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https:/ /en.wikipedia.org/wiki/Local_Group

What are / Why UFDs?

UFDs are small (< 105 Lsun)
satellite galaxies.

UFDs are old.
Good probe for high-z galaxy.
Stochasticity: “0 or 1 r-process”.

Small but important !
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Why Barium? "l

Normalized to solar

15 ® ° Ba
* A Neutron-capture element that is 1.0} o
— 0.5
Easy to observe. 9 00
<X —0.5F oo s ik
+ Bais detected in 16/16 UFD I R 2 2
» Ba is detected in S. s Ty
—2.0f ¢
+ A solid theoretical framework: r/s A E—
Hansen+20 [ Fe/ H ]
process
1.50 Se o
B C t. ~107 f = ~907 [ 1.00} | | S .
aveat. o ITOIM I process, 0 % 0.50 I % Os
Pt
from s-process. oo | o
. m,,t | ‘ \
: ; é—. ' ” /.f Eu
+ We need to take into account the g 150 \ v
: : = 22.00 I
contribution from both r-process  * | o= !
and S-pI‘OceSS P00 80 100 120 140 160 180 200 220
MASS NUMBER A

Cowan&Thielemann04



Rarity of r-process

* The scatter of [Eu/Fe] among halo
stars is quite large compared to other

elements.

+ Only 3/16 UFDs have Eu detection.

* — r-process event should be rare

and prolific.
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Ba in UFDS D — 1Ogm[ﬁ);
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Normalized to solar

Stars with Eu detection have high Ba. Abundance is
consistent with the “rare, prolific r-process event”.

What is the origin of Ba
in “no r-process” UFDs?

Can AGB stars explain
the Ba abundance?

Com Ber

Ret I, Tuc III, and Gru II have Eu-detected stars
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Normalized to solar

Motivation

+ What is the origin of Ba in “no r-process” UFDs?

+ UFDs quench within the first 1 Gyr, weaker AGB
contribution than Milky-Way.

+ Can AGB stars contribute to the chemical enrichment of
UFDs?

Hansen+20



Ny
Ny
Normalized to solar

Method: simulation

Code: AREPO

Auriga galaxy
formation model 10

Time evolution of stellar mass

o
o

Ba only from AGB
stars

o
o

Prepare two UFD
progenitors with
different star formation oz
history: “large” (2x104 Ny T I
MSUH) and "0 200 400 6%%smic8:goe[M;S]OO 1200 1400 1600

“small” (3x103 Msun).
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—— Large UFD
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Results: [Ba/Fe] value

+ [Ba/Fe] is too low.

* Keep forming stars for a long
time?

+ However, the star formation
durationet [arsc UIEDE 3
at the longest end of UFDs.
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Results: [Ba/Fe] scatter  *"="*[5

Normalized to solar

Large UFD
If star formation duration is virproceiE*  # 300
long (> ~500Myr), [Ba/Fe] e
scatter would be too large.

400

The standard model fails to 300

reproduce the Ba abundance. 200
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Results: additional Ba source

* Adding 3x10-1° Msun of Ba
from massive stars per 1
Msun of stars formed

« [Ba/Fe] roughly matches
while keeping [Ba/Fe]
scatter small.
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Discussionl: What is the origin of Ba in UFDs? Sl [NY

Normalized to solar
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» super-AGB stars?

+ Hven with recent yield (Doherty+17) Ba abundance is not
reproduced.

+ Rotating massive stars?

+ The model uncertainty is still quite large and may
reproduce Ba abundance. Further observations (such as
the rotation of OB stars) can constrain better.

+ Halo stars are mostly r-process dominant. However, super-
AGB and rotating massive stars are s-process.

> Ir-process or S-PI‘OCESS?I we need observation!



Ny
Ny
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Discussion2: Diversity among UFDs

* What is the origin of the diversity of [Ba/Fe] among UFDs?

* Possible tactors: 1. yield, 2. IMF, 3. SFH, assuming well-sampling.

+ Since [Fe/H] is similar, 1. and 2.

should be similar. 1.5}
1.0}
« SFH is important if delayed — 05
source (like AGB) is important, & g'g
but AGB has shown to be < 1ol
subdominant, and there’s no ~1.5f
other candidates —2.0¢
24 3 =2
+ Rare event??
> Original figure: Hansen+20 [ Fe/ H ]
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Normalized to solar

Conclusion: We need something.
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* Tweaking IME.

[Fe/HI
Another source

+ Some other Ba source.

* It should produce 3x10-10
Msun of Ba from 1 Msun of

stars formed.
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Ba modeling in Milky-Way "'~ e

Normalized to solar
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* Rizutti+18: Rotating L T e T T
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Results: Modity IME

* Choosing IMF with smaller number
of massive stars, [Ba/Fe] can be
adjusted

+ [Ba/Fe] decreases as [Fe/H]
increases, as type-Ia is not negligible
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Discussion1: Comparison to MW "'~ o[ 3,

Normalized to solar

# The origin of Ba is “main” r-process and “main” s-process.
* — (NSM or some other r-process) and (low-mass) AGB stars.

* The stochasticity of r-process diversify [Ba/Fe]: MW should
be somewhere between Eu-detected and other UFDs.

1 NSM: Lucky
+ If we fix [Fe/H]: o - -

o

* MW is at higher density peak. i

o =
L OF
ST .
S ;
(an]
)

* MW is larger than UFDs because of larger 20
mixing mass. Evolution+47

w /o stochastiiity
+ — Stochasticity (“0 or 1”-ness) is more S

important in UFDs than in MW. 0 NSM: unlucky




