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VWVeak gravitational lensing

Wiener kg

Cosmic shear: coherent distortions in the shapes of
galaxies.

OIO _3.00

- Lensing by low=redshift structure spanning
linear, quasi-linear, and non-linear
scales.

tion

ma

Decl

» Correlations cleanly measured and modelled over
~ >~ N\ N T angular separations from a few arcmins to a few
150° 120° 90° 60° 30° 0° —30°—-60°-90°
Right Ascension d cgrecs.
DES Collaboration, Jeffrey et al. 202 |

CMB lensing: coherent distortions of CMB
anisotropies

* Lensing by high=redshift structure on
linear scales.

» Correlations cleanly measured and modelled
over angular separations from a few arcmins to

a few degrees.
5 ESA Planck Collaboration 2018




ACDM parameter constraints from weak
lensing

BN Planck CMB lensing Galaxy weak lensing
B KiDS-Viking 450

Constrain well the combination
0.5
Sg X Ogﬂm

Poor constraints on almost every
'\ ' other parameter combination

: °"‘: \\\ - CMB lensing

Constrain well two of the combinations

. :: 4 \\ | 08 hY° small-scale amplitude
°'6 ' 0.6 Peak in the matter power
| oo matterp

spectrum (in projection)
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ACDM parameter constraints from weak
lensing

Galaxy weak lensing

Constrain well the combination

Do we understand thiS! el Sg o gQ0:5

Poor constraints on almost every
other parameter combination

VWe understand this .
CMB lensing

Constrain well two of the combinations

08 hY° small-scale amplitude

QO.6 Peak in the matter power
m h ' e
spectrum (in projection)

08 Qf(r)ﬁ25 Amplitude and shape



Why is cosmic shear sensitive to S8 and

insensitive to HO?
The building blocks of the cosmic shear data model:

Shear angular power spectrum

e e
CK

fip : {+1/2
0

Lensing kernel + source redshift distribution

)= [ a0



Why is cosmic shear sensitive to S8 and
insensitive to HO?
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Why is cosmic shear sensitive to S8 and
insensitive to HO?
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Why is cosmic shear sensitive to S8 and
insensitive to HO?
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Why is cosmic shear sensitive to S8 and
insensitive to HO?
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Why is cosmic shear sensitive to S8 and
insensitive to HO?
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Why is cosmic shear sensitive to S8 and
insensitive to HO?
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F(z;Qy) = F(z) for low-redshift lenses




Why is cosmic shear sensitive to S8 and
insensitive to HO?

O ~ 7302 / . F(2)A? (k i, g; Z) for low-redshift
0

lenses

ke The dimensionless matter power

2 L
A%(k) = 92 P (k) spectrum with k in h/Mpc units

Physically: lensing introduces no new length scales on top of those
already present in the matter distribution.

(Similar arguments for the Intrinsic alignment terms in the NLA model)

Aside from overall factors of {2,,, the cosmology dependence of

lensing two-point functions is contained entirely within P(k) when
_expressed in h-rescaled units.



Why is cosmic shear sensitive to S8 and
insensitive to HO?

Zmax €
S 5—39%/ dz F(2)A (k/HO = z>
0

S8

Usual hand-wavy argument:



Why is cosmic shear sensitive to S8 and
insensitive to HO?

CYY ~ 07302, / A (k/HO i z>
0 Z
S8

: 0
Usual hand-wavy argument: A o3

i.e. gets the dependence wrong!
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Why is cosmic shear sensitive to S8 and
insensitive to HO?

Zmax €
O / dz F(2)A ( R z>
0 Z
S8
More precise: Jain & Seljak 1997 (D)~ apf)

Using linear theory and the 0 - 0 0 < 9
Peacock & Dodds 1996 formula o =
for the non-linear P(k) a~~07 §>10
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Why is cosmic shear sensitive to S8 and
insensitive to HO?

Zmax g
S 2—39%/ dz F(2)A (k/HO = z>
0

58
More precise: Jain & Seljak 1997 E ()~ a0
Using linear theory and the 0 - 0 0 < 9
Peacock & Dodds 1996 formula - =
for the non-linear P(k) a~0.7 @6>10

Non-linearities are important, so it’s time we revisited this
with a better model: the halo model - also allows the

parameter dependence to be understood physically
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Why is cosmic shear sensitive to S8 and
insensitive to HO?

Zmax €
S 2—39%/ dz F(2)A (k/HO = Z>
0

HO

Fixing (). to keep the lensing pre-factors fixed
—> ' = ),,h changes

(the horizon scale at matter-
radiation equality in h/Mpc units
a.k.a. the “shape parameter”)

104 103 102 i 100
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Why is cosmic shear sensitive to S8 and
insensitive to HO?

