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Can we quantify the impact of the cosmic web
on the properties of galaxies from first principles?

* Naive interpretation: revisit galaxy formation theory subject to filament
® because it's interesting (most galaxies are born in filaments)

*to understand what we see-in-LSS surveys

*for intrinsic alignments: pollution for Weak Lensing?

® |SSimpact non-linearly gas flows (what galaxies are made of!)

9’6 build up of discs via stratified AM rich gas flows
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on-simulation.org

ography erc-2014 cosmicskeleton ouygqgue ulialang.org ho 0_submit_job_ac beas spine b Y sandbox pr2000 skymap mathjax-tutoria mediapartfr JUBIL

ho

About Science Media Skymap Lightcone Publications
‘%:ﬁ o) y ;. ° ’
rizonssimulation.org - #%.
(0]
O

o
[+]
o - , % *
o f L
& .
Galaxy ID = 2.0006284e+13
o 2. &
0 o @ 2 o
(0] ") {

° ® :

- Go o by 8

~ = -3 R B3

o @0 % L X l
[+3¢) 0 :s : .}l.;u . .
" ° 0® B s 8ig BS B 11
e 5 s .:p‘ +Q - ° 3' o
P > 8 S o B3
. Nt S Q
[} e . [~ S B3
G o * °:' ':‘ 8
- E : - g B9
e :
Y 8 2 B
o ) ® o ° e B
% o P2 - =
® %
P o

%
o
o®
(o]
Q
e
oF

eg LA -
- ° > o 0.9 0® . “
v e -
e -3 _ © o | F _"@ % & ) _ . °
+* Classical view: DM+thalo catalogue/ merger tree. - “. . *
% | QQ - ’ " | : ’é .Gv ’o %o ®

Tuesday, 12December, 17



About Science Media Skymap Lightcone Publications People Data

(0] o :
horizonssimulation.org = #wv. < coe + ¥ aé

¢ L))
- . I T
° | o o
o . & <2
° -0 ©
Q . o
(e} ° i - T
(o)
(0] o
o
"OQ' o °
I3 Qo o
°

o o, . @ @ o O.B
e © . o L % o 3 . . .Oo o
e , Q 3 0] )
SO 2 %2l € o °
; o 5 8 e .% © %
: a ,o - ® zo '. g oo
o @ @ o Aas? N ° °
& o ® . s R A $ : :
2 o'g; e o I 00" - ~ * Bt 2 e 4
24 .1 T T N YA 3 :
© g ° 9 o 020 o
-1mprovement gas dynamlcs + Cosmlc web (IGM) ot
® <D° 2 feices’reg Feb 11th 2015 £ © ‘e g ° %" - R “ :

Tuesday, 12December, 17



ADout Ccience media SKymap cignicone rupncauons reopie vata

!
>
- 4
, o
- X - '
-« »O

» -

F @ :

3 ey NS YN .x”ei@@ el
L CW.impact gas inflow @ high &lowz ~ LS -
' 2l W ' ; . | . ._ o By @“e' ._ N ’
€2 1o o L | | | | ' 2 ‘

. %k 11 -© The Horizon Simulation
Tuesday, 12December, 17

-~

¢4 !




About Science Media Skymap Lightcone Publications People Data

@ @ - 17 ©MeHorizon Simulation

Tuesday, 12December, 17



Can we quantify the impact of the cosmic web
on the properties of galaxies from first principles?

* Revisit paradigm: impact of large scale anisotropy on statistics?

® (Galaxy property driven by past lightcone of tidal tensor @Zw/axiaxj
non-linear evolution impacted by scale coupling / differential time delays

(N IC)) # [N ((IC))
(fNL(TC))o.6 # NL({TC)o,6)

Spherical collapse does not capture filamentary tides...

Proto halo will be impacted /by
all components of Tidal tensor

(not just trace, also o2

eigenvectors+other-minors)

J®F different scales

different envimt

~ N\
O/
N /
~
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The Hubble diagram: a crude theorist's view

e »
‘ driven by
angular momentum_

distribution acquisition

. |

What drives coherent secondary infall?
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Fact number one
“theoretically”, a galactic disc:

\

An ensemble of ring made of gas,

* turning around the same axis

* whose outer parts rotate with
more angular momentum (flat rotation curve)

Tuesday, 12December, 17
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Fact number two| # = — filament

Peak attract o e\
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Fact number three
“theoretically”, a shock:

Normal to shock
Pre shock flow A

\ Post shock flow

- -
- = :
- -

Plane of shock

Gas, unlike dark matters, shocks (iso-T) and
follows closely the cosmic web

=P cOosmic web is important for galaxy morphology
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Fact number three filament
“theoretically”, a shock:

wall

Normal to shock

Pre shock flow

Post shock flow

Plane of shock

Gas, unlike dark matters, shocks (iso-T) and
follows closely the cosmic web

=P cOosmic web is important for galaxy morphology
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Fact number

