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The Hubble diagram:a crude theorist's view .
' driven by

angular momentum

distribution acquisition

~

-

What drives coherent secondary infall?
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® How discs build up from persistent cosmic web?

Part I Outline

@ 4 trivial facts about galaxies in their web

e what's a disc?

e what's a void?

e what's a shock?

e what do numerical hydro suggest?

@ The proposition

@ Various proofs of various value?




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)
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Fact number three
“theoretically”, a shock:

Normal to shock
Pre shock flow A

: \ Post shock flow

- ]
L — :
- —-—

Plane of shock

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

=3 cosmic weh is important for galaxy morphology
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Normal to shock
Pre shock flow

Post shock flow

Plane of shock

Gas, unlike dark matters, shocks (iso-T) and
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Fact number three filament
“theoretically”, a shock:

wall

7

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

=3 cosmic weh is important for galaxy morphology
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@ high z / low mass
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Fact number

The Virtual (hydrodynamical) universe .

Cosmic web SHARPER

2 kpc

Agertz et al. (2009)

we see cold flows + recurrent disk reformation
LSS drives secondary infall & SPIN ALIGNMENT
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Context & clues
halo\lrigging | .
‘ completely

useless

standard a & (nautical) analo
hierarchical e &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
gthere are discs on the sky and in numerical simulations

ggalaxies form and evolve on the cosmic web (anisotropic PBS)
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Part I Outline

@ 4 ftrivial facts about galaxies in their web
@ the proposition

@ various proofs of various value?
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The proposition in one sentence

Disks 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.
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Part I Outline

@ 4 trivial facts about galaxies in their web
@ The proposition
@ Various proofs of various value?

e smoking gun?

¢ |lots of hand waving ??

® robust statistics?




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

proof by hypnosis,
fishy analogy &

mathematical jargon




Time line of LSS

full history of universe
at once !
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Drift of filaments

Time-line evolution

of filaments

void induced
COSMIC

drift
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Drift of filaments

Time-line evolution
of filaments

void induced
COSMIC

drift
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Drift of filaments

Time-line evolution
of filaments

void induced
COSMIC

drift

(a) (b)
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2D Cartoon of "ideal" cosmic
environment :

Mean local cosmic initial condition
homeomorphic to such crystal 9
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Mean local cosmic initial condition
homeomorphic to such crystal

3D "ideal"cosmic crystal

maximum

Net torque !

&

minimum

20
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Mean local cosmic initial condition
homeomorphic to such crystal

3D "ideal"cosmic crystal

maximum

Net torque !

/

=t wall type saddle minimum

bi%%ed by assumed isotropy: generically one fil+wall
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Do we see this?

"Proof" by visualisation of
hydrodynamical simulation

a.k.a

proof by pretty pictures
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gas tracing
particle:
ollow shocks

¥

typical setting:
one wall one—

filament
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gas tracing filament
particle:—__
follow shocks

typical setting: i
one wall one—
fillament * |
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locus of 3rd:
"
shock

Note the high heIICIW of |nf|ow
AM rich quasi- polar’ accretlon Explain this !
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Can we trace this back in time?

"Proof” by tagging

a.k.a "Proof” by looking at ONE object !
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Angular momentum rich filamentary #

cold ﬂoWs: progenitor of thin dist

U0 msmwwa o

Nut Simulation
0.5 pc resolution
"full physics”
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Angular momentum rich filamentary &
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The fate of
cold gas

N
\'\

0.0000

/ Buddle of position of
gas tracer particles at different
epochs (high z)
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Mass 1n dise originate from filaments
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Angular momentum 1n disc originate

from filaments
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Can it be made quantitative?

"Proof” by robust statistical analysis

a.k.a

lies, damn lies and statistics
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Anisotropic accretion: cold flows driven by LSS
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- Use LSS dynamics to statistically analyse AM infall @ Ruvir

Thursday, 6November, 14



Filamentary Accretion:
coherent orientation
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Disks 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 soas to (re)build discs continuously.

AL

.“ 33

typically one wall one filament:
dynamical implication?

initial galactic infall is AM rich
but quasi polar in the CGM .-Ix o ff AR xw
-> spin // to embedding filament ‘ \

This is the raison d’étre of cosmic web =)
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PART 11

What's happening on
larger scales?

l.e Where do galaxies form in our Universe?
What are the dynamical implications?
Why?




@ How discs build up from persistent cosmic web?

