Environmentally or internally driven evolution of galaxies
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Environmentally or internally driven evolution of galaxies
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Environmentally or internally driven evolution of galaxies
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@, Mergers in the local Universe
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0) Mergers in the local Universe

Formation of sub-structures
within tidal debris

Bournaud, Duc & Emsellem, 2008
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Mergers in the local Universe

Formation of sub-structures
within tidal debris
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Mergers in the local Universe
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Mergers in the local Universe
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Mergers in the local Universe

After 1 Gyr
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@, Mergers in the local Universe
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@, Mergers in the local Universe
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Mergers in the distant Universe?
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@, Mergers in the distant Universe?
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@) Mergers in the distant Universe?

- - » '.\ » . i = ..
. L . 4 - y . :
\ : S : “_o -\‘ ‘. / : AT 3 ’ .’_ . . w50 o ST
. ; My . ' gty ...' ol y s k.o R _
» : . ’ - . 3 «
5 ‘ \ . . - / ® .. o -
. - ~
e, b I - ' oy ‘
. ' . > ‘ . 2 . ‘ - . - - : . ® -
b o . £ 4 - o
- P . g \ » ) o .
. . p , . . v . < .
. . o .~ 2 — ’ - -
’ J‘ ] ; ' . ‘.. " * .I. - .". - . s ot
.- ‘ «” " . , s - ‘ " g ’l' . 2
- ’ . -
o ‘ 5 ) - .
] - ) .
® | ’ : “ :
: ' . o
X - Nt/ i » % \ : N ‘
pe 2 o. , - . 2 - -
»- - ’ n.,. . \ :
, \. s p Y '. o s
. . : : S . g 4 4 . ,
- ’
’ ~ . &% c s g < ’
. '. 2 5 . \ ’ .
- = . '. ’_. l .
. . o V \"‘ LB 4
e ‘ - e '- . 2
¢ .‘ ,\ . x - - ;
, / 5 ¢ S s
. ’ ; . ; \ , ® ., \ % Pl
. " - ‘g B :
¥ -G . ; g ; BN
- .- ]
- : A -
» / » ) -~ . . ‘ . )
’ : ’ . l. aad “
- : ?
» A . » " ’ ‘ ? - ,
i, 8 . -
S o 2 i 7 - 5
' . . - g - . ,' ‘
) :~ 1. . > \ '- ® -
N e : “a - »
. ’ - P S S / " L 3
7 \ - ' - 4 ’
- g .

The role of mergers in galaxy evolution Pierre-Alain Duc



Mergers in the distant Universe?

The role of mergers in galaxy evolution Pierre-Alain Duc




@, Mergers in the distant Universe?
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@] Mergers in the distant Universe?
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Mergers in the distant Universe?

Dwarf irregular galaxies! «

Local analogues
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Mergers in the distant Universe?

Elmegreen et al. 2007

Star-Forming clumps:
e 1000 times more massive:

108-10° M,
* Ages of the clumps ~100-500 Myr

Are they really merging nuclei?

Local analogues
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@ Kinematical signature of mergers: z=0 and simulations
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@] Kinematical signature of mergers: z=0 and simulations
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/Aﬁl\/l Kinematical signature of mergers: z=0 and simulations
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ASTROPHYSIGUE INTERAGTIONS MULTHEGRELLES

Kinematical signature of mergers: z=0 and simulations
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@] Kinematical signature of mergers: z=0 and simulations
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Kinematical signature of mergers?: z=0.6

Puech et al., 2009; Hammer et al., 2009

The role of mergers in galaxy evolution Pierre-Alain Duc



Kinematical signature of mergers?: z=0.6

Puech et al., 2009; Hammer et al., 2009 The peak of velocity dispersion is displaced!
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@] Kinematical signature of mergers?: z=1.5-2
AlM

> . -
A -

’ : 3 | ROE 2

-
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!O Kinematical signature of mergers?: z=1.5-2
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AIO Numerical model of clumpy galaxies
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o) UDF6462, z=1.6 :
~ ' A ' - Bournaud et al.2008 . ’
) : 2 S , ' \ .
. < . g - : oy - T . . . >
PV-diag¥ams. » 3 " b5 o4 .
; ¢ / . . 2]
’ - B Full res model
/ ’
‘ »
A model with internal.clump formatipn able to reproduce the morphology (non-
exponential disk) and (perturbed) kinemati#gs of the system ' e o
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Numerical model of clumpy galaxies
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Numerical model of clumpy galaxies

-

‘e Imtlal setup of the 31mulat10ns
~.noN- expogentlal disk .
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@) Numerical model of clumpy galaxies

- . -
- / : : A3 %
. . & -
; : Bt &
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: | oy . " B > | ’ . | / >
e Disk 1n instable (Q< 1) e e
- OMassive clumps are forméd, Vco.ntaining’ 50% of disk ' :
THass Sy 2 S e .
: e, | y o y \ . '
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losmg sdme mals : RS, o |
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@, Mergers vs internally-clumpy disks?