The Virtual (hydrodynamical) universe

2 kpc

: Agertz et al. (2009)

we see cold flows + recurrent disk reformation
LSS drives secondary infall & SPIN ALIGNMENT

IAP Dec 12th 2017




Context & clues
halo\lrigging ' .
‘ completely

useless

standard o A (nautical) analo
hierarchical -t &Y
L | . that probably only
clustering picture
the author
understands

gdisc must have a coherent stratified angular momentum
gsurrounding void/wall repel (contrast<0) & contribute to secondary infall
ggas shocks isothermally during shell crossing, follows filaments closely

ggalaxies form and evolve on the cosmic web
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The proposition in ‘'one sentence

Disks (re)form because LSS are large (dynamically
young) and (partially) an-isotropic :
they induce persistent angular- momentum
advection of cold gas along filaments
which stratifies
accordingly so as to (re)build discs
continuously.

IAP Dec 12th 2017

Tuesday, 12December, 17



Clues from LSS
"Proof by halo centric environment”
a.k.a

proof by hypnosis,
fishy analogy &

mathematical jargon

IAP Dec 12th 2017
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Skeleton of the LSS

traces filaments via crest lines of the density field
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Time line of LSS

full history of universe
at once !
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Drift of filaments

Time-line evolution
of filamentary structure
! 4

of one halo

void induced
COSMIC

drift
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Drift of filaments

Time-line evolution

void induced
COSMIC

drift
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Drift of filaments

Time-line evolution

-
y ..__.-':-—>)
void induced
o -—
cosmic =
drift

Tuesday, 12December, 17

d "By

(b)



2D Cartoon of "ideal" cosmic
environment :

Mean local cosmic initial condition
homeomorphic to such crystal
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3D "ideal"cosmic Crysta| Mean local cosmic initial condition
= homeomorphic to such crystal

maximum
tube type saddl? ' ‘ * ' Net torque ?
big void _
) wall type saddle minimum

Tuesday, 12December, 17



Do we see this?

"Proof" by visualisation of
hydrodynamical simulation

a.k.a

proof by pretty pictures
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gas tracing :, filament
particle:—
follow shocks

typical settingg ~_— T
one wall one— el
filament |
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| | 8 corkscrew/
filament...

locus of 3rd:
shock

Note the high heIICIW of |nf|ow:
AM rich quasi-polar accretion Explain this !
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The fate of
cold gas

_\-
\-\

\

Buddle of position of

gas tracer particles at different
\epochs (high z)

\\
.-.\.... " \ -, \ - ‘\
- ......-\ - \
e .-_..... - \\
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dark halos don't form anywhere

+

|
Peak background split

(PBS) in ID |

alka Kaiser Bias

NB: constraint shift mean and RMS!
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 Peak background splitin 3D

without
boost

boost

Does this anisotropic biassing have
a dynamical signature? yes! in term of spin!
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without

boost with

boost

Does this anisotropic biassing have
a dynamical signature? yes! in term of spin!
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Peak background split in 3D

-
o
®
.
, '/a )
| ;', (7.

B//.

!,

oy
E(Y|x) = puy + p—(x — px)
ox

and keep in mind the
covariances are also shifted !!

without 7ix = 071 = p°)

boost = biased local clock = strength of environment

ith
boost

Does this anisotropic biassing have
a dynamical sighature? yes! in term of spin!
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alignments come from?

-usual tidal torque theory y — Eij I I 15 ﬂ]

tidal tensor

Zeldovich boost
—_—

in
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Tidal/Inertia mis-alignment

spin  filament

;

inertia”

Tidaf field pancake

in saddle mid p'la«ﬁe
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Tidal/Inertia mis-alignment
peak

spin filament T e, /

inertia~

Tidaf field pancake

~spin "~ filament

i caddle m| d p'lalﬁe away fron‘ﬁ'é'add-l.ejf--hﬁid plane
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mass transition:

My = 4 - 1012 Mg

M < Mt : aligned

M > Mt : perpendicular

e

(Codis et al, 2012)
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Voids/wall saddle
repel...
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Voids/wall saddle
repel...

winding of walls
into filaments
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Voids/wall saddle
repel...

winding of walls
into filaments
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Alignement of vorticity with cosmic web
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Halos catch up
with each other
along the filaments

IAP Dec 12th 2017
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Filament-galactic spin & mass
1.10
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Can morphological/physical properties of
galaxies trace spin flip?

IMass
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Can morphological/physical properties of
galaxies trace spin flip?

