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weak cosmic shear and intrinsic alignments

• weak lensing shear: projected tidal field along the line of sight

• combines information about growth, geometry and statistics
• Euclid: measures shear with up to 1000σ of significance

• precision determination of cosmological parameters
• investigation of models of gravity on large scales

• assumption: uncorrelated intrinsic shapes→ not true
• intrinsic alignments: correlations between shapes of galaxies

• galaxy formation process and angular momentum generation
• interaction of galaxies with local tidal fields

• properties:
• small scale phenomena
• statistics not easy to derive
• contamination of lensing surveys at the 10%-level
• generation of shear B-modes (most important effect!)
• cross correlation with weak lensing shear
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alignment models: many questions

1 quadratic alignments→ for spirals and spheroids?
• tidal shearing generates halo angular momentum
• symmetry axis of the stellar disk aligns
• , theory well developed, perturbative process
• / overestimates signal, baryonic physics poorly understood

2 linear alignments→ for ellipticals?
• tidal shear distorts the stellar ellipsoid
• leakage of the stars into the direction of tidal shear distortion
• , theory reasonably well to handle, alignments found in CFHTLenS
• / GI-alignments

3 accretion models
• halo alignment due to anisotropic accretion on halos along filaments

4 vorticity alignments
• alignment of haloes with local vorticity field
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tidal torquing simulations
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• non-minimal coupling of haloes to the tidal shear field

• angular momentum Li ∝ εijkIjl∂
2
lkΦ

• analytic treatment possible, tidal shear correlation functions
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theory of quadratic alignments

• halo angular momentum ~L generated by tidal shearing ∂2
ijΦ

• effective description with a conditional probability p(~L|∂2
ijΦ)d~L

• angular momentum direction tilts the disk and changes complex
ellipticity ε = ε+ + iε×:

ε+ =
L̂2

y − L̂2
x

1 − L̂2
z

and ε× = 2
L̂xL̂y

1 + L̂2
z

with the angular momentum direction L̂ = ~L/L

• prediction of 4 ellipticity spectra: CE(`), CB(`), CC(`) and CS(`)

including correlations of the scalar ellipticity |ε | =
√
ε2

+ + ε2× and
cross-correlation with the E-mode, analogy to CMB polarisation
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disk orientation
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intrinsic ellipticity correlations
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• angular ellipticity correlation functions, for Euclid tomography
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intrinsic ellipticity E- and B-mode
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• tomographic spectra for Euclid

• small scale correlations, similar to linear lensing, smaller than
nonlinear lensing in all bins
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intrinsic ellipticity C- and S-mode
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• tomographic spectra for Euclid

• 2 new observables, spectra similar, cross-spectrum steeper at low `
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observability of the ellipticity spectra
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• all 4 spectra are observable with Euclid, tomography boosts signal

• measurement of the alignment parameter with percent accuracy
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3d ellipticity alignments

4.4. NUMERICAL RESULTS

Figure 4.3: Diagonal elements of the co-
variance matrices of the cosmic shear
field, II- and GI-alignments for the linear
model. I show the results for the mul-
tipoles ` = {10, 20} (upper panel) and
` = {100, 200} (lower panel). In con-
trast to the shallow survey assumed in
Figure 4.2 the median redshift has now
been set to zmedian = 0.9 as anticipated
by the Euclid mission.
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the Euclid-like high redshift sample. As already noted before, it is common to all three covariance
matrices that the higher the multipole order the more the signal is shifted towards smaller scales. The
individual shape of the matrices, however, is quite di↵erent. While the weak lensing signal is rather
circular, the covariance of the II-alignments are elongated along the diagonal of the k-plane. This
corresponds to the slow decline of the II-signal with increasing wavenumber which has already been
noticed during the discussion of the diagonal entries above. In contrast to this, the GI-contributions
are much more compact. Their extent in the k-plane is several times smaller than that of the II-
alignments. Interestingly, for ` = 100 the contributions of both alignment types are almost completely
concentrated on the diagonal, whereas the shape of the cosmic shear covariance resembles that of an
isosceles triangle. Especially the GI-alignments become extremely narrow in the k-plane.

These findings allow a first qualitative estimate of how intrinsic alignments may bias cosmological
parameters inferred from 3d cosmic shear studies. With respect to the pure cosmic shear signal the
total covariance matrix, i.e. the sum of all three matrices, would be tilted towards larger k-modes
since the contributions from the II-alignments add power on smaller scales, whereas those of the
GI-alignments reduce the amplitude at larger k-values. This tilt suggests that in particular the normal-
ization of the power spectrum �8, the matter fraction ⌦m and the Hubble parameter h are biased. The
actual magnitude of this bias, however, is hard to predict because the e↵ect of power enhancement and
suppression is di↵erent for di↵erent multipoles.

53

3d intrinsic alignment and lensing spectra Cε
`
(k, k)

• incorporate intrinsic alignments into the 3d weak lensing formalism

• for quadratic (theory) and linear (theory and numerics) alignments
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overview tidal torquing ellipticity spectra alignment vs. lensing summary

ellipticity bispectra
8 Philipp M. Merkel and Björn Malte Schäfer
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Figure 2. Equilateral bispectra of the gradient (solid blue) and scalar (red
circles) mode of the intrinsic ellipticity field along with the weak lens-
ing bispectrum as obtained from tree level (light blue dashed) and hyper-
extended (dark green triangles) perturbation theory. In addition the non-
vanishing mixed bispectra (GGI-alignments) are shown.
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1
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2
2k
2
3

C
15

8∑

i=1
Q(i)
κ(2)κ(2)X

(k1, k2, k3). (60)

Before we move on we would like to briefly contemplate
the expressions for the various types of bispectra. Comparing
eqution (39), (47), (52) and (58) we notice that they differ in three
distinct aspects, namely in their time evolution (attributed to struc-
ture growth), their mode-coupling structure as well as in their de-
pendency on redshift (manifest in the different weighting or effi-
ciency functions).

