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What youd findE
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| | Lettersto the editor: A bit oCbackground

I Modeling very massive stars (VM Ss)

| What radiative/chemical feedback really doesE
3 populations of starsthat really turn it on!
Are supernovas impacting your SF?

)ser to home - Pop 11.5 in our backyard!
2ssed dwarf galaxies that tell al!
nclusion.

|
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" We@ like to knowE

| - First luminous objectswere VMSs! 100 M, at z> 20
(< 10° yr after Big Bang) from DM halos ~ 108 M,

! Note: ~1 M, stars must have formed as well given the
age of GCs that we@e observed

We know from observations that |GM was already
nriched at z ~ 5 and abundance of C 1V inthe Ly!

est at z ~ 4.6 suggest heavy metals from VM Ss

estions: how/when VM Ss (Pop I11) became
stars (Pop 1) - use a cohesive model to
1-z star formation
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" Modeling the hot, hot stars

| Becauseitisimportantto ! GBingle-bursOstar
| know the amount of formation, small to large

. radiative, chemical, and scale structure formation

- mechanical feedback due due to CDM modef" =
)yaVMS -- 0.3," 5=0.045, h = H/(100km
Nigh T ~ 10K leadsto ~ s* Mpc?) =.7]

assive UV radiation, | Merger history of DM halos
as a Shiter given by thePress-

3 Schechtefunction, SF

e must first when able to cool via
their SFR molecular or atomic line

with efficiency#. = 0.10
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The enticing SFR density

0.100F \

~ Molecular H
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VMSsonly allowed in
DM halos undergoing
first SF, strong
negative feedback on
the star-forming gas to
reproduce

Constrainton model:
mergers of halos must
be withina factor of
100 in mas®f each
other -

Assume VMS SF
by z ~ 7, whicll
A 1

=10 A
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Radiate for me

First stars form from 0 ! Estimate the z where low-
M, DM halos and are masshalo SF, with
cooledvia H, lines, mass molecular coolingis no
ale ~10M, longer possible

2e Lyman-Werner (11.2-
2\/) photons are

ed at ~HAL.Wsper
yon fronV MSs,
late the H

lﬂ‘ifL'Wfdissp*(le—rE] ~ fu.pPB

which will designate a ;
boundary between two
epochs ofjlobal star
formation
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Conservative estimat
(molecular fraction of
gas low, so number ¢
LW photons needed
an upper limit)

Simple model leads t
sharpcutoff - reality
much smoother
because off;

To form stars now, -
gas must cool belc
~10°K via atomic
linesor shieL
cooling in de

ANV =

IS




Close-up with dissociation
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Redshift,z

40

10°M, uniform,
spherical halo has IN- 4
X 10*%cm2at z = 30
MFP of the LW at z = 30
IS ~ 10Mpc, halo ~ 30kp
so travel time ~1Qr

Short compared tQfyyer
uniform LW backgro

multiply, most mc
dissociated

LAt



The chemicals between us

| VMS range 140 M " I Mean metallicity

260M, which explode achieved locally in SF
as pair-instability halo, dispersed slower

supernovaeRISNe) - Into IGM - althoughhigh
: Zz means smaller volume
eavy elements enrich

ost hald  IGM I High-mass SF retarded

by metals, such that
e P(2) Z.~103°Z, | creating a
Ziou(®) = Juo”, second transition in star
take mixing ~ formation y
iciency as ! Z; guide for when the
5 0.5 universe goes from
| mostly Pop Il Pop Il
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I Second transition
- takes place about
f 15" z,," 20
_ ;1 ! Metallicity
e m—— g Wttt ittt - calculated using bot
— 05 mixing efficiencies,
| and have been
3 : 7 confirmed by a

- : separate
calculation/pape

" f,=005 1 ! IGM due toste
s W S winds also
| \ considered
' in compag
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<4
M) @

cool due to atomic lines
M>108M 5 halo

3)

cool due to H,
M ~ 106 M_ minihalo

> zcnt Z< ch't
Pop III :
Pop II 140M_<M<260M,_ '
-+
M~1M_ Pop I1.5 ,
M~10M_
=
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How Pop 11.5s keep It going

entral, self-gravitating | Assume that the gas is fully
gaseous clump with ionized such that the density of
temperature and density  the pre-shock gas fnand
consistent witiH,, cooling shock-wave speed{) model

0"."'t'§r bﬂiﬁi!‘%@r&‘gﬂ il the temp cooling evolution

ed higher density than t " 102t,.,(z=20) ~ 10°vr
Il " SN shock wave T=200K H( ) y

sends a shock | ne Y2 [ um \

ats ardfives the M (IL5) =10 Mg (mﬂem—a) (kams‘l)

2gdiabatically . _
isobarically ! Efficiency of conversion

~ 001}
n = M s € AMapen §

- My M)
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You, me, and Pop |1

o] II 5 halos in epoch 2 ! POSSBLE THEORY (QW):

ble enough to survive  very massive stars explode and
 deaths of the Pdfis enrich the IGM with elements Fe
Pop 11 SNstriggered the

prmation for Pop [1.5 M,/Mo Z/Zo QW SNe* Epoch
op |11 SF triggered
in epoch 1 PopIL.... 2100 <Zu  VMS 1,2