Mass
T T T
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Lack of merger induce realigment

PDF of u over 4 timesteps 6t
suerAM 1.06llllllillll'lllll]lll%l—

|

# time-steps w/o merger

®p=n+4
® p=n+3
®p=n+2
®p=n+1

s

—

“~
i
~
.
N
"
~
.

0.00

) tp
"\““\“ ‘ '0&

\. \

N\

A\
N
\\
|-\\\
lllllll]llllllllll

0.19

ot = 250 Myr
||1|1|1|1|1|1[1||I||1]|

0.96

0.42

llll¢lll]lll|lllllll'

0.69

1.01

00 02 04 06 08 1.0

1.39

L 1.85
- 2.3

3.04

3.81

4,72
5.81
7.10

509 vl o s 0 25 3 3

w B.OE+11 Mg

..1.0E+|4 Mo om 1.5E+13 Mg

Tuesday, 12December, 17



What is the paysical origin of spin flip?
high mass galaxies merge!
I | I | I | I | I | I | I | I | I | I

\ om>0, Ny =1 Galaxies _|
@t dm>0, N =2 _

1.1

+1.0f

Transition mass
versus merging rate
for galaxies

0.9}

the more they flip =
i o stronger amplitude w/r mass

0.0 0.2 0.4 0.6 0.8 1.0 ; ,
" merger driver of flip

0.8
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Galactic morphologies: shape

Smooth accretion

/ SMOOTH | Axis ratio: c/a

ACCRETION IIIIIllIllIllllIIIIIIIIIIIIIIIIIIIIIIII|llll
| | 1O isks e
® Gas 1pﬂows flatten galaxies — spheroids 1
over time along the filament 08 o
direction - hii
[’/,\]* 0.6 - i
— ; — n
155 Q. 04 =
Gyr i X0 d
02 — .
Dark to light: 1.5 Gyr L, = = é ol
Cumulated probabilities of 00 S I 5<log(M/Msun)<10.5
ax1$ratlos§overat1me —1||| L1 |J£I|;;|||||||||||||||||||1|||||||||1
step (250 Myr) 0.2 0.4 0.6 0.8 1.0
62

E4=0/a
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Galactic morphologies: shape

mergers

" MERGERS c/a

1.0 ARRERERENRRRRERAES

© Mergers turn disks into

spheroids 08 I B

© Even minor mergers can 0.6 I =

create spheroid remnants - -

(1] — O |

T 04 . ]

om>20% |

Cumulated probabilities of Il B

axis ratios § for mergers 0.2 | _

with different mass ratios —

over a time step (250 Myr) g

0.0 —

A -

S = lll|llll|lllllllllllllllllll

02" 0.4 0.6 0.8 1.0
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Spin swing dynamics

Smooth accretion

SMOOTH

ACCRETION PDF of 5)\(p) for 4 different dtp
@ @‘ 7_| [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | [ | [ |_
JE =
o Gas inflows (re)-align galaxies = . Pohio =
with their filament S § p=n+3 —
< [\ p=n+4 -
© Gas inflows build up the a3 =
galactic spin = -
I= - -
Ln—l—l e - i ; _______ =
5A(n+1):L+1+L ot s || T Eea
3 - 10 0.5 0.0 0.5 1.0

\ / (Ip=In)/(Ip+In)

® ON(p) : angular momentum contrast over
timestep Otp=(p-n)*ot
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@ Mergers grow galactic size much more
efficiently than smooth accretion.

@ (Gas poor mergers trigger stronger
increase in effective radius.

@ multiple minor merger explains the
loss of compacityt of spheroids at
low redshift.

Angular momentum: hidden variable
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Helicity rich satellite distribution consistent with
filamentary polar accretion towards flipped central

&
£
filament @ satellite
galactic plane
satellites ¢ 2 Rvir
(
e Rvir
@
@ 0.5\Rvir
e ®.
@ (‘@ filament
LCDM: Hydro
blue central red central 4

. T S ' T .
Horizon®ABN 'm@ek oservations = #
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Node

14
satellite population + halo ellipticit

trace competition between
N\ cosmic flows cosmic flow and tides from
central,
g in kinematic set
by cosmic web

wall

I

T, =T'wall-saddle

filament analysis done at redshift zero
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‘B . . : . |
| @ %" " . . s
~“ what abqut real galaxies? ,

-~ . - - O » ] '8
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Evidences of galaxy spin - filament alignment

Cosmic Filament

Tempel+ (2013)  in the SDSS

—_———————
Elliptical galaxies

b <cos(0)> =0.479  <0>=338  pyg=7.7-10"

See also:
Aragon-Calvo+ 2007, Hahn+ 2007, Paz+ 2008, Zhang+ 2009, Codis+ 2012, Libeskind+ 2013, Aragon-Calvo 2013, Dubois+ 2014

