The formation of the first stars

Anna T. P. Schauer

with Volker Bromm, Daniel Ceverino, Maik Drusche, Simon Glover,
Ralf Klessen, Mattis Magg, et al.

34 of December 2018

GTSc] | SPAcE TeLescore To kyO

SCIENCE INSTITUTE

Hubble Fellow




The dark ages

first galaxies z ~ | |

first stars z ~ 20

CMBz~ 1100 | -
| quasars z ~ 7/

- )
Flrst L
stars :
. Pmsent day
: l.i.&bilﬂon years
. ' IONIZA
7

2 lcm signal: SKA stellar archaeology

http://discovermagazine.com/~/media/lmages/Issues/20 [ 4/April/2 | -centimeter-cosmology,|



http://discovermagazine.com/~/media/Images/Issues/2014/April/21-centimeter-cosmology.jpg
http://discovermagazine.com/~/media/Images/Issues/2014/April/21-centimeter-cosmology.jpg

The dark ages

first galaxies z ~ | |
global 21 cm signal: EDGES! sk

Age of the Universe (Myr)
150 200

quasars z ~ 7/

o

" Present day
13.8 billion years

Brightness temperature, T, (K)

10 billion
years

20
Redshift, z

Bowman+18

2 lcm signal: SKA stellar archaeology

http://discovermagazine.com/~/media/lmages/Issues/2014/April/2 | -centimeter-cosmology,



http://discovermagazine.com/~/media/Images/Issues/2014/April/21-centimeter-cosmology.jpg
http://discovermagazine.com/~/media/Images/Issues/2014/April/21-centimeter-cosmology.jpg

Minihaloes
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First star formation

® No metals or dust!
® Cooling:
e 7>10%K : atomic hydrogen
e 7> 200 K : molecular hydrogen

® Direct formation: forbidden

® Formation via H- channel:
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thermal evolution of gas cloud
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Mass of first stars: uncertain

® First simulations: singe star with 100 - 1000 My  abel+ 2002

® Resimulations with higher resolution: fragmentation!

1000-5000 yr
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® masses reach down to subsolar
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Hirano ea 2014* 25 100 ~10° LW+ion 10 2000 100
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thermal evolution of gas cloud
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Our simulations

code: AREPO

dark matter.  particles

Springel 2013 Voronoi cells on

as: -
J moving mesh

primordial,

chemistry: including Hz, HD

Schauer+ 2018



Our simulations

redshift range: z=1200-> 14

box size: (I cMpc/h)’
DM particles / gas 10243 each
cells:

19 M, (gas)
mass resolution:

99 My, (DM)

| - 20 cpc/h

smoothing length: (2 pc at z=15)

Schauer+ 2018



cold gas mass - halo mass relation

cold mass: sum of all cold, dense H> rich gas in halo

e T <500K
® H, abundance > 104

® nh>100cm>?
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halo masses of cold haloes
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sSpin parameter: dense centre
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streaming velocities

origin at z ~ 1100
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streaming velocities

Before recombination: coupling
of baryons and photons
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DM fluctuations increase
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streaming velocities

coherent over large scales, ~3Mpc

10,,, ~ 30 km s'value at

recombination
decaying as (1 +z)

Power spectrum:

~ 3Mpc

R, !
10 10 10 o
<« T r . Py
: [\ V]
8.x107%F L -
_ . _
[ ! :
6.x 107 F T
. I 1 ]
€ i : :
4% 1070 V .
_ : _
I v :
2.% 107 :
1
| U | V]
D I 1 L 1 L | — -
0.001 0.0050.010 0.0500.100 0.500 1.000

k, Mpc™

Tseliakhovich & Hirata 10

- = - - 0.5
360 | e en R L o TN
Errs l: ET ol W L g
l'-"u .' e ot "-". : 4 .J:'.J:i %
| L $ = =1 =
500 Sgin T el s R Blel 0.25

240 | Umirad. Ny o -

= 180 . #5 VRL

120}, =%, %

- - ‘. ey h"-d" ¢ ‘l-
: ¢"' Fr e L -0.25
" - o =% -l-]_i Y T - "
B0 R g ,L’ « -u"ll._ e
s e 1 , 2 s W e e
i 1 ! d J-. . h"‘ ‘ #I ¥ .
. : 0.5

Orms

Mpc

z=20, Fialkov+ 13




Effects of streaming velocities

density: O‘Leary & McQuinn 2012
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Decrease In baryon fraction

® simulations with gas, but no hydrodynamics & chemistry
chemistry T
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Increase Iin halo mass + SF delay
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Increase Iin halo mass + SF delay

G My

quantification of the halo mass by its circular velocity: Veirco =\/

Rvir

® modification of circular velocity with streaming velocity:

Veire = \/[OL Vbc]2+ V?irc,O with o =4.015 and Veirc0 = 3714 km s/ (ﬁtted)
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Our simulations
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halo masses of cold halos: streaming
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halo masses of cold halos: streaming
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spin of minihaloes in streaming regions

® dark matter: spin follows
log normal distribution

® spin parameter of gas
gets larger with
streaming motion

PDF
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Conclusions

® Minimum minihalo mass for SF > 5x10° Mg

® No correlation between the spin of entire halo and on the central

gas cloud scale Druschke, Schauer+18

® Streaming velocities are offset velocities between DM and baryons.
Impacts on first star formation:
® | ower gas content in minihalos

® Halos start containing cold gas at later redshift

® The halo mass threshold moves to higher values, with masses >

Schauer+18,

10’ Ma»for 3 sigma streaming Arxiv 1811.12920
YA1V .

® higher gas spin in streaming regions |
Druschke, Schauer+ 1n prep.

® | W radiation and streaming velocities: soon to come!



