Theoretical Astrophysics
and Dark Energy

Josh Frieman

DOE Program Review
Sept. 26, 2007




A Brief History

Touting the virtues of Lambda

Decaying Lambda Models
Loitering Universe models
Scalar Field Models for DE

Scalar Field DE & LSS

Workshop on the Missing Energy in the Universe
DE and CMB

DE and neutrino mass

DE and unimodular gravity

Local cosmic acceleration with inhomogeneities




Recent Dark Energy Activities

Dark Energy models: develop & test
Dark Energy probes: develop & refine

Dark Energy experiments/observations:
SDSS, DES, SNAP




Dark Energy & Fundamental Physics:
what 1s causing cosmic acceleration?

* A new form of stress-energy
* A modification of GR on large scales

* An inhomogeneous universe




Testing Quintessential Inflation
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 Combine clusters and
Weak Lensing cosmic
shear, including
covariance

e Fractional change in
DETF Figure of Mertit

(+1s good)




Primordial Non-Gaussianity
& Cluster Counts

Cluster count prediction assumes Gaussian primordial perturbations:

nps { M )d M =

Non-Gaussian tails can have large impact on cluster mass function

Gaussianity predicted by simplest inflation models, but direct
observational constraints on non-Gaussianity are weak

Will primordial NG degrade cluster cosmology constraints?

Adopt a simple class of non-Gaussian models and explore the
consequences:

Gravitational potential: O=0¢p+ f,, (¢2 — <¢2 ’ Gaussian field

Non-Gaussianity parameter: from WMAP, -27<f,,<121 at2o




Cluster Counts above Mass Threshold
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Cosmology Constraints w/ Non-Gaussianity
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SDSS Cluster
Correlations and BAO

* Two-point correlation
function of 12,000
clusters with
photometric redshifts

 Predictions sensitive
to photo-z errors

_I [ | 11 | I 1 | | I I 1 | I__I 1 L1 L1 - L1 |
75 100 125 150 175 75 100 125 150 175
r [h-! Mpe] r [h-! Mpc]




Cluster Mass-Observable
Relation

« SDSS Weak Lensing Lensing.
by stacked Clusters | Dynamics

e 1nsensitive to

projection effects

e (Calibrate mass-SZ
decrement for SPT
using DES




CMB Cluster Lensing

Lensing of galaxies vs.

D. measured by CMB
acoustic peaks

1% measurement of R
yields 6% measurement of
Wo

DES+SPT




Testing Modified Gravity " -3

* Galaxy-CMB correlations
due to ISW: T p—

- LCDM. <z> = 0.49

LCDM vs. TeVeS Ve 22188
- MOND, <z> = 2.74

LCDM, <z> = 2.74
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Could a Very Large Void Be Mimicking Dark Energy?

(Hubble parameter smaller at distances > 1 Gpc?)

We don’t know universal Hubble parameter!
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Can fit SNe-Ia data!

fit to z=0.1 (interior) z=0.5 (exterior) SNe (gold)
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Large structures distort CMBR spectrum.

Improved CMBR spectral measurements can rule out model!
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SDSS-11 Supernova Survey:
The First Two Seasons
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13 e B. Dilday (U. Chicago) for the SDSS-II Collaboration

327 spectroscopically confirmed SNe Ia +93 host z, 14 SN Ib/c, 30 SN 11
As seen in: National Geographic, 2 Japanese magazines, 1 Chemistry textbook



SDSS CAMERA

— 120° —

- 280 deg? every 2 days during Sept 1 - Nov 30 of 2005/6/7.
- multi-band light curves of SN Ia at 0.05 <z <0.35
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SNLS (Astier et al. 2006)

- On-mountain 24 hr processing

- SN candidates released immediately to
public.

- real-time photometric typing.
- spectroscopic follow-up.

http://sdssdp47.fnal.gov/sdsssn/sdsssn.html
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Spectroscopic follow-u

Fermilab
U Chicago
APO

U Washington
NMSU

OSU

U Tokyo

U Portsmouth
KIPAC

U Penn
SAAO

RIT

Penn State
Notre Dame
STScl

Wayne State
SNU

HET team

ESO team

MDM team
Subaru team
KPNO team
Keck team

SDSS-II SN Team

J. Frieman (U Chicago), F. DeJongh, J. Marriner, D. McGinnis, G. Miknaitis

B. Dilday, R. Kessler, M. Subbarao (Adler Planetarium)

J. Barentine, H. Brewington, J. Dembicky, M. Harvanek, J. Krzesinski, B. Ketzeback, D.
Long, O. Malanushenko, V. Malanushenko, R. McMillan, K. Pan, S. Saurage, S. Snedden, S.
Watters

A. Becker, C. Hogan, J. VanderPlas

T. Gueth, J. Holtzman

D. Depoy, J. Marshall, J. Prieto

M. Doi, K. Konishi, T. Morokuma, N. Takanashi, K. Tokita, N. Yasuda

R. Nichol, M. Smith

R. Blandford, S. Jha, S. Kahn, R. Romani, C. Zheng
M. Sako

B. Bassett, E. Elson, P. Vaisanen, K. van der Heyden
M. Richmond

D. Schneider

P. Garnavich

H. Lampeitl, A. Riess

D. Cinabro

C. Choi, M. Im e
Goettingen (W. Kollatschny), Munich (R. Bender, U. Hopp), U Texas (C. Wheeler, P.
Hoeflich)

A. Aragon-Salamanca, M. Bremer, F. Castander, C. Collins, A. Edge, A. Goobar, C.
Henriksen, G. Leloudas, J. Lucey, J. Mendez, L. Ostman, K. Romer, P. Ruiz-Lapuente, J.
Sollerman, M. Stritzinger, M. Turatto

R. Assef, A. Crotts, J. Eastman, M. Eyler, C. Morgan, K. Schlesinger, L. Watson

Y. Thara T :
: ] '}_A ‘ i :‘.r‘s
B e

Spectroscopic follow-up telescopes

M. Florack, A. Hirschauer, D. O’Connor
R. Foley, A. Filippenko
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SDSS SN Photometry: Holtzman et al. (2007), to appear



distance modulus
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SDSS 2005 Data
— 130 SNe Ia
— ~89 after cuts

— Kessler, Miknaitis et al (2007) to appear
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SN Coherent Peculiar Velocities

Physically,

. (aiutr.)'z + (aipoiss.)'z

Quantitatively, + Cij

Mass power

More ) Sedde’ spectrum

important

for
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SNe below
this z are

thrown out

(for ESSENCE &
=0.015)

SNLS: z
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Photometric Redshifts for
Dark Energy Surveys

Simulate photo-z’s for C ANN
DES & future surveys
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Optimize photo-z
estimates
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Robust photo-z error
estimates

Explore methods that
don’t rely on individual
galaxy photo-z estimates
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