IAP Dec 12th 2017 2
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Evidences of galaxy spin - filament alignment

Cosmic Filament

Tempel+ (2013)  in the SDSS

1 T T Ll l 1 L ¥ ] L T T | B T L3

eg-vector (filament axis) Spiral gal .ies ‘

-b
N

4

P(|Cosf |)

<cos(8)>=0513 <0>=162 pyg=2.810"
L L 2 N 1 2 2 M 1 2 M " L 2 i 2

0 0.2 0.4 0.6 0.8 eé

|Cos0 |

Spiral galaxy/

See also:
Aragon-Calvo+ 2007, Hahn+ 2007, Paz+ 2008, Zhang+ 2009, Codis+ 2012, Libeskind+ 2013, Aragon-Calvo 2013, Dubois+ 2014

IAP Dec 12th 2017 1
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Jnfluence of Cosmic Web : GAMA _ .-

Masses
T I T T T T T T T

10k FH logM >11.0
11.0> log M >10.7
- 107> log M 105

1 logM >10.5

SE vs passive
— —

F star-forming |

H passive

SE' Masses

F logar >11.0 _
F 11.0>1logM >104 ]
4 10.4>1ogM >10.0 ]

LAM .-
“
LABORATOIRE D'ASTROPHYSIQUE /
DE MARSEILLE
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., .'I'hﬂpence‘of Cosmic Web : GAMA _ =« ol

.

SF Masses
- ‘I — ——

10k FH logM >11.0 1 F star-forming | F logM >11.0 _
[ - 11.0> log M >10.7 1 F passive 1 H 11.0>1logM >104 ]
<f H 10.7> log AP 10.5 1 1 F 104> logM >10.0 ]

Masses SE vs passive

1 logM >10.5

~or 1o o 10 0o 10

Distance to Walls

e AM e S. Arnouts Galaxy life-cycle Venice October 2016

DE MARSEILLE
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GAMA

Tuesday, 12December, 17

JInfluence of Cosmic Web : GAMA

credit Aragon-Calvo

Kraljie+17,

Red fraction [ {=Q/(Q+SF)]

All masses M>1010Mo
0.75 e e ————————1gm . -0
070k W Far
node
0.6 F ]
0.0 =
a
S 0.60f . S
: 3
: <
’qi 0.55} — é
102
0.50}F _
i CIOSG
0.45F .
; Bl node
() SRS S BN S S ————_ R §y
—-20 —-15 —-1.0 -—-0.5 0.0 0.5 1.0
loglo(Dskel/<DZ>)

closer to filaments

S. Arnouts Galaxy life-cycle Venice October 2016



cosmicoriginorg 4

s>l \NR influence of CW: vipers

Reconstructing the cosmic web: galaxy distribution

keleton extraction in VIPERS W1, 0.4<z<1, i,5<22.5, scale of ~10cMpc (Malavasi+16)

z
5] 0.675 0.85 1.0
T ¥ T TR
. L]

1 1 ' 1' il
2000 2500 J000

px (Mpc)
-1.0 —().8 —0.6 —IIH —l.‘_ (].l( ().l‘z 0.4 0.6
e ) | VIPERS Survey:
24 deg? on ESO VLT, 8m (see Guzzo+14)

3500
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<§F§§Z influence of CW: vipers

Jtion

cosmic web metric

o.... VIPERS : focus on Dgkel

Dusste Malavasi+l7
Star-forming/Passive

All massive

) .
- 1 Starforming lLogA\Al/* > 10.56 7982 ‘ =
- Cxe :: :n [ F—1 Passive s 7105 lvaS|+16)
Q Q 008 ¢
006 F
n-. a‘ 0.4

002

iRed:

012 F
k‘ 010 ¢
Q 008

006
a‘ 004 F

=

014 F
o F 105 < LogA® < 110
kelet :: :". | 4 Logirs > 110
0.08 }
0.06 }
0.4 0.04

W4

PDF

| V-

:6:3;' T2 * '6:0|;| : 10" F: -
D/ (D) D/ (D) }Z/\ _
> Mass segregation effect > Star-forming vs Quiescent segregation effect — 500
4 Detection of a Mass and Type segregation effect near filaments

not only induced by density IPERS Survey:
24 deg? on ESO VLT, 8m (see Guzzo+14)

‘ U
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2 ot ’
cosmicoriginorg '

s>l \NR influence of CW: vipers

Jtion

VIPERS : focus on Dakel

Malavasi+l7

Star-forming/Passive

F Starforming log\A/l* > 10.56 TOR: ) =
- 4 Passive g’ 7 ]()é ) lvaSI+1 6)

kelet

cos 0.513

spin alignment

0.6

"
10! 1"

