30°
from the G.C. 1n a very long
integration and for most

1000 MSSM parameters. This does

not depend on poorly resolved
regions of the simulation
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IceCube Deployment

0m,

Air shower detector
Threshold ~ 300 TeV

lceTop — T —

Inlce

\

planned 80 strings of 60
optical modules each

17 m between modules

125 m string separation .,

Completion by 2011

-
oy
%

2006-2007:
13 strings deployed

22 strings
1320 digital modules
52 surface detectors

* 2005-2006: 8 strings |

2004-2005 : 1 string

First data in 2005
first upgoing muon:
July 18, 2005

AMANDA
19 strings
677 modules

Eiffeltornet




IceCube: events per km? year

not ruled out by CDMS (left) CDMS X 100 (right)







Noise is always here today..

and tomorrow




IS NOISE A SIGNAL?

* Uncertainties:
e halo
 particle physics
* (Can one do better?



CJC and L. Krauss, Phys. Rev. D, 63 043507 (2001).

CJC and L. Krauss, Phys. Rev. D, JAN 2007 ISSUE
We consider a range of detector taking into account some of the
technical challenges being faced.

» 3D: Full three dimensional.

» 3D w/o FB: Three dimensional detector without the abllity to
determine the track direction (no Forward/Backward
discrimination).

» 2D: A two dimensional detector fixed to the surface of the
Earth. Recoill tracks are projected onto the plane of the
detector.
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Directionality!

]

CoSy
FIG. 2. The angular distribution of nuclear recail events, dR/d{} for an iscthermal halo model. Here wg = 220 km /s and
;lh = 0 keV.
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THE BEST YOU CAN
DOz

Directionality!

TABLE I: The number of events required to identify a WIMP
signal above a flat background for different types of detectors
and a WIMP mass of m, = 100 GeV.

Detector vo (km/s)
Type 170 Ay 270
3D (full) 6 11 18
3D without FB 176 1795 > 35, 000
2D best /worst 19/45 34/75 61/123

2D rotating 13 24 43

TABLE II: The number of events required to identify a WIMP
signal above a flat background for different types of detectors
and a WIMP mass of m, = 1000 GeV.

Detector vo (km/s)
Type 170 220 270
3D (full) 14 27 51
3D without FB 152 217 371
2D fixed—Dbest /worst 51/129 97/217 175/368
2D rotating 31 61 125
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Axion Naturality?

~ f=10 GeV possible if O <<1

-1 This is not unnatural if one averages over
universes with life in them. ... dark matter
density peaked near observable value...

Tegmark, Aguirre, Rees, Wilczek,
20006




DARK ENERGY:

Bad AND Ugly
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) The ONLY truly interesting question: Is Dark Energy

distinguishable from a cosmological constant? 1.e. Is w
%-17

& The most reasonable theoretical prediction is w=-1, via

a cosmological constant.

& The most sensible alternatives predict w = -1

& Observations suggest w =-1

) Measuring w =-1 therefore tells us nothing.

& Incorporating realistic uncertainties does not leave

much room for optimism. (i.e. supernovae)
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¢ existing limits -1.2 < w < -0.8* already rule out many
alternative models. How much better can we do..
with existing theoretical uncertainties and expected
observational accuracy?




¢ existing limits -1.2 < w < -0.8* already rule out many
alternative models. How much better can we do..
with existing theoretical uncertainties and expected
observational accuracy?

@ The PROBLEM: We DONT HAVE ANY IDEA of

w(z). Hence limits on w=constant are not
appropriate.
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' covariance matrix for given measurement

| Invert it.. F=C1=WTAwWw

- W decorrelation matrix, eigenvectors e

N
v = Z w(za) €i(za).
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‘Model Independent’ w:

Principle components

~ piecewise w(z) over i intervals
' covariance matrix for given measurement

| Invert it.. F=C1=WTAwWw

- W decorrelation matrix, eigenvectors e

N
v = Z w(za) €i(za).
) a=1 - B

| eigenvalues give uncertainty

oglay) < olag) < ..

e




Consider a general description of w (say, w; in 50 redshift bins at =z € [0,1.7])

#» Compute the covariance matrix
for w; (assuming some SN survey)

#» [Diagonalize the covariance matrix.
Get best, worst measured linear

combinations of w;'s.
50

Tl
'“"".-.':'
i

Huterer & Starkman 2003
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Dark Energy Conclusions?

& No conclusions
@ w=-1 today... and tomorrow
& observations no help?

@ need theory? ... bad news.




“The Future ain’t what it used to be!”

Yogi Berra
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(zone tomorrow?: An
Uncertain Future?

GEOMETRY # DESTINY

LMK MST 1998
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(sone Tomorrow!

