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Zentrum für Astronomie der Universität Heidelberg
Astronomisches Rechen-Institut

Parameter Estimation Biases

Motivation
Intrinsic alignments of galaxies are a significant contaminant in any upcoming
weak lensing survey such as LSST or EUCLID.
Ignoring their effects will introduce systematic errors on the measurement of
cosmological parameters.
We present two physically motivated models for the alignment of early type
(ellipticals) and late type (spirals) galaxies and discuss their implications.
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Surveys aiming at high precision measurements of the weak lensing signal hγγ 0i therefore need
to model IA contributions. We apply two separate models for spiral and elliptical galaxies
respectively, as the physics behind their ellipticity alignments is imagined to be quite different.
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Figure 2: Haloes acquire correlated angular momentum orientations in a tidal field with long
range correlation.
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Quadratic Model (for spiral galaxies)
• Ellipticity alignment effectively angular
momentum alignment; angular momenta
related via tidal shear,

P
εs = aα
Φ̂xj Φ̂jx − Φ̂yj Φ̂jy − 2iΦ̂xj Φ̂jy
2
• a is a free coupling constant between ellipticity
ε and tidal torque of the galaxy’s halo.
• Obtained preliminary value for a from N -body
simulations.

Figure 1: Two ellipticals’ shapes are changed in a
tidal field. Correlation in their apparent ellipticity
is due to correlation in the field.
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Linear Model (for elliptical galaxies)
• Ellipticity alignment is caused by tidal forces of
gravitational field:
εe = D(Φxx − Φyy + 2iΦxy )
• D is a free coupling constant between tidal
forces and ellipticity εe (“Hooke’s law”).
• Obtained upper bound of D by fitting to S/N
of CFHTLenS ‘early type’ IA signal reported by
Heymans et al. [1]

Figure 4: Parameter estimation biases for 6-bin
tomography and a EUCLID-like survey.
The purple Fisher ellipses enclose 1 and 2σ.
Coloured dots indicate the shift of the best fit values
that would arise from ignoring the IA signal of the
respective models in their filters.
Blue: biases from quadratic model only (i.e. spiral
galaxies),
red: biases from linear model only (i.e. elliptical
galaxies),
purple: resulting bias for all contributions.
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The measured ellipticity correlations h0i are in general of the form
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Bias dependent on number of tomographic bins.
Extremely significant (> 3σ) for EUCLID-like survey for some parameters.
Models behave vastly different in some parameters.
Bias resulting from the sum of both models isn’t a ‘naive’ sum of their individual biases due
to complicated degeneracies with weak lensing spectrum.

Testing General Relativity
• Scalar perturbations in FLRW:
2



2
2
ds = a −(1 + 2ψ)dτ + (1 − 2φ)dx .

B-modes, GI Alignment Signal
• Intrinsic alignments of both models will generate a B-mode signal in the spectra.
· Can be used as consistency check
· Future surveys: Fit a & D using B-modes
• B-modes from spirals due to parity in equations.
• B-modes in model for ellipticals from redshift clustering.
• GI alignments for spiral model vanish, as hΦ3i = 0 for a Gaussian random field.
• Ellipticals generate GI signal with negative sign.
· Equations very similar to lensing, cf. γ ∝ (Φyy − Φxx + 2iΦxy )
· Asymmetric process: hεieγ j i =
6 0; hγ iεje i = 0.
· Symmetric form of covariance Matrix Cij recovered due to statistical isotropy.
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• For ‘standard gravity’, i.e. GR without anisotropic stress: φ = ψ.
• Lensing measures light geodesics: ds2 = 0, i.e. sum of φ & ψ (Weyl potential).
• As the elliptical model not only ‘feels’ the direction, but rather direction and strength of the
tidal gravitational forces, its properties depend on the value of ψ.
• Comparing the relative strength of weak lensing and the ellipticals’ intrinsic alignment
signals can determine gravitational slip, as each obeys a different Poisson equation.
• This would be an independent test of GR using merely one signal source (galaxy
ellipticity correlations), reducing the possibility of systematic errors.
To do...
• Test models against predictions of N -body simulations
• Obtain a and D independently from simulations (Illustris, Horizons)
• Determine possible constraints and sensitivity on gravitational slip & modified gravity
models with surveys like Euclid or LSST (cooperation with M. Kunz, Geneva).
• Far future: Can SKA2 polarisation data be used to ‘directly’ measure a and D?
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Figure 3: E-mode spectra from IA for ellipticals (II red, GI green), spirals (II blue), and their sum for 3 tomography
bins. Negative contributions are shown as dashed lines, darker colours indicate higher bin number. Shaded area
corresponds to the weak lensing spectra, using both nonlinear (upper) and linear (lower) matter power spectrum.
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Contact Information
• Our code can predict spectra of a given weak lensing survey (here: EUCLID) and the
corresponding IA contributions for given tomography bin number.
• As the models apply to ellipticals and spirals, a survey should be able to detect the
respective model spectra independently in red and blue filters.
• B-modes can be used as a consistency check or to fit the free model parameters a and D.
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