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Precision Taxonomy




A Dlpole on the SKy?
—— ' ' " = King (PhD thesis) 2011
Webb et al. 2012
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* New physics or systematics?

- No known systematic can explain dipole

- Existing data has been taken with other purposes

- Need customized analysis pipelines [Thompson et al. 2009]
- UVES LP first results out soon [Molaro et al. 2012]




The Fine Structure Constant and the CMB Damping Scale
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Would you like an ESPRESSO?

« ESPRESSO is...

- 380-800nm spectral coverage in one shot

- Highest-resolution instrument on a 10m-class telescope

- Wavelength calibration far more accurate than any other facility

- Cleanest, best-quality spectra both at high and low SNR

- A spectrograph on a 16m telescope (largest visible until ELTs)

- Ultra-high resolution mode, far beyond existing facilities

« >270 nights GTO, over a few years:

- 80% Rocky Planets, 10% Varying Constants

- 10% to be decided: ToO + Exquisite Science + (Any ideas?)

Parameter Standard 1-UT
Wavelength range

Resolving power 1407000
Aperture on sky 1.0 arcsec
Sampling (average) 3.3 pixels

Spatial sampling 6.9 pixels
Simultaneous reference Yes (no sky)

Sky subtraction Yes (no sim. ref.)
Total efficiency 10%%o

- .. R -1
Instrumental RV precision < 10 cm s

4.0 pixels (binned x2)
4.0 pixels (binned x4)
Yes (no sky)

Yes (no sim. ref.)
1096

TBD

Ultra-High Res 1-UT
380-800 nm

2257000

0.5 arcsec

2.1 pixels

3.5 pixels

Yes (no sky)

Yes (no sim. ret.)
TBD

TBD




Variation of fundamental parameters and dark energy. A principal component
approach

L. _-5’1111{:-11u::lr::ml:.—'u..l' A.C.0O. Leite,* :"?" C.J.AP. 1[;11'|_1‘til'15;55"' N.J. Nl..ll'l{?:-_.‘.l' P.0.J. Pedrosa.* '55"' and A. Seganti®

ESPRESSO only

SNe only
ESPRESSO + SNe

CODEX only
CODEX + SNe

mode number

* CODEX can constrain dark energy better than SNe

- Key advantage is huge redshift lever arm

- ESPRESSO is no slouch either... ]
arXiv:1109.6/93



To Couple or Not To Couple

* Reconstruction using varying fundamental constants
requires an assumption on the field coupling...

- ... but coupling can be measured and compared to local
constraints [Menegoni et al. 2011]

- Inconsistent assumptions can be identified and corrected
 See P. Vielzeuf's poster for 2 explicit examples

Probing dark energy beyond z =2 with CODEX

P. E. Vielzeuf!-2:3. and C. J. A. P. I\I:.—'u‘til'm]'ﬁ
fisica da Universidade do Porto, Rua das Estrelas, 15
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dynamical dark energy models (by measuring the behavior of their equation of state) deep in the
matter era and thereby testing classes of models that would otherwise be difficult to distinguish
from the standard ACDM paradigm. We illustrate this point with two simple case studies.

arXiv:1202.4364




Interlude

* Many astrophysical objects can be used to search for
spacetime variations of fundamental couplings

- Population III stars [Ekstrom et al. 2010]
- Neutron stars [Perez-Garcia & Martins 2012]
- Solar-type stars [Vieira et al. 2012, arXiv:1203.soon]

Probing unification scenarios with neutron stars

M A. ]"1:'?1‘1:?;{—{3e"11'{:'1'.-11-H and C. J. A. P. [‘»I?’il‘fil’lHE'EI

1ea, Spain
a (150-762 Porto, Portugal
1]:'1’“:1 \Iu{h 5, 2012)

We discuss the sensitivity of the neutron star equation of state to combined variations of the
gravitational, strong and electroweak coupling constants in the context of unification scenarios. We
find that current knowledge of the neutron star mass-radius relationship and heavy ion collisions
observable measurements constrain the equation of state as described by relativistic field models of
interacting matter. In particular, there are unification scenarios that would be incompatible with
the existence of these objects. This provides an additional independent constraint on the allowed
range of variation of fundamental dimensionless constants.

arXiv:1203.0399



T(z) & Distance Duality

- T(z)=T (1+2z) is a robust prediction of standard cosmology

- Adiabatic expansion, photon number conservation
- Violated in many scenarios, e.g. string theory inspired ones
- If T(2)=T_(1+2)"", find p=-0.01+0.03 [Noterdaeme et al. 2011]

MEASURING THE REDSHIFT DEPENDENCE OF THE CMB MONOPOLE TEMPERATURE WITH PLANCK
DATA.

I. DE MARTINO', F. ATRIO-BARANDELA', A. DA Suva®, H. EBeLing®, A. Kasuninsky', D. Kocevskr®, C.J.A.P. MARTINS®
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T(z) & Distance Duality

- T(z)=T (1+2z) is a robust prediction of standard cosmology

- Adiabatic expansion, photon number conservation
- Violated in many scenarios, e.g. string theory inspired ones
- If T(2)=T_(1+2)"", find p=-0.01+0.03 [Noterdaeme et al. 2011]

. dL=(1+z)2dA IS @ robust prediction of standard cosmology

- Metric theory of gravity, photon number conservation
- Violated if there's photon dimming, absorption or conversion
- If d =(1+2)*"d,, find €=-0.04+0.08 [Avgoustidis et al. 2010, ...]

* In fact, in many models the two are not independent:
B=-2¢/3, so distance duality tests also constrain f3

- A generalized relation exists for any redshift dependence
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Constraints on the CMB
temperature-redshift dependence from
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So What's Your Point?

* Observational evidence for the acceleration of the universe
demonstrates that canonical theories of cosmology and
particle physics are incomplete, if not incorrect

- Several few-sigma hints: smoke but no smoking gun

* Forthcoming high-resolution ultra-stable spectrographs will
enable new generation of precision consistency tests

- Also: Equivalence Principle tests, Redshift drift

- Interesting synergies with other facilities, including Euclid
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