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[ Teaser: excess mass around average galaxy pairs

low-z

Forecast (SAM)

o ™ lens 1
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Real data




O Primer on weak gravitational lensing
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Gravitational shear pattern on the sky
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3 Primer on weak gravitational lensing

s |ensing convergence

SHgﬂm /XS dXX(XS_X) 5
2 c? 0 CL(X) Xs

k(0;xs) = m (X 0, X)

vy < 0

¢ relation convergence to shear

[ 99,71 (0) + By, 72(0)
Vor(0) = ( 32112(9) — 32211(9) )

s low S/N of galaxy lenses
demands stacking

K| ~ |y~ 1%




O Stacking of single lenses is a correlation function:

(Vg (01)r(02))

</€(92)“€HS at (91> — Ng(91)>

= (kg(01)K(02)) = E(012)

two-point correlator

lens number density

Ne(6) = N [1 + rig ()

density contrast




O Stacking of lens pairs is a 3pt-correlation function:

(Ng(01)Ng(02)r(03))

(k(03)|lenses at 01 A O2) = <](\[g(91 Ng(62))

= Rpair (013, 023; 012)

_ (Vo) Ny (0)x(05)
N o1+ w(b12)]
{4 e (0]

L+ g (02)]5(0))

1+ w(@lg)

w(b12) = (Kg(0h)Kg(62))

clustering of lenses




1 A connected 3pt-correlation function of galaxy pairs
(kg(01) kg (02) K(03)) =

([Ng(01) — N][Ng(62) — N (63))

= —5 (Ng(01)Ng(02)r(03)) — = (Ng(01)r(03)) — = (Ng(02)r(63))

=)

1
Ng g

= [1 4+ w(012)] Rpair (013, O23; 012) — R(013) — K(O23)
=: Akemm (013, 023, 012)

“Excess mass”

¢ vanishes for Gaussian fields




O Galaxy-galaxy lensing...

¢ probes the average matter-density profile around
individual galaxies (in projection);

s Inferes, e.qg., the average number of galaxies in matter
haloes, stellar mass per halo mass;

s stacks randomly oriented lenses and thus erases all
directional dependence;

s IS blind towards changes in the density profile due to
close-by galaxies (or any other factor);



d Lensing by galaxy pairs or “galaxy-galaxy-galaxy lensing”...
s defines a reference direction:

e measures the change in the density profile as function of
separation from another lens;

s probes the population statistics of galaxy pairs inside
haloes;

e sensitive test of galaxy models;




O Practical estimator of the excess mass

1. measure the angular clustering correlation-function of lenses;
2. measure the mean tangential shear around single lenses;
3. stack the shear around lens pairs;

4. compute the excess shear, and apply Kaiser & Squire (1993);

11+ w(612)] Bpair (013, 023; 012) — K(613) — K(O23)



O Data: Canada-France-Hawaii Telescope Lensing Survey

& photometric ugriz survey, ~95 sdeg used

(Heymans et al. 2012)

& lenses: i<22.5 in two photo-z bins; stellar masses from
5x10179 to 3x10”M11 Msol; 0.5 and 0.7 per arcmin/A2;

& sources: i<24.7; 5.5 per arcmin2; r-band PSF 0.66-0.82
arcsec; 5 S

SOURCES low-z — -

LENSES low-z
LENSES high-z

0.5

redshift z




1 Mock shear and galaxy catalogues

& dark matter: Millennium Simulation; 1024 sdeg;
(Springel et al. 2005; Hilbert et al. 2009);

& galaxies: semi-analytical “Garching” model;
(Saghiha et al. 2017; Henrigues et al. 2015; Guo et al. 2011)

(cosmological parameters)
halo merger trees (dynamical friction)
5 M

galaxy mer'gers "Sfar bursts)

(star formation) (disk formation) for‘ma'hon —~ spher‘oud formahon
\__ feedback )
| )

dust extinction | F observable galaxy properties

stellar populations)

(chemical evolution)

The 30th Jerusalem Winter School in Theoretical Physics © Frank van den Bosch: Yale 2012




O Results for the excess mass from our paper

CFHTLenS




low-z & high-z

O Mass map of (shear) residuals between forecast and
CFHTLenS: some mismatch S/N~3.5
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O Is the vertical bulge of excess mass real?

AK
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] More differences: second-order statistics

lens Clustering %, cfhtlens low-z —¥— |
| % cfhtlens high-z —=— |
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1 Conclusions

& reasonable good match between SAM and CFHTLenS for
the excess mass around (physical) galaxy pairs with
150-300 kpc/h separation and z<0.6 (Mstar>1079 Msol);

& weak evidence for unexpected vertical bulge of excess
mass; needs to be confirmed (KIiDS e.q.);

& tension for clustering of lenses but very good agreement
for mean matter-density profile around single lenses;

& might be related to residual B-modes in the shear data —
or possible misaligned distribution of halo dark-matter or
the IGM:



[ most lens pairs are non-physical (r>>5 Mpc/h)
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O ...but mostly affects only the mean amplitude in the map

Az=10""1 Az=10"2 Az=5x%x10"3 Az=2x1073 1.0

H15 PCM H15 PCM H15 PCM H15 PCM

Split lens pairs into physical “true” pairs (tp) and non-physical
pairs:

_ 1+ W _
Aﬁemm(elz’), 023; 912) — ptp(l Dtp tp) X A/ﬂemm(els, 023; 912)\tp
—|_ th

ptp(l _ptp)w‘?p v
1 —I—wtp

_|_

(Eind(em) + Eind(923))



low-z

o [The pair convergence is defined as

Ak(013,023;012) := Fpair (013, 0235 012) — E(012) — E(013)

o scaling with true-pair fraction

Ar(013,023;012) = pep (Epair(el?n O35 012)|tp — K(O12) — R(913)>

-1.2 -0.6 0.0 0.6 1.2 1.8 2.4 3.0
le-3



o sensitivity for galaxy-model testing
(from talk slides by Hananeh Saghiha, 2016)
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