@ How dark halo's spin flip relative to filament?
Why are they initially aligned with filaments?
Why the transition mass? Eulerian view

@ What is the corresponding Lagrangian theory?




dark halos don't form anywhere

\ '

Peak background split in




collapse o
threshold

without
boost

with filamentary
boost
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_ Peak background splitin 3D

.-"-’/’

withom |/
boost

Does this anisotropic biassing have
a dynamical sighature? yes!
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without
boost

boost

Does this anisotropic biassing have
a dynamical sighature? yes!
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Horizon 4Pi:
DM only
2 Gpc/h periodic box
4096° DM part.

43 million dark halos at
z=0

(Teyssier et al, 2009)
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Horizon 4Pi:
DM only
2 Gpc/h periodic box
4096° DM part.

43 million dark halos at
z=0

(Teyssier et al, 2009)

skeleton
follow filaments
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Horizon 4Pi: e
DM only

2 Gpc/h periodic box

4096° DM part.
43 million dark halos at
z=0

(Teyssier et al, 2009)
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mass transition:

M < Mt : aligned

M > Mt : perpendicular

Thursday, 6November, 14



1.15
1.10
1.05
+ 1.00
0.95
0.90

0.85

Pl | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_I‘
E perpendicular .
1 aligned 14:1
X It
:Os,\ I":
o, =
PR A > .
A %) S
O\ Yy ya

*

HTI

| ]
{'
A"

—4 log M :14.00
—-4 |log M :13.30
— -4 log M :12.80
---@® log M :12.50

— — A Jog M :12.00 —

I_II|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|_I
-0.5 0.0 0.5
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mass transition:

My = 4 - 1012 Mg

M < Mt : aligned

M > Mt : perpendicular

- In agreement with other numerical studies e.g Bailin & Steinmetz (2005); Aragon-Calvo et al. (2007,2013); Hahn et al. (2007); Paz et al. (2008)
- Confirmed by observations e.g Tempel et al 2013 using the SDSS data
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Voids/wall saddle

repel...
winding of walls
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winding of walls
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Winding of walls
onto filaments
generate spin

//

to filament

->

Vorticity?
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Focussing on main filament
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Alignement of vorticity with cosmic web
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S, vorticity cross section
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wall -zero vorticity -
— alignment —
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Locus of vorticit
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Density & vorticity slice in a DM simulation.
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Locus of vorticity
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Alignement of vorticity with cosmic web

Alignment of vorticity and cosmic web
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Vorticity is aligned with
filaments

In walls, vorticity is
perpendicular to the
normal of walls
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Cross section of vorticity in caustic
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Revisik

. . . . vorticit
Alignement of spin with cosmic web !

max on edge

Spin alignment first INCREASES with mass !!!
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. ] i ) vorticit
Alignement of spin with cosmic ok max on e)ége

A
o
o

Spin alignment first INCREASES with mass !!! ?0-6:

f|=||||||||||||||||||||||||||||||||||||||||||||| 0.4:
115 ®log M:13.4 g
— 0.2
- 0_0‘_.|.|.|.|.|.|.|.|.|.
— 0.0 0.2 0.4 0.6 0.8 1.0
110_— r /rmax
= = SR ——
— ®log M :11.9 7 F
o 1.05 ®log M :11.7 = 3
+ - ®log M :11.4 - = F 1o
— 7 L
1.00:_ / _: 5:; -7.7
i /,/7\\/ % _: 0(;:.|.|.|.|.|5.|.|.|.|.1|;(}.|.1|E_.)|.|.| o1
0.95— 7 =
— A oof 7
:Illll||||||||||||||||||||||||||||||||||||||||||:aosé _-_5
02 04 06 08 et :
0,05 =
cos 6 e e

-0.5 Radius 0.0 0:5 1.

Spin flip imposed by caustic size
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A toy model for vorticity

Velocity flow

sectlon & spm fhp

------

- - \

.......