I)_-\kvl/(I):)

I).akc'l/(I):)
— > Mass segregation effect > Star-forming vs Quiescent segregation effect —— 3500
4 Detection of a Mass and Type segregation effect near filaments
not only induced by density IPERS Survey:

24 deg? on ESO VLT, 8m (see Guzzo+14)
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cosmicoriginorg

sl ANR  Influence of CW: cosmos
Our strategy with COSMOS2015 (Laigle et al 2016)

z=0.58 ——

T

%/

i
&
S

1.0 12
Ra (deg +149)

1.6

e COSMOS2015 photo-z

e 0.5<7z<0.9: 30 slices

e All galaxies with log(M)>10:
30 000 galaxies

e Slice thickness based on
photo-z errors. 75 Mpc
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<§?§an ANR Influence of CW: cosmos
Our strategy with COSMOS2015 (Laigle et al 2016)

z=0.58 ——

All galaxies

TTT]’ L L] TTTTTT‘I’ LI Ll TYTTTY‘[ A | Ll TTTTT-T

COSMOS2015

0.15

0.10

L B N A I

taad i ra sl iraa o

l.o‘ ] 1 IYTITTT 1 1 TTTIIYI ] 1 IYTT"I

2%
3

{" N/ 1 .-
v N ‘

1.0 12 14
Ra (deg +149)

Passive, N=41%, m=0.73

Star-forming, N=59%, m=0.99

1.6

Y,
1;1111111111111111

LA LA L LA LA DL B LA B

A

1111 ' ' 1111111 ' L4 L L Ll ' ) -]

IYY] 1§ YYYTIYT

LAY |

e COSMOS2015 photo-z

e 0.5<7z<0.9: 30 slices

e All galaxies with log(M)>10:
30 000 galaxies

e Slice thickness based on
photo-z errors. 75 Mpc
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cosmicoriginorg

e ANR Influence of CW: cosmos
Our strategy with COSMOS2015 (Laigle et al 2016)

z=0.58 ——

I 1 | l | | | l 1 | I I | ! | I | Allgalan.es
alignments R o

Passive
Star-forming
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Explain transition mass!’

5% 10!

Filament'~
R()‘:SMpCf'h Y

Filament
e Ro=7.2Mpc/h

1

o= 1.686\\

=
L2 1x102}
P>
5% 10"+
‘l 1 Ill
x 10 1
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Explain transition mass!’

Transition mass versus redshift:

1x10"

5% 10!

W
X
-
<
=

h--

Filament
e Ro=7.2Mpc/h

o= 1.686\\

1 1

\

\

1x 10!
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Tidal torque theory with a

M peak background split near a K
saddle
- A
-
‘, ; r . 4 -3\. s

‘ .
IAP Dec 12th 2017 . " ‘




Can we understand where spin and vorticity
alignments come from?

-usual tidal torque theory L e S’ij I I 15 le

tidal tensor

Zeldovich boost

in

-anisotropy of the cosmic web:

surrounding of a saddle point

with typical geometry
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Tidal/Inertia mis-alignment

spin  filament

;

inertia”

Tidaf field pancake

in saddle mid p'la«ﬁe
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Tidal/Inertia mis-alignment
peak

spin filament T e, /

inertia~

Tidaf field pancake

~spin "~ filament

i caddle m| d p'lalﬁe away fron‘ﬁ'é'add-l.ejf--hﬁid plane
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spin wall -filament

|

spin filament-cluster animation!?
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http://www2.iap.fr/users/pichon/orientation.html
http://www2.iap.fr/users/pichon/orientation.html

SPI n structure Flattened filament ~ AM

vectors

near Saddle

~ gk Hpp 15 '

Hessian

Tidal

Analytical result in constrained TTT
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Spin structure AN A
near Saddle a7

.
-~
/ N
- 5
o’ = F ® :
’ "y .- |

Hessian

Tidal
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Zeldovtich flow
near Saddle

/eldovitch
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Spln StI‘UCtU re Fl-a-1-1-:ened ﬁlamen’EA\M |
ear Saddle ~ vectors
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3D TTT@ saddl|e? Flattened filament .

e AM
y vectors
p = '

* point reflection symmetric r — — /

* vanishes if cylindrical filament

perp. along ep

'

spin // sé;fd e! poin

to filament

E VA

~ I J
YUY,

perp =
along egp
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3D TTT@ saddl|e? Flattened filament .

STiaRae AM
» v/ectors
N Y

* point reflection symmetric r — —
* vanishes if cylindrical filament y

perp. along ep

spin //
to filament

perp =
along ep
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W)
v
=
Q)
-
(V)
=
O
-
3
-
(V)
n

Lagrangian theory
capture spin flip !

