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CONSTRAINTS ON COSMOLOGY FROM THE COSMIC MICROWAVE BACKGROUND POWER SPECTRU
OF THE 2500-SQUARE DEGREE SPT-SZ SURVEY
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ABSTRACT

We explore extensions to the standard ACDM cosmological model using new measurements of the
cosmic microwave background (CMB) from the South Pole Telescope (SPT). Adding SPT measure-
ments to WMAPT significantly improves constraints on possible extensions to the ACDM model; the
addition of low-redshift measurements of the Hubble constant (Hy) and baryon acoustic oscillation
feature (BAO) leads to further improvements. Before combining these datasets, we check for con-
sistency in the ACDM model between measurements of the CMB (SPT+ WMAPT), Hy and BAO,
and find evidence for some tension between the datasets. Within the CMB data alone, we find only
weak support for physics beyond the ACDM model due to a slight trend of decreasing power at
smaller angular scales, relative to the prediction of the ACDM model. This trend could be due to a
logarithmic scale dependence of the power-law index of the primordial power spectrum, dng/dInk.
Alternatively, the trend could arise either from adjustments at small or large scales. The power at
small scales is sensitive to the damping scale which is influenced by both the helium abundance, Y,
and the effective number of neutrino species, Nog. The power at large scales is affected by the inte-
grated Sachs-Wolfe effect which is sensitive to the sum of neutrino masses, Y~ m,. These extensions
have similar observational consequences and are partially degenerate when considered simultaneously
These degeneracies can weaken or enhance the apparent deviation of any single extension from the
ACDM model. Of the 6 one-parameter model extensions considered, we find the CMB data to have
the largest statistical preference for running with —0.046 < dn,/dInk < 0.003 at 95% confidence.
This preference for dn,/dInk < 0 strengthens to 2.7 o for the combination of CMB+BAO-+H,. Run-
ning of this magnitude is difficult to explain in the context of single-field, slow-roll inflation models.
When varying the effective number of massless neutrino species, we find Neg 3.62 £ 0.48 for the
CMB data. Adding Hy and BAO measurements tightens the constraint to Neg = 3.71 £ 0.35, 1.9¢0
above the expected value for three neutrino species. Larger values of Nog relieve the mild tension
between the CMB, Hj, and BAO datasets in ACDM. Instead fixing Neg to the standard value and
allowing the sum of neutrino masses to be free, we find the combined data from the CMB, BAO, H,,
and Sunyaev-Zel'dovich selected galaxy cluster abundances prefer nonzero neutrino masses at 3.0 0.

The median value is Y m, (0.32 £ 0.11) eV, a factor of six above the lower mass bound set by

neutrino oscillation observations. All datasets except Hj show some preference for massive neutrinos;
data combinations including Hy favor nonzero masses only if BAO data are also included. We also
constrain the two-parameter extensions Neg + > m, and Neg + Y, to explore constraints on sterile
neutrinos and big bang nucleosynthesis respectively.

Subject headings: cosmic microwave background, cosmological parameters, early Universe
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