Vorticity map o st AN i R K o
. //\\§ yENN L
/ N "///r’\\\\""
VA EER RGN ¥ NI
\V/ " S . R / /s :
s AT - - - - P - - .
/ i -—~ N > T\
/ o o, R SHEL N v
\ } Lo \\\\ f \ /
VNN M=
Q(r,0 Cesin(260 2 ]. 1
R 5T v(r,0)=— | VxQ(,0) _dy.
- A1 [y, lr — r’|
" Spin Spin
0.5
.5
radius position
R| O. 02 04 06 08 I
0. 0.2 0.4 0.6 0.8 1 1
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N . . : *
/?' Horizon-AGN simulation .

|t @ P Full physics large-scale hydrodynamical cosmological AMR
simulation with AGN

Run with
RAMSES code

R.Teyssier)

" DM particles:
10243

Max. refinement: '
217

Dubois et al. 2014
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|| (2) Horizon-AGN

blue colour red

o 100 Mpc.h-1 square box.
run down to z=1.2 with

LCDM cosmology: 10.0

150 000 galaxies and
300 000 dark haloes

in a snapshot. 11.0

mass

el 1.0
'.' P AT e

T OTe 0 L S,

. : s -vae I s

. . . 2= he T ot - .
AU M - : .
. d 4

. S

Re ~ irregular disk elliptical

RSl o Various physical features:

- .

A . Star formation
o Horizon-AGN:
skellezton . Feedback: supernovae, AGN, ...
. Cooling: H,He+metal contribution

Dubois, Pichon, Welker et al., 2014 . Metals
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PDF of u over 4 timesteps &t
sumrHAccRm\ - lllllllllllllllllllll%l

®p=n+4
® p=n+3
®p=n+2
®p=n+1

0.00
0.18

ot = 250 Myr
1.01 i & 8 1HINE ' o ) T TV AT (ST (NPT T T T i [
1.39 | | 0.0 0.2 0.4 0.6 0.8 1.0

£ 185

E 1 I .

0.42
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lllllllllllllllllllll
Illllllllllllllllllll
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7.10
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PDF of d\(p) for 4 different &tp
SMOOTHAM 7 Irl‘l'l'l"TIIy?#TgT!‘|mmlllm

P(5Ap)

i o Gas inflows (re)-align
~ galaxies with their filament

(lp'-ln)l (Ip+|n)

o OMp) : angular momentum contrast
over timestep dtp=(p-n)*dt
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1100 aligned ® é formed at low z by mergers inside the filaments
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Y1008 S oL \ / E
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halos catch up with
each other along
the filaments
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If pancake = filament

—> mergers along €¢




PDF of u for different merging histories

| I | | | | | l | | I | | I |
: | B
B - o & >
1.1 Nm : number of  — E > ” Lea
= mergers ; Lgal
[ L ///// - v w
:ff 1.0 :““:/‘;;;i‘;-;;:‘;}:f(‘ “““““ =
= gl " = Mergers drive galactic
9ol = spin flips.
" Am=0, 9.4<T <9.6 = , _
= t Mergers .fllp the spin
0.8 =] perpendicular to the
e o A (O P (e filament
00 02 04 06 08 1.0

u
Merger rate

better tracer of flip
u= |cos(0)|

@ Red to pink : merged between z=5.2 and z=1.8

Q Blue to : nerver merged, I'" =log(M/Msun)
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PDF of the angular momentum e TR
contrast for different merging histories / MERGERS
AT R T PRl T
W‘/ S RS RN
’_J_I | l | I | I | | | l | I | ] | I | | I | ] | I | I | } | ] | ' | l | IJ___
= : = v ? (7 Lga
I I\ ol Lgal
31 _ it am=0 O
M [ J \ <OM<O5% 5 .
- e N - O Mergers drive galactic
=~ = |/ Qo< < /0 - -
2 = o lem>10% - spin flips.
0- |8 [ ‘ < . .
- | 5] 0 Mergers flip the spin
e, 2] perpendicular to the
i " N LT filament
E : i o Mergers build up the spin
_l_llllllll|l‘lllllllllllllllll!lllllll[: on average
-1.0 0.5 0.0 0.5 1.0

OA2 = (In=In-2)/(In+Ih-2) % £
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@ How discs build up from persistent cosmic web?

@ How dark halo's spin flip relative to filament?
Why are they initially aligned with filaments?
Why the transition mass? Eulerian view

@ What is the corresponding Lagrangian theory?




B

0‘,

o2 Part AL <

Tidal torque theory with a
peak background split near a

saddle




Part III Outline

® The Idea

o walls/filament/peak locally bias differentially
tidal and inertia tensor: spin alignment reflect this in TTT

@ The picture

@ Geometry of spin near saddle: point reflection
symmetric distribution

@ The Maths

@ Very simple ab initio prediction for mass transition

The Lagrangian view of spin/LSS connection
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Can we understand where spin and vorticity
alignments come from?

