Strong lensing images as standard shapes
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Introduction



Substructures perturb strong lensing

Small subhalo perturbs
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- Tool to detect individual dark halos wegett et a, 2010
« Promising way to constrain DM on very small scales

- Degenerate with



Substructures perturb strong lensing
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« Noise in strong lensing ® O
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« New window for Can we use images as
?

[Birrer et al, 2016]



Line-of-sight effects in strong
gravitational lensing



Strong lensing in FLRW
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Multiplane lensing

Deflection by lens [:

g 0, | a4 ] )i

Lens equation: 3 =60 — «o(f)

see also [Blandford and Narayan, 1986] [McCully et al, 2014] [Schneider, 2019]



Multiplane lensing

matrices:

Liy = kil + ( Re () Im () )

Im (vi) — Re (yiy)

Partial distortions:  Ay; =1— [y

Infinitesimal beam
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Dominant lens approximation

Lens equation: =6 — «a(f)

a(f) = [Q - Zl<d Qold(@] + Zl<d Qold + Zl>d Aol [0 — aoai()]



Dominant lens approximation

Lens equation: 3 =6 — «a(0)

a(f) = [Q - Zl<d Qold(@] + + Zl>d Aol [0 — aoai()]



Dominant lens approximation
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Lens equation: =6 — «a(f)

a(f) = [Q - Zl<d Qold(@] + Zl<d Qolg +



Dominant lens approximation
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Lens equation: 3 =6 — «a(0)

Q(Q) = [Q - ] + Zl<d Qold + Zl>d Qols [Q - Qodl(@]



Strong lensing images as standard
shapes: Tidal approximation



LOS in tidal regime

see also [kovner, 1987] [Bar-kana, 1996] [Schneider, 1997] [McCully, 2014]

+ Partial distortions
VI#d, aj(0) ~ Lo ~ kiio + viy0”
+ Tidal LOS:
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Q No external shear

Kod s Yod Kds » Vds With external shear
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Tidal regime: Full model

+ LOS =

Rod 5 Yod Rds 5 VYds
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a(f) = (1 - Tys) aods [(1— Tog) 0] + Losf



Tidal regime: Minimal lens model

- Lens equation: 7 = (1—Ty)0 — (1 —Iy) [(1—Toq) €]
« Freedom B+ B = (1— g+ [gs) B

- New equivalent lens equation: é =(1-"T105) 0 — Votbef

- 6 params

External tide: I'; g =T g + Ly — Lys
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Effective lens with ¢efz = ¥oqs [(1 — Lpy)f]



Contributions along the LOS

YL0S = Yod + Yos — Vds

How much does a halo contribute to ,0s?




Beyond shear: Flexion




Extracting LOS shear: Mock images

Composite lens: elliptical core and elliptical offset halo

Projected luminous mass density Projected DM halo mass density Combined
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Image from composite lens

Test sensitivity to/degeneracy with:

- intrinsic ellipticity of lens

- Mismatch of components' centres

- Mismatch of components ellipticity




Extracting LOS shear: Minimal model
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Accurate AND precise
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Stability of results
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Probing a population of haloes

Halo mass function (‘tinker08" model)
107 Ry = 10 Mpe, zpyp = 1.2
10!
3 100
£
5 ? 10°
- Z 10t
9 10% - - 5
10 107 10° 100100 1ot o
Moin M)
101 0t 1012 101 101 10"
Mass (A1 M)
1
0 -
1000
2000
“
0 000 2000 3000 000 5000 6000 200 0

du(z) [Mpc]



Probing a population of haloes

Are haloes all in tidal approx?
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A flexion signal?




A flexion signal?

t
Reconstructed Normalized Residuals
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Conclusion and outlook



Conclusion

LOS shear | can be accurately and precisely measured
- Stable for a wide range of images (not just rings)
- Tidal-approximation-breaking haloes induce
potentially measurable flexion
+ To Do: LOS Minimal model with flexion.
with LOS shear?
+ Study of ?
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