Dwarf galaxies don't just form stars, they have
BURSTS of star formation. We're looking at
the chemical evidence left behind.
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7o) SUMMARY

@ Dwarf galaxies are weird. They have episodes where they

form lots of stars, and then quiet periods where they don't.

We're using the chemical composition of their stars to figure

out the timing of these “bursts” and “quiet” phases.

TL;DR: Star formation in dwarfs is like a flickering candle, not a

steady flame, and we can read the history in the stars’ chemistry.
WHY BOTHER?

), The Chemical Clue!
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So, how do we find these chemical clues?
We build o SIMPLE MODELI

A Recipe for a “Toy” Dwarf Galaxy

X
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THE INGREDIENTS:

] Burstsl
- Bursty Star Formation: T,\]\f\%uiet".
>

Stars form in quick episodes. gpy

- Two Element “Factories”: i:‘.;:i‘
(1) Fast Factory (CCSNe):
Makes a-elements (like Mg) INSTANTLY.

(2) Slow Factory (SNIa):
Makes Iron (Fe) with a DELAY.

The math for the iron *delay* time.

A HUGE SIMPLIFICATION:
171 We assume the total amount
_Jof gas available is CONSTANT,

It's like a "closed box" that
moves with the galaxy.




Let's see what our “Toy” galaxy predicts!

\ We'll compare our model to a real galaxy:
SCULPTOR dSph (our benchmark)
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duration of 2 Gyr .
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Iron (FE) Iron keepg bu;‘fdfng up (9 fempoml “resnlution"... is limited
during QUIET times... by the minimum delay time for Type

Ias , which is 100 Myr
Fe/H continues to accumulate e v o y

from Type Ia supernovae LIMITATION: Our chemical “clock”
during quiescent periods can't resolve bursts faster than
J ~100 Myr (the SNIa delay)
This creates "gaps” in the k) APOGEE
chemical plot! Ny We'll compare to high-quality

data from this survey.



Here are the results from our “Toy” mode sl

Bursts create
/ these JAGGED
tracks!

Smooth track
= No bursts

What would we actually observe?

BURST!
¢~ CCSNe add lots of
| Mg & Fe, [Mg/Fe]
v Jjumps up. :
_— Instant bursts give
/, 3 | \sharper “teeth”
QUIET TIME: %A
SNla add Fe, so oot

[Mg/Fe] drops.

/! ol ...leaving GAPS where
no stars formed.

This clumpy pattern matches

what we see in Sculptor!

Stars form in distinct
CLUMPS during bursts...
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How fo Find the “C|umps" (Bursts) in the Data

> The “ﬂap" is the empty space

between clumps!

N Clump ; & Clump ‘S
(Burst 1) (Burst 2)
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28 (A[Fe/H])
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Time between bursts =

More Iron (from SNe Ia) = Biﬂger Gap!
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Quiet Period

GMMs: Like un-mixins
different colored candies!
They find the hidden groups.

Why GMMs? Becouse they assume
the data is a mixture of blobs, which is

emc.ﬂy what our bursts create!



Putting our ‘Un-mixing’ Tool (GMMs) to the Test!

Simulation (MNeemgie = 150, & = 0.05) Simulation (Neamgie = 1000, @ = 0.05)

Starburst Star Formation

Starburst Star Formation
Continuous Star Formation

Coantinuous Star Formation

Bursty models prefer
MORE than 1 blob.

¢ . ’

Smooth models

AIC Score

/

Lower is
| 2 3 4 6 : 3 4 5
(LBIE:t;.c;f} r of 'Blobs' (Components) in the Model

So, the tool works on fake data!
It can tell the difference.

prefer JUST 1blob.

Sculptor dSph Data

\

Real Data
Smoothed Data

~ Real data prefers
" MULTIPLE blobs!

N

EVIDENCE for
BURSTS in a
REAL Galaxy!

AIC is like a referee
trying to find a balance.

/ Good

Fit \

Complexity
—

It rewards a model that
fits well, but penalizes it
for being too complicated
(too many blobs).

If the best AIC score is for MORE than

S 1 component, it means those "blobs" (and
P
therefore the bursts) are likely REAL!



The Moment of Truth: Applying our tool o a REAL Galaxy (Sculptor)!

&———_ Real dataisn't

smooth...

it's CLUMPY!

O (These are the
O "blobs" our tool

is looking for)

A MATCH! The
e, W real data (blue)
() overlaps with our
= BURSTY model
(red) surprisingly
well.

Another view:

¥~ These multiple
ﬂ "bumps” in the
metal count are

the same clumps

/'\ {\ seen above.

We need LOTS of stars to

see these clumps clearly.
~~ Future big telescopes (like
ELTs & Subaru PFS) will be
game-changers for this!




We used real chemical data from the
< APOGEE survey for stars in the Sculptor
=

dwarf galaxy... Our AIC “referee”

(from a few pages [—
back) confirms: ”}
A

a model with multiple
bursts fits the real
Sculptor data much
better than a smoo-
nooth, continuous one.

)

=

..and carefully selected stars that are
definitely members of Sculptor (based on
how they move) to avoid contamination.

The text here is analyzing the

plots we just saw on the previo-

us page. The chemical “bumps”

in The real data are our real

and match our “bursty” model! Interesting detail: The real data
is even "burstier" than our simu-
lation! We think this is because
real galaxies have varying amounts
of gas, while our simple model assumed
it was constant.

..-‘J
L We checked our results against

other independent studies, and they
agree! This gives us confidence
in our findings.

TIME TO WRAP
2 UP & DISCUSS!

