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Dark Stars, what do you mean?
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Dark Stats,
oh what a cool name
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Dark Stats,
oh what a misleading name
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Dark Stars,

flattening your semantics
increases Your ignorance
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Dark Matter and the First Stars:

a complicated story
(which deserves some motre than two words)
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Effects of WIMP DM
on the First Stars
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Outline

* Population [ll stars: a very quick introduction

* WIMP Dark Matter: two mechanisms for interacting with the bright world

* First Stars and WIMP Dark Matter : the physics and the observable effects

— Proto-stellar phase and DM, which effects?
— Does a “Dark Star” form? (Let’ s define a Dark Star)
— Proto-stellar phase =~ DM burning:

— A new generation of stars? Observable signatures?




The first stars (Population Ill)
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Two mechanisms of interaction

Elastic Scattering WIMP annihilation
(with baryons) (into baryons)




Effects of WIMP annihilation on gas

=
GeV-TeV scale

WIMP annihilation

(into baryons)

=

keV scale

Injected y ray

a_
and ionization




Dark Matter "Luminosity”

Energy injected by DM annihilation into the gas

DM profile:
trust the simulations




Gravitational Contraction
Gas collapse and build-up of the DM cusp
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Gas (collisionally) cooling
and collapsing to the center
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embedded DM
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Gas density up:
higher opacity




Feedback effects
during protostellar phase

[ fiducial ‘Central shell
'n&=1OOGeV

DM annihilations:

Log f

Induces ionizations
ionizations catalize H, formation
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H, is a coolant : T down

n,> 10" #/cm?
H, gets dissociated by DM heating;
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Feedback and direct DM effects

(in proto-stellar phase)

Fiducial m0d6|: ' no dramatic change in
(gas/DM) density structure

no dramatic change in

no dramatic change in
infall velocity
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a o [1D analysis]

> ng-zR i%DC(]) b2 =2 [Ripamonti et al. "10]
See also 3D [Smith et al. 12]




Powering the structure (with DM)
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[Spolyar, Freese, Gondolo ‘O8] but original idea (uncited therein) from [Ascasibar, 2007]
At n,,=1012#/cm3

gas—

DM heatlng > H, cooling




The structure does not halt
(no Dark Star “a la SFG")

Just because now 1 sosary

H, cooling is not e/ .
the dominant coolant - P -

NET Cooling
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collisional dissociation,
charge transfer
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catch up as driving coolants:
formation of a _ S _
hydrostatic object : J o) = 10%emd s |
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The structure does not halt
(studying a single object, self-consistently)

Sivertsson & Gondolo, 2010
T T
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with scattering
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Here should be at least 5 slides on
all the literature (and criticisms to it)
predicting the formation of
supermassive or hypermassive
Population Il stars which should
allegedly be possible according to
the SFG “dark star mechanism”

Since that 1s unphysical, I skip them




However:
Fragmentation suppression

With DMA Without DMA

335 AU

m, = 100GeV Kov) = 10" *°cm?/s

100 1000
Column Density [g cm ™3]

H, suppression =» Temperature rise

[Smith et al. "12]




Scattering and Capture
on a hydrostatic object

Halo WIMPs are captured Captured WIMPs accumulate
Inside the star, thermalize

and “sink” to the center,

by scattering off the gas of the star where they annihilate
[locco, 2008]




Eventually a star forms,
(and it lives on the DM cusp)

Capture rate depends on stellar properties, and G (bottleneck process)

And environmental ones
(continuously capturing halo WIMPs)!

Dark Matter annihilation from capture
inside first stars can overpower nuclear

Needs continous replenishment!!!!

For Poplll, Ly, = L.

: [locco, 2008]
quite naturally for not crazy parameters




Scattering & Capture:

main effects
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[locco et al ‘O8; Yoon, FI, Akiyama ‘O8] [Taoso et al. ‘O8]

o =10"*cm? (the whole structure , core included... )
my = 100GeV




Scattering & Capture

(prolonging lifetimes)

IIIIII

HUBBLE TIME

[Taoso et al. O8]

DM powered
stars are “frozen”

as long as environmental
DM stays supecritical

frozen

evolving -

100 my = 100GeV

[locco et al. O8]




Direct observation
(surviving the ages-how much is At ?)
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[Wechsler et al. "02]




Can such mechanism really affect
a whole population?

100 1 1 1 1 1 1l 1_;
10° 10" 10% 10° 10* 10° 10% 107
r [AU]

Flattening of DM profile, disalignment between star and cusp
center found in DM refined [10=-10-° Msun] simulations
(proto-stellar phase not self-consistent)

[Stacy et al, 12]




Single DS Direct Observation”?
(with JWST)

T < 8000 K
8000 K < T < 30000 K
I > 30000 KO

25}

0.5 i 15 0 05 1
log, , » (micron) 100 @ 3h, 50 @ 100h log, , » (micron)
Real atmospheres vs Blackbody
Mps < 700 solmass
Massive single DS are
intrinsically too faint
for JWST detection [Zackrisson et al. 10]




Clustered and lensed DS

observation and discrimination

Y Dark stars
- Galaxies

e Stars
* Brown dwarfs

L'ensec'i DM étars |

Lens:
MACS J0717.5+3745
M=7.4x10'* Msun at z=0.55

[Zackrisson et al. 10]




Conclusions

Two phases, Gravitational vs Scattering DM “accretion”

* Gravitational accretion acts early

— No dramatic indirect nor direct effect

— No sensible Jeans mass modification

— Evidence against super/hyper-massive star formation

Compelling hints of fragmentation suppression

Capture by scattering (active around ZAMS)
— Lifetime prolongement (MUST stay in proper DM bath, DM parameters)
— Disalignement between hydrost. Obj. and DM cusp suppresses effects

Observational possibilities (tough, but no “no go”) @ z < 10
— Lensed, single objects
— Clustered capture objects




Conclusion summary

No Supermassive “Dark Star”

Fragmentation Suppression during Poplll star formation

Life prolongement possible (through scatter mechanism)

None of these mechanisms seems likely to affect dramatically
the whole populaton

“There are more things in heaven and earth ... ,
Than are dreamt of in your philosophy”
[Shakespeare, = 1603]