““To see what 1s 1n front of one’s nose requires a
constant struggle”

G. Orwell

A

P Pr=g

a— da, exp(\/A/3t)
= d=~[A/3d

Objects at distances greater than some distance D are receding faster
than the speed of light.

if P, ~6x10""g/cm’ = R, ~1.7%x10*°m =18 Glyr

effects soon ““visible!
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Redshift effect:

& In 150 Gyr, redshift > 5000 for all objects outside our
supercluster!

& In 2000 Gyr, redshift of all objects outside our local

supercluster will exceed 1053! Even highest energy gamma rays
will be invisible.

& the future of objects at a redshift > a few today will never be
observed!

& if Pyac/Ptot > 0.7 today, the “in principle” observable region of
the -Universe has been shrinking since t < 1/2 present time

FUND COSMOLOGY NOW!
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Anthropic Mania

- there are many different universes, and the energy

of empty space can vary in each one, then only those

in which 1t 1s not much greater than what we measure
will galaxies form... and only then will stars and

planets form, and only then astronomers....
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Why Stop There?

The Constants of Nature and the
Puzzles of Modern Physics

Gravity: The weakest force in nature...
Proton 2000 times heavier than the electron

Three generations of elementary particles...
who ordered them...

A theory of anything?



The Landscape of
Nothingness

IS THIS SCIENCE?
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The Fundamental Anthropic
Problems?

¥ 3 . .
&) An idea based on ignorance

& One never knows what variables are anthropically

selected (or not).

& One never knows what the set of possibilities is.

@ It is never compelling, only suggestive.

QIt has been wrong before!
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Anthropics and Myopics

Maor, LMK, Starkman o7

o P(us|life)
P(Allife) |

Define: R= A 3 — P(Alus)

P/ _'us}

Ric,y) with =1

_at

1% 8

™
-,

R is small over most of parameter space!




It this weren’t bad enough..




“Eternity is a long time, especially near
the end”

W. Allen




All Good Things Come to
an End
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Even that which won’t vanish

will disappear wxcoso
@ Recall WIMP Dark Matter origin:

n(T,)(ov)=H(T)

100
x=m/T (time -)

& Bound structures n= constant! Hence annihilation
re-equilibrates when: ;> ;. = (;(00))

2 : m\2 . . B
Q For canonical WIMPS: ov= (\—[> x 107*em® sec™

& Hence for m= M = 100 GeV:




It gets worse...
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The End of Cosmology? auxrse

& Recall Cosmology CIRCA 1900: Static and
Eternal

@ Cosmology circa 1916: STATIC de Sitter:

ds* = (1 —r2/R*)dt* —

Q What will the future bring?
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1. Hubble Expansion Disappears: 100 billion

years most things invisible, 1 trillion years,

rest of universe disappears. NO OBSERVED
HUBBLE EXPANSION OF GALAXIES

2. Dark Energy disappears?:  pu/pa ~ 1072

@ Dark energy invisible when

pan << par, but also when py > pyy.
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3. CMB Disappears! t =100 Gyr, peak at = 1 m,
frequency of 300 MHz. Intensity down by 12

orders of magnitude!
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3. CMB Disappears! t =100 Gyr, peak at = 1 m,
frequency of 300 MHz. Intensity down by 12
orders of magnitude!

4.Plasma freq. in galaxy is

. & CMB not permeate the galaxy.

& achieved when universe less than §o times its
present age..
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5. General Relativity no help! (Recall LeMaitre)
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6. Island universe allowed in background
Minkowski space (schwarzchild solution)..
temporarily. hence finite future.




5. General Relativity no help! (Recall LeMaitre)

6. Island universe allowed in background
Minkowski space (schwarzchild solution)..
temporarily. hence finite future.

7. What about finite past?
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8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!




Fraction of critical density
0.01 0.02 0.05

8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!

“He Mass fraction

Number relative to H
= [
o =)
o, &

5
Baryon density (1073! g em™)
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8. Primordial Abundances Polluted: i.e favg = D57
Y prim=0.24 but Y =.6 in the future! '

9. No primordial deuterium
absorption from distant quasar

Normalized Flux
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8. Primordial Abundances Polluted: i.e
Y prim=0.24 but Y =.6 in the future!

9. No primordial deuterium
absorption from distant quasar

No evidence of primordial big bang

production!

Normalized Flux

@=S0 19371009

2, = 3.572

C 11 (1334)

5560 6101
Wavelength (&)

6103




Return of Static DeSitter

Universe!




The Good News




The Good News

We live in a very special time: the only
time when we can observationally verify
that we live at a very special time!
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..and, Diamonds are forever

(LMK RS 06)

@ Out of equilibrium particle decay a vital part of early
universe (baryogenesis, BBN)

@ Common sense: If matter decays to radiation,
energy density of radiation overtakes matter.

@ Never again!

@ radiation energy density/matter density = 1/R
Q@ R =exp(Ht)

@ Decaying Matter density = exp(-kt)

© Hence Ratio =exp (-(kH)) > 1!




We will be lonely, but

dominant