C
Summary of our main contribution:

We built a theory showing how bursty
star formation leaves a unique
‘fingerprint’ in a galaxy's chemistry.



Let's zoom in on ti':e details
of this ‘fingerprint ...

UNIFORM = SMOOTH.
BURSTY = CLUMPY! - /_ (No distinct piles)
(Distinct chemical ‘piles’)

\ I

S - @ Without Type la Supernovae (the ‘slow’
iron factories), the clumps are much

e e less clear! The ‘gaps’ get filled in.

Shorter gaps =
fuzzier clumps.

\

Chemical\\ Other
/’ Method Methods
Our chemical method acts like a

high-resolution camera, seeing short, sharp
bursts (~100 Myr) that other techniques miss!

: wL

\rt'/

Longer gaps = very
distinct clumps!

This links our local dwarf galaxy

More time allows the 'slow’ iron factory work to what JWST is seeing

{T’pr Ia SNE) to work during QUiET pEf‘iOdS* in the distant, eqr|y universel
work during quiet periods, creating bigger

chemical gaps between the bursts.

Basically, the chemistry
records the history of star
formation like tree rings...
but with EXPLOSIONS!



We *thought* [Mg/Fe] (alpha-elements) would bea - |
good indicator, but the signal is too small and gets i&
/ "washed" out” easily. Iron ([Fe/H]) is better!

QUANTIFYING THE GAPS:
The size of the chemical gaps
tells us the time between
bursts!

Crucial Detail: To match the real
YT 0 Sculptor data, the time between
bursts had to INCREASE over time
(from ~150 to ~450 Myr).

BROADENING THE SEARCH: \£Z,
Now we look for these y* =

"starburst signals” in ¢
other dwarf galaxies.

Figure 5 (next page!) will show
us what to look for.



OK, let’s check our = CAVEATS & LIMITATIONS

L g (Honesty is the best policy in science!)
“starburst signal” against
OTHER dwarf galaxies...

> Ef‘WLM & Carina: Predicted
chemical gaps generally th o
match observations! (Score!) T L. The SN Ia Clock™ is Slow:

Our method's time reqnluﬁop is
Reticulum II: A bit of a limited by the delay time of
@ puzzle. Might need to Type Ia supernovae. We can't
4 djus’r.uur model (e.g., gas see super-short bursts.

loading factors).

PREVIEW OF FIGURE 5 (It's coming!):
This ﬁ?ure will show us the

predicfed ‘fingerprint’ of these
gaps in the chemical data. Keep
an eye out for the ‘dips’!
‘/“'--._
MODEL REALITY

2. The ‘Constant Gas’ Assumption Again:
Remember that ‘effective mixing gas
mass’ (Mg,eff)? Assuming it's constant
is a BIG simplification. Real galaxy
plumbing is messier.



Pu‘r’ring our model to the test with real dm‘a!

Galazy Slgse (Gyr) |Fe/H] Obeerved [Fo/H] Gap Predicted |Fe/H] Gop® Referenc

‘j/ :,:; Seulptor HJ{J] |13 [H 0.20 — 0.26 0.20 This Wo L
WLM 0.3 0.26 1
El‘eﬁ?'hl o'  Carina u 3 0,35 0,36 23
gﬂﬂ mﬂtc . Reticulum 11 3 I. t I 2.6 £ 0.1 0,04 1.09 (0.65" | 1.5
24 Missed this one. Needs

Comparing what we see vs. u better “plumbing”
what our toy model predicts. model (as noted before).

Here's the “fingerprint” plot we previewed!

The “"Chemical Gap Map”.
o~ Size of the
Initial T N Chemical Gap
Metal Our model’s (How big
Content prediction shown Real galaxies the “dip” is).
(“Sfur’rin in color. plotied on top. They
A ) ) mostly fall where
ingredients”). expected!

Sl Reticulum Il is still

the ouflier here.

< Time between starbursts
("Sleeping time").

THE BIG PICTURE WRAP-UP.

1. Bursty star formation creates
' clear ‘chemical gaps’ & ‘clumps’.

. 2. These su_:;T nals are created by the
delay of Type Ia Supernovae.

3. The good news: These features
vﬁ are BIG enough to see with
telescopes we have right now!



THE FINAL VERDICT ON SCULPTOR:

/1. Stats & Sims confirm:
Star formation was
BURSTY, not smooth!

. Sculptor took naps

2. Sculptor took ‘naps’
(quiescent periods) lasting
~150-450 Million Years.

/3. Matches what JWST sees in
other galaxies (‘miniquenching’)
& extends it to fainter ones!

WHY THIS MATTERS FOR THE FUTURE:

Current models are too ‘smooth’.

We need ‘bursty’ models to interpret
data from upcoming BIG telescopes.

Our simple theory is a foundation for that!

Science happens in
interesting places! Shout out
to the marsupials & rabbits

at ANU in Canberra for
the ‘serene environment’.
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“THE FOUNDATION OF IT ALL:
7 == ?

STANDING ON THE SHOULDERS OF GIANTS!

A PhD is basically just
reading a lot of papers...
and then adding one
more to the pile.
Thanks to everyone
who came before me!




( And the list goes on... and on...

It really highlights how every new
paper is just one small brick in a
massive wall of knowledge built by
L’rhuusunds of others. Truly humbling.

ﬁ-luge. respect for Open Science
initiatives! i Publishing in open-access
journals means anyone, anywhere can
read this research for free. That's
Uuw science *should* be! J

- l . Alr‘igh‘t, that's o wrap!
Thanks for joining me on
this ote,e_p dive into the
messy, bursty lives of
dwarf 5'&'&251&3. It's been fun!

=T

Now, time For a nap... =
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