-usual tidal torque theory i k= Eijk I 1 Crlj

tidal tensor

Zeldovich boost

in

-anisotropy of the cosmic web:

surrounding of a saddle point

with typical geometry

Thursday, 6November, 14



Tidal/Inertia mis-alignment

spin  filament

inertia

Tidal field pancake

in saddle mid p'laﬁe
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Tidal/Inertia mis-alignment
peak

spin  filament S g /

inertia

Tidal field pancake

~ o SPin ¢ filament

i saddle m|d 'p"la“r'i‘e away fronﬁlé'add-le_:f-hﬁid plane
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Spin structure et
near Saddle ) /0

Hessian

Tidal
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AM Zeldovitch flow

vectors

— filament

Point reflection symmetry
follows from
‘spin one’ property of
spin !
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filament

=

_ vectors

Zeldovitch flow

T~
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TTT@ saddle?

derivatives of the field, X

2

the Gaussain joint PDF of the
{zij, Tijr, Tijm} and Y =
{vii,Yiik, Yijkl } in two given locations (r, and r, separated
by a distance r = |r; — ry|) obeys

PDF(X,Y) =
X 1" [ Co
Y e

1

C,
Co

—1

X
det|27wC|1/2

X
b4

) (A2)

subject to the "saddle" constraints (2D)

height

Kk cos(20) =

1

2

xo2 +T20=v, 1,2+ 230 =0, 0,3+ 22,1 =0, #€0 gradient

(584,0 s 580,4) ] msin(29) — —X1,3 — 3,1 -

barametrized curvature
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TTT@ saddle?

the Gaussain joint PDF of the
derivatives of the field, X = {xz;;,Zijk,Tijri} and Y =
{vii,Yiik, Yijkl } in two given locations (r, and r, separated
by a distance r = |r; — ry|) obeys

Z0,0,2 + Z0,2,0 + 2,00 =V, T1,0,2 + Z1,2,0 + 3,00 =0, 3 D
PDF(X To,1,2 + o,3,0 + T2,1,0 = 0, Zo,0,3 + To,2,1 + T2,0,1 =0,
1
K11 = 3 (22,02 — 20,0,4 — 20,2,2 — X0,4,0 + T2,2,0 + 2Z4,0,0) ,
K1,2 = Z21,1,2 + 21,3,0 + £3,1,0, K1,3 = 21,0,3 + Z1,2,1 + £3,0,1,
. 1
k2,2 = = (T0,2,2 — ©0,0,4 + 2T0,4,0 — 2X2,0,2 + T2,2,0 — T4,0,0) ,
PV 7ol v | 2
a K2,3 = Z0,1,3 + Z0,3,1 + T2,1,1 - (B4)

subject to the "saddle" constraints (2D)

height .
xo2 +T20=v, 1,2+ 230 =0, 0,3+ 22,1 =0, #€0 gradient

1

Kk cos(20) = 5 (4,0 — To,4), kSIin(20) = —x13 — 231 .

barametrized curvature
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- Define the spin at point r, along the z direction as the
anti-symmetric contraction of the de-traced tidal field and
hessian:

(2D)
L(ry) =€ii¥uYjmmi = (¥2,0 — Y0,2) (¥1,3 + ¥3,1) +
y12,1 (yo,4 — Ya,0) y12’1 (Y4,0 — Yo,4) - (A3)

It is then fairly straightforward to compute the correspond-
ing constrained expectation, (L|pk), for L as

L.(r,0,k,v)= / L(Y)PDF(X,Y|pk)dXdY.  (A4)

é@@@ e.g.forn=-2  Incredibly simple prediction !

r*sin(20) _ -2
Ls :\n 1451 )e 2 (\/gn ('r2 — 4) cos(26) + 69’ :

N asymmetry
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2D Theory oledaI Torque @ saddle?

L, o sin 20 exp(

L. x r*sin 20 at small radi

—7%) at large rad

1US

\
]

\
|

i,
(&
\

""/" LN\ $ )y ¥ ﬁ
)il

i

L )
Jh

\\\\‘@
/////;'

T N\

b
Gy
N N

=zjlikee

~_ Tl
\\ & \\
\ \‘
™~

1
|

S

[y
Ss =R
| \

X
AN

Figure 4. left: cross section of 2D Lagrangian patch near a saddle
point; right: corresponding momentum (colour coded) and trans-

verse ve
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Llnk W|th Eulerian vorticity!

along the filamen
N // .