Pop IL5..... > 10 < Zow SN II(L) 2
able to forn PopIL..... =1 > Zuw SNII(H)L,(L) 2.3
2 because GO

nt Irzcé?\lt SN II(L) - low frequenc$Ne, light rf'

| proces=lements and Fe

SN II(H) - high frequenc$Ne, mo

neavyr-proceslements (no
nass stars that barel

e
_
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"he shocking truth about SN and SF .-

ormation

poch 1 and 2, lifetime3

I Use SN rate with respectto z !
' to trace the modes of star

bp lll: use VMS rate between

\ assume all die d&3ISNe
) ] < 260M : SN rate/V

\
\ \ HFSN (11I) = 250 Mg
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1 Mas on and end product

e so far back in
Is calculation
ncertain

Pop II: Extend
simulations for the SFR
that agree out to z ~for
higher z, explosior 20
Myr, divide SFR by rate
of 1 Type Il SN per
~15(M. from Salpeter
IMF

Pop I1.5: SFR# Pop il
SFR with# ~ 1, half
stellar mass goes into
exploding starsavg mass
of progenitor ~ 2M.

| Msw (IL5) ~ 40 Mg
— _._____-:'_-'_:.'-_':.
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(1+2) dN/dIZ [SN/yr/sq.deg.]
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Convert rateper
volume into
observed per unit
time and redshift

Reionizationat z =
7 lower limit for
VMS formation

No magnitude limits
or observational
restrictions

Model simple
abrupt- and |
of more robt
observabl

-




What we can expect from the MW

SomePop I1.5s (~14Gyr #
0.8 M. ) should still be
present in the universe and
visible from the MW

I Uncertainties from the
efficiency of forming Pop 11.5s,
fractioninthe halo, and IMF

Metal enrichment for the
MW

Massin Pop Il.5 stars

Total number in MW halo,
after dividing out the mass
required to live this long,

Number density in the
solar neighborhood
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SUmMmarize

Pop |1l starsradiate in the UV, which dissociates
the H,, and suppresses SF until z ~ 30

Feedback from VMS explosions boost the
universal metallicity, such that after z ~ 15-20,
high mass stars can no longer form

Metallicity is too low for Pop || stars, verging on

too high for Pop |11, SF can only take place in

regions massive enough to cool viaatomic lines or
H,, If dense enough to be shielded from
radiation ## # Popll.5

and Pop |l and |11 together!!
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The Great Suppression

After reionization thevirial
temperature of the IGM was
Increased from ~2& to
~1CPK

Decrease in global Sknd
the formaton oflow-mass
galaxies ixpected
theoretically andif
observed, would confirm
thatreionizationepoch

Use luminosity function,
Sheth-Tormemllipsoidal
mass function to model
starburst galaxies at high
redshift 17



ook to the guasars!

Haver@® detected total
galactic halos ~1BA. at z~6
(T ~ 1¢* K) yet, however,
absorption spectra from high
Z quasars show high IGM
lonization changes on large
scales at all luminosities
I A varianceinthelLy! opticd
depth mimics that of the
background

Fluctuations irfh come
from 1) Poisson noise from
the number of sources in a
mfp volume, 2)
Inconsistinciesn the
lonizing background within
Ve 3) Variation in the Ly
radiation via density
differentials, and 4) density
bubbles along the LOS
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z~5.85

z~5.65

z~5.25

Z~5.45

Probability distributions- or
constraints - for lowest-mass
galaxie€(who significantly
contribute to the ionizing
background) lifetime
(compared to the Hubble
time) with respect to the
minimumvirial temperature

The ratio of these probabillity
distsleads tor ., > 10°K -
whichis possible from UV-
heated galaxy formatioat
high z, but bad foBF in low-
mass galaxies at z~5.5

19



lmpressions fromthe line-up

I Model was expounded upon Predicted tha®sF is suppressed
by adding starbursts triggered in galaxies at redshifts greater
by galaxy andhalo mergers, than z~6

as well as SN feedback | Expect a sharp cut-off in the
| ;raiﬁi\]{\ilggn ";Io; atered optical depth of the IGM that is
I T, <10 ruled out at 95% not observed
confidence leve | Correlation of models only
| Masses below ~26M. are good to ~%o
suppressed by SN winds 1 Potentialto get information

about dwarf galaxies beyond
detection from fluctuations in
the background quasar
continuum
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I Expect to find Pop |1.5 stars as a result of Pop ||
lonization

I Expect to find SF suppression in galaxies due to
relonization

I But high-z is beyond our limits at the timeE .so
we will have to wait to verify!!

Thanksto Prof. Jansen, fellow j-clubbers, grad
peeps, coffee, chocolate, naps, Tatertot,
Indiak .

i
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