Transition mass
associated | N
with size Low mass'patch V= . |
of quadrant L ox e, ¥
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3D Transition mass !

Lagrangian theory
capture spin flip !

Transition mass
associated |
with size Low mass:patch | #=
of quadrant L x e, ¥

o

P e S

< Yl

} u"/l'

-
N
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3D Transition mass !

High mas;ls \ » 7 i
L X €¢ i

Lagrangian theory
capture spin flip !

Transition mass
associated

with size

of quadrant
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Geometry of the saddle provides a natural ‘metric’ (local
frame as defined by Hessian @ saddle) relative to which
Cloud ir dynamical evolution of DH is predicted.

cloud effect

AniSe GEC o][e
Tidal torgue theory

Figure 5. Left: logarithmic cross section of M, (r, z) along the most likely (vertical) filament (in

units of 10" Mg). Right: corresponding cross section of (cos @ )(r, z). The mass of halos increases
towards the nodes, while the spin flips.

geometric split ———  mass split
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Geometry of the saddle provides a natural ‘metric’ (local
frame as defined by Hessian @ saddle) relative to which
Cloud ir dynamical evolution of DH is predicted.

cloud effect

<cos 6 >

08 Eliminate position — (cos#)(M)

1 : . ) ] . ) : I . : ) ] R . 12
2 4 6 8 t Sy

Figure 6. Mean alignment between spin and filament as a function of mass for a filament
smoothing scale of 5 Mpc/h. The spin flip transition mass is around 4 10'* M.

geometric split — mass split
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Explain transition mass again!

Transition mass versus redshift

1x10" . ‘

5% 10"

Filament
e Ro=7.2Mpc/h

o]

= 1x10"2}

5% 10"}

Codis et al |12’ N,
? (721.686\\\

]l | 1 1
R 15 2.

1+z

horizon 4T1T

skeleton of LSS

Only 2 ingredients: a) spin 1s spin one b) filaments flattened
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Explain transition mass again!

Transition mass versus redshift

1x10" .

5% 10"

Codisetal |2

Filament
e Ro=7.2Mpc/h

? o= 1.686\\\

1

\

11 Lt L
R 15

Z
1+z

horizon 4T1T

skeleton of LSS

Only 2 ingredients: a) spin 1s spin one b) filaments flattened
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Link with Eulerian vorticity?

- AN\ @ density caustic

A/\M Lagrégf;;ﬁ\ AM Eulerian map

map
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Link with Eulerian vorticity?

W @ density caustic

w W

AM Lagragm\ AM Eulerian map

L
\‘ r"

& V\\

N ‘I’ ’

eeeeeeeeeeeeeeeeeeeee



Growth of the large-scale structure Laigle+15

Initial phase of structure formation: laminar and curl-free flows
This is no longer valid at the shell-crossing

Thin slice of a DM simulation at z=0

3.2

2.4
15 >
=
7p)
C
()
' o)) See also: Pichon&Bernardeau+99,
o Pueblas&Scoccimarro+09
Hahn+14
0.2

What happens when cosmic
Fathoiee o7 @l 4, flows cross?
0 5 10 15 20

Mpc/h 75
- (Galaxies and thelr environment --
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Vorticity generation Laigle+15

Initial phase of structure formation: laminar and curl-free flows
This is no longer valid at the shell-crossing

Thin slice of a DM simulation at z—O

ENL‘;

63.0

FAS
37.3
15
:_ 11.6
S 10E 2
o - 'O
s L S
— - —14. ©
. . > See also: Pichon&Bernardeau+99,
il ~ ’ Pueblas&Scoccimarro+09
5 D Hahn+14
= Vorticity is generated and
N 4 confined within walls and
0 _I | | | | | | | | | | | M | | | | | | | | | | | | | | | | | | | | | _656 -
0 5 10 15 20 filament
Mpc/h 73

-- (Galaxies and theair environment --
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Alignement of vorticity with cosmic web

212 “.' “
P bl e ‘-f-'wi“ y
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i 4

2
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' L
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B

b
g

e

braids structure of vorticity.

