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Pioneers of First Stars Research: Abel, Bryan, Norman; Bromm,
Greif, and Larson; McKee and Tan; Gao, Hernquist, Omukai,
and Yoshida; Klessen; Nishii




Outline

The First Stars- standard picture

Dark Matter
» The LSP (lightest SUSY particle)

Dark Star Born

Stellar structure

Dark Star can grow supermassive
and superbright
 When a dark star dies it becomes
a giant black hole (up to a billion solar masses)










Thermal evolution of a primordial gas
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Naoki Yoshida




Self-gravitating cloud
Eventually exceed

Jeans Mass

of 1000 Msun

Yoshida




Fully-molecular core




A new born proto-star

with T« ~ 20,000K

r ~ 10 Rsun!










Many WIMPs are their own
antiparticles, annihilate
among themselves:

1) Early Universe gives WIMP

miracle

*?) Indirect Detection expts
look for annihilation products
e 3) Same process can power

stars!







Why DM annihilation in the first
stars is more potent than in today s
stars: higher DM density

 THE RIGHT PLACE:

one single star forms at the center of a
million solar mass DM halo

 THE RIGHT TIME:

the first stars form at high redshift,
z = 10-50, and density scales as (1+z)"3






















NFW Profile

Via Lactea







A Time increasing

....... .. " Density increasing

Abel,Bryan, and Norman 2002
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Dark Matter Profile
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DM profile and Gas

Gas Profile
Envelope

Blue: Original NFW Profile

Z=20 Cvir=2 M=7x105M,

Gas densities:
Black: 10 cm=3 -

Red: 1013 cm?3

Green: 1019¢cm=3 .
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Three Conditions for Dark Stars
(Paper 1)

. 1) OKI! Sufficiently High Dark Matter Density
OK! Annihilation Products get stuck in star
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New Phase
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Dark Matter
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Low Temperature 104 K

Gravity turns o
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Is there enough DM?

Spherical Halos

@ DM orbits are nlanzr roseties (Binney
& Tremaine '08).

@ The Dark Star creates a loss cone that

cannot be refilled.

-

Halos are actually Prolate-Triaxial
(Bardeen et al. '86).

@ Two classes of centrophilic orbits.
and orbits (Schwarzchild '79).

@ Traversing arbitrarily close to the
center and the loss cone.

@ The loss cone could remain full for 10°
times longer than in the case of a

" particle: 63 phase ¢
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Spherical Halo (Merritt & Poon '04).
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Freese, Aguirre, Spolyar 08; locco 08
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Capture Case
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Formation rate of2.e7_1.e7Mg halos




log femas(Mbps = 107A’I@) <

Mgs=1.¢5M, Extended AC I, Dropout

——— DS m WFC3 ri2sw
——— DS I WIFC3 rieow

4 6 8 10 12 14
Redshift
Mg,=L.e7M, Extended AC I, Dropout

—4.5 — IOg(fsurv X fAt)a
—34 — IOg(fsurv X fAt)a
-2.1 - log(fsurv X fAt)a




Filter

Acenter( pun )

log 10 Acen ter

AA (pm)

NIRCam

FOT0W
FO90W
F115W
F150W
F200W
F27TTW
F356W
F444W

0.7
0.9
1.15
1.5
2.0
2.77
3.56
4.44

-0.15
-0.05
0.06
0.17
0.30
0.44
0.55
0.65

0.175
0.225
0.2875
0.375
0.5
0.6925
0.89
1.11

F560W
F77T0W
F1000W
F1130W
F1280W
F1500W
F1800W
F2100W
F2550W

5.6
7.7
10.0
11.3
12.8
15.0
18.0
21.0

25.5

0.75
0.89
1.00
1.05
1.1
1.18
1.25
1.32
1.4

1.2
2.2
2.0
0.7
24
3.0
3.0
5.0
4.0




{[Extended AC
i|With Capture

0.0 0.5 1.0
Ioglo}‘obs(.u’ m)
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Mps=1.0ed4Mg z,,,,=20 Extended AC
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Mps=1.0e5Mg z4,, =20 Extended AC
Mps=1.0e6Mg Z4,,,,=15 Extended AC
Mps=1.0e7Mg z4,,n=15 Extended AC
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Mps=1.e6Mg Extended AC NIRCam H,s, Dropout
20

Detection Limits for10% exposure

Detection Limits for10°s exposure




Upper limits on numbers of SMDS detectable with JWST as Hiso dropout

Mps(Mp)

Formation Scenario

Bounds from HST

FOV mulit:
NQb.a Nﬂbﬂ

10°
106
107

Extended AC
With Capture
Any

Maximal Bounds
Maximal Bounds
Maximal Bounds

<1 10
2 32
~1

106
106
107

Extended AC
With Capture
Any

Intermediate
Intermediate
Intermediate

45 709
137 2128
4 64

10°
108
107

Extended AC
With Capture
Any

Number of DM halos
Number of DM halos
Number of DM halos

28700 444750
28700 444750
155 2400

Table 3. Upper limits on the number of SMDS detections as Hyxg dropouts with JWST. In first three rows (labeled "Maximal Bounds”)
we assume that all the DS live to below z=10 where they would be observable by HST, and we apply the bounds on the numbers of DS
fsmps from HST data in Section The middle three rows (labeled " Intermediate”) relax those bounds by assuming that only ~ 10~2
of the possible DS forming in z=12 haloes make it through the HST observability window. For comparison we also tabulate in the last

three rows the total number of potential DM host halos in each case. We also split the number of observations in two categories,

Fov
N obs

and N, The first assumes a sliver with the area equal to the FOV of the instrument (9.68 arcmin® ), whereas in the second we
assume multiple surveys with a total area of 150 arcmin® . Note that for the case of the 10"M; SMDS the predictions are insensitive

to the formation mechanism.




Mps=1.e6Mg Extended AC NIRCam K,q, Dropout

20

" Detection

Detection Limits for10% exposure

NIR F200wW
NIR F277W

35

10 12 14 16
Redshift

Mps=1.e7Mg Extended AC NIRCarn K,y Dropout

20

Detection Limits for10%s exposure

Detection Limits for10% exposure

NIR F200W
NIR F277W

35

10 12 14 16
Redshift




Upper limits on numbers of SMDS detectable with JWST as Kopg dropout
Mps(Mg) Formation Scenario Bounds from HST NEOV Nmulti
10° Extended AC Maximal Bounds <1 ~ 1
107 Any Maximal Bounds < 1 < 1
10° Extended AC Intermediate 5 75

107 Any Intermediate < 1 <1
10° Extended AC Number of DM halos 4511 69900

107 Any Number of DM halos 8 116




z=12
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M,,s_w‘M Ext i JWST detection limits
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i JWST detection limits |
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"with capture"

"with coPture" Type A Pop llL1
"Ext. AC" Type A Pop lIL.2
"Ext. AC" Type A Pop lll. K




Idea: Use a magnifying lens

Detectable with JWST via gravitational lens magnification ~100

*
a)
* ¥
Star clusters Dark stars
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Bizarre stars powered by dark
matter may have been the first
to form after the Big Bang.
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