& Merger scenario

o @€

\

Disk fragmentation scenario

v Initially separate galaxies formed
P in separate halos merge

¥ Clumps made within a single halo merge

e Gravitationnal instabilities internal to a single halo ~ _____~

e High turbulent gas (o of 50 km/s) form massive clumps . - W .\ .
(at Jeans mass 10° Mo) which may collapse (Q prop to o k/2<1)
if the gas+stars column density is highindisk "= __---~
¢ Spheroids prevent the formation of SF clumps

e This scenario implies the smooth accretion of baryons (i.e. not via mergers)
to avoid the formation of bulges
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Theoretical evidence for important cold accretion at high-z

-
AJ . -
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Cosmological simulation

- ” . . o - = N
. . g " ., L

Dekel &,Birnboim 20Q6 . ¥ RO ’ — Dekel-et ‘al., 2009

W, G | y e : 2 . | e . : -
e Above a crifical halo mass, accréted gas is shocked.and no longer fuel disks "~
e However, at high Z; accretion may still occur: through dense’filamgnts of cold ggs

Efﬁ01ent way to collect large quantitiés-of gas within the disk
* .

-~ . vl 1% - °
< - “ R
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@) Indirect observation evidence of moderate cold accretion at low-z

ssssssssssssssssssssssssssssssssssssss

e At low-z, most of the accretion is prohibited by the
halos: morphological evolution driven by mergers i e
(formation of red sequence?) 5N TERR00R

e Moderate cold accretion may however explain some
properties of spirals: lopesideness and bar frequency

Halo mass

Resurection of bars by gas accretion Lopesided galaxy
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Star formation in low-z mergers
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Star formation in low-z mergers
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Star formation in low-z mergers
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Star formation in low-z mergers

Boquien et al., 2007,09
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Star formation in low-z mergers

Boquien et al., 2007,09
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@, Star formation in low-z mergers

ssssssssssssssssssssssssssssssssssssss

- -
. . -
- .

J Palred galaxies have statistically a hlgher SFR than
1splﬂgalax1es )

-~ é

e Numerical simulations predict ‘R enhancement;
SFR increased by a factor greatﬁanﬁ. are rage and
found only in about 15% of major galaxy interactions
and.rhergers ( Di Matteo et al., 2009 ) | |

e The level of enhanced depends pn the environment,

and 1S deefwthe outerskKirts of clusters. @es

(Martig et 8) -

e Al ULIRGs (with SFRs > 100 Molyr) are
advanced mergers

e Simulations have dlfﬁculﬂes to reﬁ&uce
extreme garburst unless an unrealistic gas
fraction (for low z) is assumed in the colliding
galaxies (Cox et al., 2008) :

‘9 : Duc et.al., .19959
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Star formation in high-z mergers

5 ’ 9 § . ‘ & . = ‘
o, SR IRt
, * 3 D‘ :
s Star‘Formétlon in distant (Z—l) LIRG/ Ve m e ; v .
ULIRG. (with SFR of a few 100 Mo/yr) ‘. = - B,
 takes place in norma} splrals mc}udmg' o ( &
® . galaxies in a clurppy Iihase s " * -
IR el '
Sl i ot X 2 AN :
” - v. - .' : | «  _Elbaz et'al.,.- o s
e The SMGs, HyLIRG (it B e O s T
“SFR>1000 Molyr) are N S5
w9 oA S RS '
probably advgnced mergers g 55 ERa e
» .. 3 ‘ ;
. / . 5 |
g IR ' : ; SR
. » ; | . g % v % i :
ol il S e o W
Tk AT : i . “ . s Q
=>Role of mergers: trigger extfeme -« = "
- Star-Formation at each z range nal ., CO (4-3)
% P RO T 5 “ ./ < HST F814W
e s it e B r T Schinnerer et al.,2008
. - ' ; . . ’ . . -. ~ - . ; p ‘.. v v
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@, Summary: role of mergers in galaxy evolution

Morphological evolution of galaxies:
€ | -’
e at low-z: main driver (outside clusters where additional effects may occur)
formation of structures: SSCs, GCs, UCDs?
e at high-z: secular evolution of clumpy disks, through cold gas accretion, may form
present day spirals
e at intermediate z: controversial resuls: “disk rebuilding” scenario challenged

® \ v 2 . ~ : .' XN © P ’

Star-formation: | ‘ Fe il FE

e at low and high z: ‘most extreme »bursts Ul,lRGs ® S'MGs 2 2% -

» Whether most SF in Universe takes place throu%h mevgmg phase 18 challenged o

e Strong, env1r0nmental effects aV01d densest regions at low-z, not at’ 1nter1’ned1ate ones

’ ’ ) . ’ . 1 .’ s . h . . v
/ s : :
* eResults. obtamed thanks to a coumplmg between observauons (k1nemat1cs of resolved
galax1es) dnd s1mulat10ns SR, Lo S . ’
: "; > ' oo e g / ' e LSty w
. P :
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