Zmax €
S 2—39%/ dz F(2)A (k/HO = Z>
0

HO

Fixing (). to keep the lensing pre-factors fixed
—> ' = ),,h changes

Hg changes the small-scale
amplitude at fixed A,

But the amplitude is also
controlled by {2 and A or os.

e 10-3 102 10~ 109
k/h [Mpc]



Why is cosmic shear sensitive to S8 and
insensitive to HO?

Zmax €
S 2—39%/ dz F(2)A (k/HO = Z>
0

HO

Fixing (). to keep the lensing pre-factors fixed
—> ' = ),,h changes

Hg changes the small-scale
amplitude at fixed A,

Fixing the small-scale amplitude
leaves only subtle changes to the
shape - not well measured by
current surveys!

e 10-3 102 10~ 109
k/h |Mpc
- /h [Mpc]



Parameter sensitivity of the |-halo term

6 z=0.0 HO changes the linear shape at
fixed amplitude, but further
W T T T T T TS S suppression in the |-halo term
\
e - 3
o ° S] lim A2, (k) = k/h h/ M?n(M)dM
c ot =] k0
Q f
5 O emeesseea ARG == = o eassss
—_2 - o Qm
——- h
—L] -
1073 1072 1071 10° 10!
k[h~iMpc]

A%(k/h) ~ cS3° h? AH 202
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Parameter sensitivity of the |-halo term

Exponent

z=0.0 HO changes the linear shape at
fixed amplitude, but further
"""""""" . suppression in the |-halo term
! 3
. i A () = k/h g / M?*n(M)dM
, "  — k—0
v 4
T % - 2 3543
- Q lim A% (k) < (k/h)°o
——- h k—0
102 10 10° 10* i
k[h~Mpc] Most of the contribution to the |-

halo amplitude at z=0 comes from

AQ(k/h) ~ Og QB il Lagrangian scales around 8 Mpc/h.



Why is cosmic shear sensitive to S8 and
insensitive to HO?

S N£—3Q?n/ L F(2)A (k/HO g z>
0

lim Ajp (k) o (k/h) oy

On quasi-linear and|l-halo

— C)7 x Q2 05° ~ S scales, h-dependence drops out
completely and dependence is
entirely on S8

(Not perfect due to baryon smoothing, finite-redshift effects, |-halo shape effects, etc.)

21
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Why is cosmic shear sensitive to S8 and

insensitive to HO?

Exponent

(5,5)

AH 202 |



Why is cosmic shear sensitive to S8 and
insensitive to HO?

Most of the S/N in current
- surveys comes from here

Exponent

10° 10* 102 10 10  10°
[

G, gggg hY AH 2021
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Why is cosmic shear sensitive to S8 and
insensitive to HO?

Most of the S/N in current
A~ surveys comes from here

Exponent

™ Contaminated by baryon
feedback!

7 @
-d “

—4+ m— Oy
—_— Qm
e L
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Why is cosmic shear sensitive to S8 and
insensitive to HO?

Most of the S/N in current
- surveys comes from here

Exponent

"~ Contaminated by baryon
feedback!

™ Future wide surveys: break

T(')o B 161 102 103 10 10° degeneracies!
/4

@, gggg hY AH 2021
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What about combining with other probes!?

0.8

0.6 -

&
G
0.4 _\

T

0.2 1

0.5 0.6 0.7

BAO + BBN + WL:

SHOES
Planck WL
Planck WI

0.8 0.9

Galaxy lensing adds
basically nothing to HO
from CMB lensing +
BAO.

Do get separate {1,
and og constraints.

Hy =674+ 0.9kms™ *Mpc™*
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What about combining with other probes?

Galaxy lensing adds

0.8 -
0.6 -
£
@
0.4 1
0.2 -
0.5 0.6 0.7

BAO + BEN + WL

SHOES basically nothing to HO
Planck WL :
fencew a0 | from CMB lensing +
Planck WI DES WI
al BAO.
BAO Ly-a
Do get separate {1,
and og constraints.
0.9 1.0

Hy = 70.0+ 6.5kms™ *Mpc™*
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B cionhs arXiv: 2104.12880 (AH 202 1)

* Current lensing surveys alone do not provide useful constraints on
HO.

* Have shown why current lensing data constrain S8 well and HO
poorly, using analytic arguments based on the halo model.

* Cleanest probe is the matter-radiation equality scale seen in
projection, followed by subtle effects on the shape of the spectrum:
partially degenerate with baryon feedback.

* Galaxy lensing adds nothing to the Planck WL + BAO + BBN
constraint on HO.
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Conclusions arXiv: 2104.12880 (AH 2021)

See the paper for the most complete description of where ACDM
parameter information comes from in lensing, and why cosmic
shear constrains the parameters that it does.
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