= T ozset'.'a%y
@ | density caustic
i;;.map

Mpc/h

AM map

\_;
o

Figure 5. top: Density caustic; Bottom: Zeldovitch mapping of
the spin distribution
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Explain transition mass?
Mir(Ls) = Eo/du dcA(v, k)P(v, k|pk),

radius @ maxima

where the area ofa 4 _ lﬂﬁ(zr*)z |
quadrant is 4 A

The pdf of the shape 1s

/‘ ‘;‘4 ,’i ’\ ‘ « ' »“‘ \\\ “\ \\
15 . ldn2 1.0 2K — YV 2D
Plog) = e 2" erfc :

\/ — 2
height / \ 27T \/2 2,7

asymmetry

so the scaling of the transition mass shape parameter
)\2 / .
M (2) = ANZZE [ 22 ) M, (2) = aM;,
)\1,* Ls

where AN = P(vy, ki|pk)AvAk, and M,(z) = 7L5(2)Xo.
power index

~n4+5 1)

a(n) = —-—+ 17 a(—5) ~ 1/11.
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3BDTTT@ saddle? ~ flament
| Tk ?/ vectors
ralll

* point reflection symmetric
* vanish if no asymmetry

perp.

spin //
to filament

flow

perp.
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3DTTT@ saddle? __N\ﬁ'ame"t AM

. . o . vectors
* point reflection symmetric .

* vanish if no asymmetry

perp.

e
210
spin // Fi . (2k1 + K2) rz cos(6) (10\/5162 — 71/) ;

to filament _21_0

T 420

We check that it is indeed point reflection symmetric with
respect to the saddle point, and it vanishes when k1 = ko =

}*//*{’
/ 1
&

L, (k1 + 2k2) rzsin(0) (71/ — 10\/3&1) ;

L. (k1 — K2) 7° sin(20) (10\/5 (k1 + k2) +v (7 — 422))

PErp. , <

Thursday, 6November, 14



3D Transition

Lagrangian theory
capture spin flip !

Transition mass
associated

with size

of quadrant
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3D Transition mass !

Lagrangian theory '
capture spin flip ! W

Transition mass
associated | !y
with size Low mass'patch Vou N g3

of quadrant L ox e, ¥
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3D Transition mass !

High mass ‘
L x 6¢

Lagrangian theory
capture spin flip !

Transition mass

-,
associated '

with size Low mass: patch \
of quadrant L xe, ¥

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

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

<cos 6 >

038 Eliminate position — (cosf)(M)

1 . : . ! . . . I . . . 1 ) . 12
2 4 6 8 10 Msun

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.
-towaras twe nodes, wnite the spin dips. ... . . .. . .  ~ — —— n ——jnom—m—m—m—msmsmsmsmsmsmsm— ——/n—
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Explain transition mass?

Transition mass versus redshift

1x10"

5% 10'?

Filamer;t\\
Ro=5Mpc/h™,

5% 10"}

Filament
e Rp=7.2Mpc/h

Codis etal 12’ %

=2 (T=1.686\\\

L 1

11 L
1x10 1

1.5 2.

1+z

horizon 4TT

skeleton of LSS

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

Transition mass versus redshift

1x10" : .

5% 10'?

Filament
t e Rp=7.2Mpc/h
Filament'~
Ro=5Mpc/h™,

5% 10"}

Codis et al 12 N\,
=2 (T=1.686\\\

II i 1
xR 15 2.

1+z

horizon 4TT

skeleton of LSS

Only 2 ingredients: a) spin 1s spin one b) filaments flattened
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Does it work with 2D
|Qg Gaussmn point reflection symmetry

for realistic sets of saddles

Random FindS’ from log GRF

. ' 0_-;:" Y
i A\ ! : ‘,.. . ."
\ﬁ‘ v "= : o e : . o ?
: 3 '3 A0 TTTTTTTTTITTITTI T T TTITITTITTTTTT]
y - R : r 3
/‘ :E:
- 0.05 I
R
£ \ spin flips!
at
c
’ 1.1 & 0.00

AN I]Tl]\\“l " TIIIII[
x ~0.05

(] ()

j:ll I] l]’]] Tl Il I]l [T ]T [1 IT ]I [T ]I [I II] 1[
*‘lll lll lll lll lll lll lll lll lll lll llJ,Jll

Lt irreddl
0 1 2 3 & 5

quadrant #

F1TTIATTT llllll

IIIIIIIIII[Iv

Figure 11. Alignment of ‘spin’ along e; in 2D as a function of
quadrant rank, clockwise. As expected, from one quadrant to the
next, the spin is flipping sign.

