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What youÕll findÉ

! Letters to the editor: A bit oÕ background
! Modeling very massive stars (VMSs)
! What radiative/chemical feedback really doesÉ
! 3 populations of stars that really turn it on!
! Are supernovas impacting your SF?
! Closer to home - Pop II.5 in our backyard!
! Suppressed dwarf galaxies that tell all!
! The real conclusion.
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WeÕd like to knowÉ

! First luminous objects were VMSs !  100 M !  at z > 20
(< 109 yr after Big Bang) from DM halos ~ 106 M !

! Note: ~1 M !  stars must have formed as well given the
age of GCs that weÕve observed

! We know from observations that IGM was already
enriched at z ~ 5 and abundance of C IV in the Ly!
forest at z ~ 4.6 suggest heavy metals from VMSs

! The questions: how/when VMSs (Pop III) became
ÒnormalÓ stars (Pop II) - use a cohesive model to
simulate high-z star formation
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Modeling the hot, hot stars

! Because it is important to
know the amount of
radiative, chemical, and
mechanical feedback due
to a VMS --
! high Teff ~ 105K leads to

massive UV radiation,
death as a SN after
~3Myrs

    --we must first
understand their SFR

! ÒSingle-burstÓ star
formation, small to large
scale structure formation
due to CDM model [" m=
0.3, " B=0.045, h = H0/(100km
s-1 Mpc-1) = .7]

! Merger history of DM halos
given by the Press-
Schechter function, SF
when able to cool via
molecular or atomic lines,
with efficiency #* = 0.10
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The enticing SFR density

! VMSs only allowed in
DM halos undergoing
first SF, strong
negative feedback on
the star-forming gas to
reproduce

! Constraint on model:
mergers of halos must
be within a factor of
100 in mass of each
other

! Assume VMS SF over
by z ~ 7, which is ~z
for reionization



14 Sept - Journal Club 5

Radiate for me

! First stars form from 106

M !  DM halos and are
cooled via H2 lines, mass
scale ~100 M !

! Free Lyman-Werner (11.2-
13.6eV) photons are
produced at  ~104 LWs per
stellar baryon from VMSs,
which dissociate the H2

! Estimate the z where low-
mass halo SF, with
molecular cooling, is no
longer possible

    which will designate a
boundary between two
epochs of global star
formation
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! Conservative estimate
(molecular fraction of
gas low, so number of
LW photons needed
an upper limit)

! Simple model leads to
sharp cutoff - reality
much smoother
because of tdiss

! To form stars now,
gas must cool below
~104K via atomic
lines or shielded H2
cooling in dense
regions
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Close-up with dissociation

! 106 M !  uniform,
spherical halo has NH ~ 4
x 1020 cm-2 at z = 30

! MFP of the LW at z = 30
is ~ 10Mpc, halo ~ 30kpc
so travel time ~107yr

! Short compared to tHubble,
uniform LW background
intensity exponentially
increasing as sources
multiply, most molecules
dissociated

VMS life (~ 3Myr)

tHubble
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The chemicals between us

! VMS range 140 "  M "
260 M !  which explode
as pair-instability
supernovae (PISNe) -
heavy elements enrich
host halo !  IGM

             take mixing
           efficiency as
       fmix = 0.05, 0.5

! Mean metallicity
achieved locally in SF
halo, dispersed slower
into IGM - although high
z means smaller volume

! High-mass SF retarded
by metals, such that
Zcrit~10-3.5Z! , creating a
second transition in star
formation

! Zcrit guide for when the
universe goes from
mostly Pop III !  Pop II
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! Second transition
takes place about
15 "  z2-3 "  20

! Metallicity
calculated using both
mixing efficiencies,
and have been
confirmed by a
separate
calculation/paper

! IGM due to stellar
winds also
considered but small
in comparison

fmix = 0.5

fmix = 0.05
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How Pop II.5s keep it going
! Central, self-gravitating

gaseous clump with
temperature and density
consistent with H2 cooling
! Smaller mass yet must still

cool to below ~200K
! Need higher density than

Pop III "  SN shock wave
! VMS SN sends a shock
wave that heats and drives the

gas, evolves adiabatically
then cools isobarically

! Assume that the gas is fully
ionized such that the density of
the pre-shock gas (n0) and
shock-wave speed (ush) model
the temp cooling evolution

 tT~200K "  10-2tH(z=20) ~ 106yr

! Efficiency of conversion

}
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You, me, and Pop III

! Pop II.5 halos in epoch 2
stable enough to survive
the deaths of the Pop IIIs
! Pop III SNs triggered the

star formation for Pop II.5
! But Pop III SF triggered

by a PISN in epoch 1

! Pop II stars able to form
in epoch 2 because of

efficient local
enrichment

! POSSIBLE THEORY (QW):

very massive stars explode and
enrich the IGM with elements !  Fe

SN II(L) - low frequency SNe, light r-
process elements and Fe

SN II(H) - high frequency SNe, mostly
heavy r-process elements (no Fe),
~low-mass stars that barely explode
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The shocking truth about SN and SF

