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+ GRE Hosts LGRBs are often cited as potentially powerful
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* GRB Hosts

- populations
- high-z utility
- biases? m
* Metallicity

- cutoff?

-local Z?

- energetics?

* Looking Ahead

...stronger winds at
higher Z lead to more
angular momentum
loss.

Diminished core
rotation should
prevent LGRB
production in
high-Z hosts.




Maximum host Z?

Nearby (z<0.3)
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- Looking Ahead
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Maximum host Z?
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- cutoff?
- local Z?

- energetics?
- Looking Ahead

The simplest
collapsar model
predicts a cutoff
metallicity.

Instead the hosts:
- show no cutoff
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- GRB Hosts Masxdmum heost Z2 Low local Z°

- populations

_ high-z utilit .

bisess || - are these “global” metallicities accurate

* Metallicity estimates?

- cutoff?

- local Z? m . . .

- energetics? - how does the explosion site environment
- Looking Ahead || compare to the galaxy as a whole?

GRB 060505

Christensen et al. 2008 Thone et al. 2008
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- GRB ?osts Maxdmum-hestZ2 Low local Z?
- populations
: Eigh-z uility || GRB 100316D: very nearby (z = 0.06) GRB/SN
- biases?

+ Metallicity Two longslit spectra across the host complex,

- local Z? 1 centered on the explosion site
- energetics?

* Looking Ahead

E  GRB100316D - “site”

Levesque et al. 2011



] %Esuﬁgis Maximum-hest-Z2 Low local Z?

:ll;iigshe-:putility GRB 100316D: very nearby (z = 0.06) GRB/SN
 Metalllcity Two longslit spectra across the host complex,
:gggzeiics? 1 centered on the explosion site and the

. Looking Ahead || €Xtended host emission.

GRB 100316D - “host”

Levesque et al. 2011



Maxdmum-hestZ2 Low local Z?

- [N”] “Site” %

* Metallicity

- local Z? - ' ' " [on] 5007
3 HB

- energetics?
- Looking Ahead
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Maxdmum-hestZ2 Low local Z?

* Metallicity
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- local Z?
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- Looking Ahead
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- Looking Ahead
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Maxdmum-hestZ2 Low local Z?

* Metallicity

- local Z?
- energetics?

- Looking Ahead
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- From current sample, “host” and “site” metallicities are
comparable, with “site” metallicities slightly lower

- What does this mean for larger host studies?



- GRB Hosts Maximum-hestZ2 Low local Z?
- populations
b i : :
biwes || - More studies of LGRB and GRB/SN explosions
* Metallicity sites are required
- cutoff?
- Tocal Z? :
_energetics || - Three more nearby galaxies offer excellent
 Looking Ahead || opportunities for future study...
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. * 060218
|
Starling et al. 2011
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Starling et al. 2011 3 q

Starling et al. 2011




- GRB Hosts Maxamum heost Z2 Lowleeal Z2 Effect on energetics?

- populations
- high-z utility
- biases?

* Metallicity

- cutoff?

- local Z?

- energetics? -

* Looking Ahead

Pg

We should
also consider
the energetic

properties of
LGRBs.

E, o = assumes a quasi-spherical burst
0, = opening angle of the GRB jet
E =E X (1-cos(6j))

Y,1S0



Maximum heost Z2 Lewloeeal Z2 Effect on energetics?

I

030329 Stanek et al. 2006
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* Metallicity

- energetics? . oical
. -O0SIMOologlica
- Looking Ahead '

We should
also consider
the energetic

properties of
LGRBs.

8 8.2 8.4
Oxygen abundance [12+log(0/H)]

From anticipated metallicity effects on massive stars, LGRBs
at higher metallicity SHOULD have lower E, ;, and/or E,




: LowloealZ2 Effect on energetics?
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* Metallicity

- energetics?
- Looking Ahead

We should
also consider
the energetic

properties of r=0.08/0.10

pP= 0.78/0.72 metallicity error
1 1 L l 1 L 1 l I 1 1 l 1 1 L 1 1

8.2 8.4 8.6 8.8
R,5 (log(O/H) + 12) Levesque et al. 2010c
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However, we find no statistically significant correlation
between host galaxy metallicity and E

,iso




i Lowleeal Z2 Effect on energetics?
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* Metallicity

- energetics?
- Looking Ahead

log(E, x 10> erg)

We should
also consider
the energetic

properties of r=0.16/0.32 ’ .