TAP Dec 12th 2017
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Geometry of the vorticity cross-section Laigle+15

SO TTTIIT I IT T I G
E a 025F
o 4 sub-regions E
= = 020Ff
= A =] [
301~ 2 = 0.15F
= = > :
20| 6 Mpc - 0.10 [
- -
yof : 0.05 |
- . 0.00 k- =B I T S e = R
o 0. 1. 2. 3. 4.5 6. 7.8 9.10.11.12.13.14.15.
0 10 20 30 40 50
Number of sub-regions
0.10F —
asf
oo0; Cross-sections are typically
-0.05 - o .
; divided in 4 quadrants
-1.0 -6.5 Radius o:o ofs 1.0

Theoretical prediction from Pichon & Bernardeau 1999

75
-- (Galaxies and theair environment --

Tuesday, 12December, 17



Geometry of the vorticity cross-section Laigle+15

o
| I
|

2
_f_j 0.8 —
5 L -
3‘
X 0.6 —
E L -
2 041 _
O B ]
S 02 -
00_1111111111111111—"&\3
, 00 02 04 06 08 e® &
g r /rmax 36%\\0(06
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4 igh vorticity regions are located
o at the edges of the filament
Vi
Vorticity vector field

76
-- (Galaxies and their environment --
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Halo spin-vorticity alignment

_L|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|_
5 —
— 10<logio(M/Mgep)<11 N
2= ]
— — ll<logio(M/Mge)<12 —
J-l|-ﬁ 3 B R 12<10g10(M/M301)<13 _
2 .
| — e —
NN nnAannnnnnnnnnne
~~1.0 -0.5 0.0 0.5 1.0 L0
.3 COS 0 v qo®
'g(\ Q(Q X (o
o SR\ Co

&

Halo spins are aligned with the vorticity in quadrants

-- (Galaxies and theair environment --
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Mass transition for spin alignment Laigle+15

>
X
(U
- <

)|

Magnitude of spin

Rh/R

Idealized toy model: The position is fixed and the radius of the halo increases

Transition mass Is correlated with the size of the quadrants

78
-- (Galaxies and their environment --

Tuesday, 12December, 17



Mass transition for spin alignment Laigle+15

ok

7N

)|

Magnitude of spin

Rh/R

Idealized toy model: The position is fixed and the radius of the halo increases

Transition mass Is correlated with the size of the quadrants

79
-- (Galaxies and their environment --
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Mass transition for spin alignment Laigle+15

ok

)|

Magnitude of spin

Rh/R

Idealized toy model: The position is fixed and the radius of the halo increases

Transition mass Is correlated with the size of the quadrants

80
-- (Galaxies and their environment --
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Mass transition for spin alignment Laigle+15

ok

)|

Magnitude of spin

Rh/R

Idealized toy model: The position is fixed and the radius of the halo increases

Transition mass Is correlated with the size of the quadrants

81
-- (Galaxies and their environment --
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Mass transition for spin alignment Laigle+15

>
X
~

ok

)|

Magnitude of spin

Rh/R

Idealized toy model: The position is fixed and the radius of the halo increases

Transition mass Is correlated with the size of the quadrants

82
-- (Galaxies and their environment --
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Mass transition for spin alignment Laigle+15

>
X
[a—
—

)

Magnitude of spin

Rh/R

Idealized toy model: The position is fixed and the radius of the halo increases

Transition mass Is correlated with the size of the quadrants

0.10f — =
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0.05F
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-0.05
.10 ‘ 3 83
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Revisik

Alignement of spin with cosmic web

1.15

1.10

1.05

1+C

1.00

0.95

Spin alignment first INCREASES with mass

= ®log M :13.4
- ®log M :11.9 £
= ®log M :11.7 =
= ®logM:11.4 =
= // |
:III|IIII|IIII|IIII|IIII|IIII|IIII|II|I|IIIlllll:
0.2 0.4 0.6 0.8
cos 0

Spin flip imposed by caustic size
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Inner halo

Filament @
O

v

Wall section

Connecting Eulerian &
Lagrangian theories
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Outer halo

N\

Inner halo
Filament @
O ‘ .

Wall section

Connecting Eulerian &
Lagrangian theories |
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Outer halo

N\

Inner halo

Zeldovich boost
Filament

O g ‘ .

Q Wall section

——

Connecting Eulerian &
Lagrangian theories
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Wall section

Connecting Eulerian &
| Lagrangian theories
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tidal sphere of influence
onto dark halo

Lagrangian quadrant
tidal sphere of influence of Lagrangian quadrant FlrSt progenitor

filament and wall second progenitor
Lagrangian halo \
S o o ‘

Eulerian caustic,
lower/upper
left quadrant

Wall section

rotating~aalo
Lagrangian quadrant

third progenitor I

17

Eulerian caustic,

lower right quadrant
(not to scale)
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~Let's now focus on colours...