TR FUTTE PURTE FRURY FUTTE FERTE AW

l.LJ‘L A
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metric for spin build up
of galaxies

AM built up via cold flows
occurs near extrema of
helicity (v.L) either side of
saddles!

Eijk Oli Yij Pk

NG

define epoch of maximal AM accretion
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Filaments — Back to gaIaX|e rodceed Lagangior

metric for spin build up
of galaxies

AM built up via cold flows

occurs near extrema of + 2
helicity (v.L) either side of ,
saddles! + /i
Eijk 01 Vij Wik To
7NN [ /=1
A o2 1 | 0 + ; 

define epoch of maximal AM accretion
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Take home message...

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

® Signature in correlation between morphology and internal
kinematic structure of cosmic web.

® Process driven by simple dynamics: tayaecaly /P REEnock

- requires updating TTT to saddles: simple theory :-)

‘Where "galaxies form does matter, and can be lraced back to ICs
Flattened filaments generate point-reflection-symmetric AM/vorticity distribution:
they induce the observed spin transition mass & helicity of cold flows

ichon et al. 2011 Codis et al 2012, Ti
bois et al 2014 Welke

» . g~

e -
Thursday, 6November, 14
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* What about galaxies 2? .,

* Horizon-AGN simulation Jade (CINES)

(P1Y. Dubois, Co-l J. Devriendt & C. Pichon)
L,ox=100 Mpc/h
10243 DM particles Mpy, s=8x107 Mg,
Finest cell resolution dx=1 kpc
Gas cooling & UV background heating
Low efficiency star formation
Stellar winds + SNII + SNla

O, Fe, C,N, Si, Mg, H
AGN feedback radio/quasar

« OQOutputs
(backed up and analyzed on BEYOND)
— Simulation outputs
— Lightcones (1°x1°) performed on-the-fly

Dark Matter (position, velocity)

Gas (position, density, velocity, pressure, chemistry)
Stars (position, mass, velocity, age, chemistry)
Black holes (position, mass, velocity, accretion rate)

« z=1.5 using 3 Mhours on 4096 cores

' *horizon-AGN.projet-horizéri;fr

Thursday, 6November, 14
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Part V Outline

@ Can morphology/physics trace spin flip?
@ Are transition masses consistent?
@ The fate of forming galaxies

@ The fate of merging galaxies
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. i L4 . redshift 1.2 \ ~ ; ‘
: ol
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v X B

gas temperature

Thursday, 6November, 14



Baryonic light cone




Skeleton from BH catalogue
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Skeleton of box
' n 1] A s

results on spin

R g Pc ::“"_ VL&"‘&

M. :”‘ ;
‘.l »
jree alignment independent

v g
A“ =
= 4 3 i ¢
N

I e
e
1 ‘75"" Y

" of code used

(persistence/watershed)
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Galaxies versus dense filaments

trongly

I€S are S

near filaments

Galax
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can morphology
trace spin flip ?

® thanks to AGN feedback we have
morphological diversity




Can we get massive galaxies that look like ellipticals ?

Increasing mass

NeWALE1\
g-r~0.45+0.2,
AGN
g'r~07+003dust
>

140 kpc

Dubois, Gavazzi, Peirani, Silk, 2013
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Colour

T ———

Irregular Elliptical

Thursday, 6November, 14



Aligned case Misaligned case

Filament-galactic spin & mass
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e(\
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Figure 10. The probability distribution of the cosine of the an-
gle between the spin of dark halos and the direction of the clos-

Pt W
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1.10

Can morphological/physical properties of
galaxies trace spin flip?
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IS morphometric
fransition mass
consistent

with DM 7




Mass transition as a function of redshift
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Final point 1/2:
low mass galaxies




What is the physical origin of low mass galaxies
spin-filament alignment ?
Vorticity arising from kin. structure of filament!

0.60]

Vorticity -galactic spin
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Final point 2/2:
high mass galaxies




»
\

R4
3 .

Are the'impri‘nts of LSS notic'eable, on galaxy properties ?
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