4.4 Results

In order to illustrate our results we first focus on the equilateral
configuration. We show in Figure 2 the intrinsic ellipticity bispec-
tra for the scalar and the gradient mode, S and E, respectively, as
an example. Their functional form is typical for all bispectra which
can be built from the various combinations of the three ellipticity
fields S , E and B. This is demonstrated in Figure 3, where we plot
several mixed bispectra normalized to that of the gradient mode be-
ing of largest amplitude. Bispectra involving an odd number of curl
modes do not vanish in general due to parity (in contrast to the cor-
responding power spectra). This can be most easily seen in the full-
sky formalism (e.g. Hu 2000). However, we observe that bispectra
containing one or more B-modes are significantly suppressed. The
reason for this suppression can be found in the mode coupling func-
tion fB (equation A4). In contrast to the corresponding expressions
for the scalar and gradient mode it is directly proportional to the dif-
ference in wave-vectors (more precisely to their modulus squared)
and therefore subjected to substantial cancellations, which do not
occur for the other two mode coupling functions. This suppression
for curl modes has already been encountered in Figure 1, where the
various ellipticity power spectra are shown. Accordingly, the more
curl modes are included the stronger the suppression of the cor-
responding bispectrum. Bispectra with more than one B-mode are
practically zero and are therefore not shown in Figure 3.

The amplitude of the intrinsic ellipticity bispectra is tremen-
dously large. Figure 2 suggests that it is by far the dominant small-
scale signal even for our rather conservative choice for C. It ex-
ceeds the cosmic shear signal obtained from first order perturbation
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Figure 3. Equilateral intrinsic ellipticity bispectra for various field combi-
nations. All spectra are normalized to the amplitude of the pure E-mode
bispectrum.

theory by about four orders of magnitude for ℓ ∼ 1000. On these
scales, however, the applicability of (tree level) perturbation theory
ultimately breaks down and more elaborated methods need to be
employed. These are hyper-extended perturbation theory (Scocci-
marro & Frieman 1999) on the one hand and the halo model ap-
proach (Cooray & Sheth 2002) on the other hand. The accuracy of
these models reaches the 10-30 per cent level with respect to the
amplitude of the three-point correlation function (Takada & Jain
2003a,b). In this work we use the fitting formula of Scoccimarro
& Couchman (2001) for the density bispectrum. This formula is
based on hyper-extended perturbation theory and we supply it with
the nonlinear matter power spectrum as suggested by Takada &
Jain (2004). Taking the density fluctuations enhanced by nonlinear
structure growth into account the lensing signal increases signifi-
cantly. The difference to the result from tree-level perturbation the-
ory amounts to more than three orders of magnitude on the smallest
scales. Nonetheless the signal of the intrinsic ellipticity bispectrum
is still much larger on these angular scales. Cosmic shear domi-
nates only on scales larger than 20 ′, i.e. for ℓ ! 600. Finally, one
notices from Figure 3 that intrinsic ellipticity bispectra involving
the scalar mode S are enhanced on large scales with respect to the
pure E-mode spectrum (cf. our discussion at the end of Section 3),
whereas those containing vortical modes are suppressed on small
angular scales.

In order to investigate the geometrical dependence of the
shape of the bispectra we consider squeezed configurations next. In
this case two of the wave-vectors are almost perfectly anti-parallel
making the third one nearly vanish. Note that in case of mixed bis-
pectra one has to interchange the wave-vector and field index si-
multaneously, in other words BXYZ(ℓ1, ℓ2, ℓ3) is expected to be dif-
ferent from BXZY(ℓ1, ℓ2, ℓ3). To be specific we set ℓ1 = ℓ2 ≡ ℓ and
cos "(ℓ1, ℓ2) ≃ −1 in the following but we have confirmed that the
results for other representative choices are quite similar. We first fo-
cus on a comparison of III-,GGI- and GGG-alignments (Figure 4).
As before we choose the auto spectra of the gradient and scalar
mode as representatives of the intrinsic ellipticity field. We address
III-alignments of mixed type in Figure 5.

Looking at Figures 4 and 5 we see that the differences be-
tween the S - and E-mode bispectra are almost completely gone.
Only the discrepancy on large scales (ℓ ! 100) remains but less pro-
nounced. Accordingly GGI-alignments containing either scalar or

c⃝ 2014 RAS, MNRAS 000, 1–12

ellipticity bispectra BXZY (`, `, `), equilateral configuration

• ellipticity bispectra, linear alignment model

• different configuration dependence compared to lensing

• surprisingly strong, confirms Elisabetta Semboloni’s results on
simulations
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parameter estimation biases
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• Euclid weak lensing survey, up to 6 bins

• estimation biases are significant
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summary

• resonable understanding of linear and quadratic alignments

• spectra (tomographic, 3d) and bispectra
• intrinsic ellipticity spectra can be measured with Euclid
• parameter estimation biases significant

• mechanisms for tidal interaction are understood

• formation of stellar component/baryonic physics difficult

current developments
alignments as cosmological probes, relation between tidal fields
and ellipticity distribution (for different galaxy types),
GI-alignments, more elaborate alignment models, simulations

many thanks to....
Vanessa Böhm (MPA München), Tim Tugendhat and Philipp
Merkel (both Heidelberg) galaxy ellipticities as cosmological probesBjörn Malte Schäfer
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