Dark Matter Halos As.sem.bly"in the Frame of
the Saddle Points of the Cosmic Web

or-how dogs the cosmic web Tmpacts.assembly bias

Revisit (up crossing) excursion set theory / saddle

L

> _Xod

R, M=

e Gaussian random field

axis
of (initial conditions <+ CMB)
filament 0—p

e Over-density 0 =

p
e 0 =0./D(z) = spherical

collapse at z =0
(a DM halo will form)
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Dark Matter Halos Assembly’ in the Frame of
the Saddlp Points of the Cosmic Web

or how does the cosmic web |mpacts assembly . blas

Revisit (up crossing) excursion set theory / saddle

L2

R, M=

e Gaussian random field

o (initial conditions <+ CMB)
| e Over-density 0 = P ; P
e 0 =06./D(z) = spherical
&= ' collapse at z =0

(a DM halo will form)
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Dark Matter Halos As_sem_bly-'in the Frame of
the Saddle Points of the Cosmic Web

or -how does the cosmic web Impacts.assembly bias

Revisit (up crossing) excursion set theory / saddle

SR
.\n $.'-
\ ".‘\
~— \.‘ .\_\
-y \ N
- N
\“\ > o —— - \\
3 = \
N . ~ \'.\
\\‘ | Y3
Y
\
\
’
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5>
7

i

larger mass
Halo B
smaller mass
5 (1 (2) /
) i ~ 0

oy
EY|x) = py + p—(x — px)
ox

and keep in mind the
covariances are also shifted !!

"%qx = o3(1 - p?)

= local clock = strength of environment



Typical mass in frame of saddle

extra degree of freedom, Q(0,wp), provides a supplementary vector space

_ riqijrj
Q= 5: 5: Ir|2 “g
i &
o
=
“- }
g Smaller mass |
[l ~ 10" M.
T \
O
-
=
direction of void
£20: corr. density-tide
AM*(I') X 58&20(")Q density
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Accretion rate @ ~ 3 x 10" My & z =0 in frame of saddle

P(d,0rd|Saddle)

AM(r)

Tuesday, 12December, 17

direction of filament

direction of void

Q

Lo corr. slope-tide +
variance of field



Gradient alignment in frame of saddle

cross product of normals

or 09 00 Or

(BM* oM,  OM, 6M*> S0

e background: p
e dotted M

e dashed M
= different gradients

Zz [Mpc/h] (direction of filament)

accretion rate is not
a function of mass and
10 density alone

x [Mpc/h] (direction of void)

K. Kraljic, S. Arnouts, C. Pichon, C. Laigle, S. de la Torre, D.Vibert, C. Cadiou et al., MNRAS
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Gradient alignment in frame of saddle

cross product of normals

Vo

or 09 00 Or

(aM* OM, OM, 8M*) -

e background: p
e dotted M

e dashed M

= different gradients

Zz [Mpc/h] (direction of filament)

accretion rate is not
x\ a function of mass and
"0 ) 4 6 5 10 density alone

x [Mpc/h] (direction of void)

K. Kraljic, S. Arnouts, C. Pichon, C. Laigle, S. de la Torre, D.Vibert, C. Cadiou et al., MNRAS
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Effect of large scale

N\

M\ E

()

Low
redshift ‘
~_
I
AN
=

Results

o Different gradients for different quantities

with AGN  withdEReGN » Effects beyond mass & local density
’- e DM halo in nodes (resp. filaments)

e form later
e accrete more

® are more massive

than in filaments (resp. voids)
Tuesday, 12December, 17



Take home message:..

® Morphology (= AM stratification) driven by LSS in cosmic
web: it explains Es -> Sps where, how & why from ICs

® Signature in correlation between spin and internal kinematic
structure of cosmic web on larger scales.

® Process driven by simple biassed clustering dynamics:

- requires conditioning TTT to saddles: simple theory
- can be expressed into an Eulerian theory via vorticity

Where galaxies form does matter, and can be traced back to ICs
Flattened filaments generate point-reflection-symmetric AM/vorticity distribution:
they induce the observed spin transition mass

® can be applied to galactic colours as well through extension of

sion set theory: secondary effect onr accretion rate.

IAP Dec 12th 2017 —— | e -
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Effect of Zel’dovich

in frame of saddle

| —

o gradients align isocontours of mass, density, accretion rate

e information attenuated

Tuesday, 12December, 17



Meridional maps:

net gas mass flow

+ meridional accretion @ all z & mass

7z=3.8 5'10"-10"M,,  10"-5'10"M,,  5'10"-10%M,,

(PgasUr)

10210 M_,

Increasing redshift——
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Meridional maps:

advected momentum

(Pgas L vr)

T 0.8 0.4
9‘5 = 0.6
o 0.6
JC:D N 04}
8 0.2 %
i 0.0 p= -1.6F 1
e 2
c o
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0.8+ .
g | 5
3. 06 —— 7
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* significant L, advected @ edge of disk . 0 ;
' o ¥ - advected positively
== builds inside out ? ot 3¢ 1P ey
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W S - ‘Evolution in z of advected moment . ..
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Filamentary Accretion: srowth of lang moment|

coherent orientation

Advected Ang Moment

Coherent ang. moment
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