- p =0.64/0.34
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metallicity error
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However, we find no statistically significant correlation

between host galaxy metallicity and E ;. , orE..
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* Looking Ahead
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- GRB Hosts Maximum-host-Z2 Lowloeal Z2 Effecton-energeties?
high: lzaﬂgﬁiy So what DOES metallicity do?...

.'E:f:ﬁzcity The modern LGRB progenitor model must:
1:{{%;%@ 1. be more common at low metallicity

. Looking Ahead 2. Still be present at high metallicity

3. not directly connect metallicity and E,

* other progenitor scenarios?

CE Envelope (H)

Podsiadlowski et al. (2010)



So what DOES metallicity do?...
The modern LGRB progenitor model must:

1. be more common at low metallicity
. Looking Ahead 2. Still be present at high metallicity

3. not directly connect metallicity and E,

* other progenitor scenarios? Gamma-ray Bursts
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So what DOES metallicity do?...

The modern LGRB progenitor model must:

1. be more common at low metallicity
. Looking Ahead 2. Still be present at high metallicity

3. not directly connect metallicity and E,

* other progenitor scenarios?

* other energetic signatures?
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e other models of stellar
evolution and rotation?

rotating
— — — non-rotating

45
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from Ekstrom et al. (2012) '°9(Ten) (K)




- GRB Hosts Looking ahead...

- populations .« ..
i i Effects of rotation:

- biases? Longer MS lifetimes
. Metallicity
- cutoff?

-local Z? Larger post-MS masses
- energetics?

* Looking Ahead

; Larger WR mass range

Broader range of WR ages
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- biases? Longer MS lifetimes
* Metallicity
- cutoff?

-local Z? Larger post-MS masses
- energetics?

- Looking Ahead

; Larger WR mass range

Broader range of WR ages

decoupled interior

Newest models consider Z=Z; stars
with v, . = 0.4v_;, (Ekstrom et al. 2012)

» perfect differential rotation over-
predicts the LGRB rate!

from Georgy et al. (2012)
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- populations .« ..
_high- utility Effects of rotation:

- biases? Longer MS lifetimes
. Metallicity
- cutoff?

-local Z? Larger post-MS masses
- energetics?

- Looking Ahead

; Larger WR mass range

Broader range of WR ages solid-body interior

Newest models consider Z=Z; stars
with v, . = 0.4v_;, (Ekstrom et al. 2012)

» perfect differential rotation over-
predicts the LGRB rate!

* a strong interior B-field (imposing
solid body rotation) over-restricts it

from Georgy et al. (2012)



- GRB Hosts Looking ahead...

- populations .« ..
i i Effects of rotation:

- biases? Longer MS lifetimes
. Metallicity
- cutoff?

-local Z? Larger post-MS masses
- energetics?

* Looking Ahead

; Larger WR mass range

Broader range of WR ages

moderate coupling

Newest models consider Z=Z; stars
with v, . = 0.4v_;, (Ekstrom et al. 2012)

» perfect differential rotation over-
predicts the LGRB rate!

* a strong interior B-field (imposing
solid body rotation) over-restricts it

* reality suggests internal differential
rotation with moderate coupling

from Georgy et al. (2012)



- GRB Hosts Looking ahead...

- populations .« ..
i i Effects of rotation:

- biases?

- Metallicity —> Harder ionizing spectrum
- cutoff?

- local Z?
- energetics?

* Looking Ahead i




Looking ahead...
Effects of rotation:

—> Harder ionizing spectrum

- Looking Ahead
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Looking ahead...

Hubble time (Gyr)
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Looking ahead...
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* GRB Hosts

- populations
- high-z utility
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* Metallicity

- cutoff?

- local Z?

- energetics?

- Looking Ahead H

Looking ahead...
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 GRB Hosts

- populations
- high-z utility
- biases?

* Metallicity

- cutoff?

- local Z?

- energetics?

* Looking Ahead

Looking ahead...

1. What are the progenitors of LGRBs?

2. How does the nature of these

progenitors impact the host galaxies
selected by LGRB detections?

3. How does the nature of LGRB

progenitors impact their use as star
formation probes out to high redshift?
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- populations

- high-z utility

- biases?

* Metallicity

- cutoff?

- local Z?

- energetics?

- Looking Ahead