! Use SN rate with respect to z
to trace the modes of star
formation

! Pop III: use VMS rate between
epoch 1 and 2, lifetime ~3
Myr, assume all die as PISNe
when M < 260M" : SN rate/V

! Mass function and end product
are uncertain since so far back in

time, making this calculation
uncertain

! Pop II: Extend
simulations for the SFR
that agree out to z ~ 5 for
higher z, explosion < 20
Myr, divide SFR by rate
of 1 Type II SN per
~150M"  from Salpeter
IMF

! Pop II.5: SFR # Pop III
SFR with # ~ 1, half
stellar mass goes into
exploding stars, avg mass
of progenitor ~ 20M"
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! Convert rates per
volume into
observed per unit
time and redshift

! Reionization at z =
7 lower limit for
VMS formation

! No magnitude limits
or observational
restrictions

! Model simple - thus
abrupt - and in need
of more robust
observables/sims
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What we can expect from the MW

! Some Pop II.5s (~14 Gyr #
0.8 M" ) should still be
present in the universe and
visible from the MW
! Uncertainties from the

efficiency of forming Pop II.5s,
fraction in the halo, and IMF

! Metal enrichment for the
MW

! Mass in Pop II.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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Summarize

! Pop III stars radiate in the UV, which dissociates
the H2 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 II stars, verging on
too high for Pop III, SF can only take place in
regions massive enough to cool via atomic lines or

H2, if dense enough to be shielded from
radiation # # #   Pop II.5

       and Pop II and III together!!
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The Great Suppression

! After reionization, the virial
temperature of the IGM was
increased from ~104K to
~105K

! Decrease in global SF and
the formation of low-mass
galaxies is expected
theoretically and, if
observed, would confirm
that reionization epoch

! Use luminosity function,
Sheth-Tormen ellipsoidal
mass function to model
starburst galaxies at high
redshift
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Look to the quasars!

! HavenÕt detected total
galactic halos ~108M"  at z~6
(T ~ 104 K) yet, however,
absorption spectra from high
z quasars show high IGM
ionization changes on large
scales at all luminosities

! A variance in the Ly!  optical
depth mimics that of the

background

! Fluctuations in $eff come
from 1) Poisson noise from
the number of sources in a
mfp volume, 2)
inconsistincies in the
ionizing background within
Vmfp, 3) variation in the Ly!
radiation via density
differentials, and 4) density
bubbles along the LOS
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! Probability distributions  - or
constraints - for lowest-mass
galaxiesÕ (who significantly
contribute to the ionizing
background) lifetime
(compared to the Hubble
time) with respect to the
minimum virial temperature

! The ratio of these probability
dists leads to Tmin > 105K -
which is possible from UV-
heated galaxy formation at
high z, but bad for SF in low-
mass galaxies at z~5.5

z ~ 5.45z ~ 5.65

z ~ 5.25

z ~ 5.85
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Impressions from the line-up

! Model was expounded upon
by adding starbursts triggered
by galaxy and halo mergers,
as well as SN feedback
! Tmin was not altered

significantly
! Tmin < 104K ruled out at 95%

confidence level

! Masses below ~1010M"  are
suppressed by SN winds

! Predicted that SF is suppressed
in galaxies at redshifts greater
than z~6

! Expect a sharp cut-off in the
optical depth of the IGM that is
not observed

! Correlation of models only
good to ~1%

! Potential to get information
about dwarf galaxies beyond
detection from fluctuations in
the background quasar
continuum
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! Expect to find Pop II.5 stars as a result of Pop III
ionization

! Expect to find SF suppression in galaxies due to
reionization

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

Thanks to Prof. Jansen, fellow j-clubbers, grad 
peeps, coffee, chocolate, naps, Tatertot, 

IndiaÉ .

#


