Towards a New Understanding
of Giant Clumps
in Clumpy Disks at z~1-3

Manuel Behrendt
Andreas Burkert, Marc Schartmann

PhiGN.
P  Max Planck Institute for Extraterrestrial Physics (MPE), Garchmg p

"MPE/

" University Observatory (USM), LMU Munich

A

OPINAS Seminar, MPE, 27.04.2015



ypical Morphology of clumpy galaxies

SFGs in the CANDELS/Goods-S and UDS field
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Guo et al. 2015
z = 0.5-3 composite RGB images spatial resolution ~kpc




z=1-3

galaxies - irregular structure - relatively thick
~kpc sized clumps 108-10°2 Mg

nigh gas fractions ~50%

nigh velocity dispersion ~50 km/s

nigh sfr, relatively young stars ~108 yrs
minority display signatures from mergers
minority origin outside

Generally:
higher z lower z
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gas fractions |  cause
- gravitational
T gas densities | instabilities l
- clumpiness
- clump sizes




L ocal Axisymmetric Instability

stabilizing

/

O'R V.. Q < Q.; unstable
Q> Q.: stable

/ Q.: =1 (razor thin disk)

destabilizing Qe ~ 0.7 (disk with thickness)

(Toomre 1964) Q X

-> unstable to non axisymmetric modes
(local spirals)



Fragmentationm an axisymmetric disk
@ < Q.« unstable

l

range of perturbations
can grow

l

ring-like structures

l

break-up into clumps
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Thickness Effects
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Thickness Effects

Vertical Distribution
P(z) = po-sech’ (%) I\/Iidplane

(isothermal e density peaks
vertically) l l 2 l l « most unstable part

e structures form first

ofl
I

Potential: @, (A,z,2=0) =®,(A,z) F(A,2=0)
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P Reduction Factor
for an infinitesimally F=(0,1)

Behrendt et al. 2015 thin-disk



Thickness Effects

for a gas disk in vertical equilibrium

fastest growing wavelength scale height independent
202 constant factor
—_— R S
/lf—A/lo_ D A~1.9 (SGCI’LQ)
profile

(independent of the galactic rotation !)

_ 77/1?‘"_ 2 TAG
M,=2 1 = A" X 1

-> gjze: ~2 X '
-> mass: ~4 X "

Behrendt et al. 2015



Simulation
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Growing Wavelengths
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log10(density) (Msun/pc”2)

1 1.4 2.1 28 35 42 5

59.6 Myr 2 kpc



Overdensities
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_Relative Extrem
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RINg Sizes
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Rings collapse first,
then clumps fragment on smaller scales =




Rings collapse first,
then clumps fragment on smaller scales =




Clump Finding

Clump Finder RAMSES:

- density > 100 H/cc

- distinguish substructures with sattel point criterium
- gravitationally bound

-> Clump positions
-> Clump area

Postprocessing:
Vi - Vem (Substract center of mass velocity)
angular momentum vector

-> go into clump restframe
-> calculate profiles

Radius definition:
- density profile ~ <100 H/cc
- else: M_cum ~ const.
Behrendt et al. (in prep.)



max: resolution = 2.9 pc
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__lime Evolution
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Tidal

Stripping”?

Time: 372.78 [Myr]
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~ 'Fast Encounters,
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Clumps.Come in Cltkiters
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16 Estimated number of clusters 55 > 250 Myr interesting
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color = cluster

(double assignment
in color possible)

black = outliers

Density-Based Algorithm
for Discovering Clusters
in Large Spatial Databases
with Noise. Finds core samples
of high density and expands
clusters from them.

Conditions:

The maximum distance
between two samples
for them to be considered
as in the same
neighborhood = 500 pc

e e The number of samples
—12F i@ din a neighborhood for a point
—14k e S04 tobeconsideredas a
L S S core point. = min. 2

Behrendt et al. (in prep.)



16 _Estimated number of clusters 63 > 250 Myr interesting
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Density-Based Algorithm
for Discovering Clusters
in Large Spatial Databases
with Noise. Finds core samples
of high density and expands
clusters from them.

Conditions:
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S S 0 L@ between two samples
o g e o o 0 01 for them to be considered

_6: e S as in the same

—8F ] neighborhood = 500 pe

_10_ """ e The number of samples

—12- ----- il dn a neighborhood for a point

—14} s s 1 o be considered as a
[ S S S S R core point. = min. 2

Behrendt et al. (in prep.)



i MR vReIationﬂ

e i |
603.9 Myr :
X X X X
» x xX . X -1
X X ;
. x X ’){( ;
2 X wx X %
XX X & x * X
x X0 & xX
~ »
. XX % " . %
Qx o X X " X -
X § v oy X 3
g*xx"‘ X X X x ?"& X
x x
X x X x . Xx X
v x X X
x X

'« xx Cluster: (Az +Ay)/2

xxx Single Clumps: (Az +Ay)/2 |

Behrendt et al. (in prep.)

100 10 10°

Size [pc]

104



(9]

Cluster Histograms
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Observations: Genzel et al. 2011

-Clumpy substructure below the current resolution-

+270 +230

Velocity “channels”in the Holine of width ~34 km/s




summary

Clumpiness is very common at high z
-> can be explained by gravitational disk instability

Fastest growing wavelength is ~2x larger for disks with thickness
-> for Q < Qqrit-> Rings form (in an axisymmetric disk)

It Is very import to resolve the disk scale height several times

-> rings collapse first, before they break-up

into a large number of clumps (according to local conditions)

-> wavelength is not directly correlated to clump size anymore

-> giant clumps cannot form initially

Clumps merge to upper limit of <109 Mg
Clumps build ~kpc sized groups and re-group all the time
-> Indication: observed giant clumps have substructure



