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Recent observatuons

# 1. n-capture elements in Sculptor
» ESO’s VLT, FLAMES /GIRAFFE, FLAMES /UVES
» 2.3x10% Msun

“ 2. n-capture elements in Milky-Way

» GALAH survey, APOGEE survey

+ 3. Eu detection in Grus II (3rd UFD with Eu)

» LCO’s Magellan-Clay telescope, MIKE spectrograph

* 3.4x103 Msun
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|. n-capture in Sculptor

SFH is different from
MW

elements are

delayed compared to
e

r-process elements are
similar to a-elements

weak-s and main-s
seems to be different.
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2. n-capture in Milky Way

* high-Ia and low-Ia
behave differently: all the
n-capture elements have
delay, including Eu.
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3. Eu detection in Grus 11

Third UFD with Eu

Consistent with r-
process pattern
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Motivation

+ What can we learn from recent UFD observations?

+ Ba, Sr abundances of UFDs are lower than MW stars.

* Theoretically, UFDs are different from MW.

+ UFDs are small, “0 or 1 r-process”.

« UFDs quench within first 1 Gyr, weaker AGB contribution.
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* We need more Ba to explain [Ba/
+ Extended SFH galaxies have

+ It catches up at z=0 or [Fe/H] = 0. _6‘

[Ba/Fe]

Fe] of UFDs.

higher [Ba/Fel].
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How can we reconcile?

15 ® ° Ba

* What should we reproduce? (1)2 Ly
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[Ba/Fe] scatter

« If star formation duration is
long (> ~500Myr), [Ba/Fe]
scatter would be too large.

+ Possible solutions are...
* Quickly quench.

* Enhance Ba production in
(relatively) massive stars.
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[Ba/Fe] value

If star formation duration is
short (< ~500Myr), [Ba/Fe] is

too low.

[Ba/Fe]

Possible solutions are...

« Keep forming stars for a

long time.

* Modity yield.
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Constraints

Large UFD
2 :
+ In terms of [Ba/Fe] scatter, e M T 800
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Enhance Ba production
Griffith+20
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super-AGB stars

* Assuming SMsun < M* < 7.5Msun
experience super-AGB phase, yield is from
Doherty+17, Z = -0.7 model

* [Ba/Fe] is enhanced, but not enough

« If sSAGB were 10times more efficient, [Ba/Fe]
seems consistent
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* Assuming 3x10-9 Msun of Ba

is formed per 1Msun (following
Griffith+20, originally Limongi&Chieffil8)

Rotating massive stars

+ Too many Ba.
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Rotating massive stars

* Assuming 10 times less, [Ba/Fe]
seems consistent with observation.

* However, with this yield we
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Modify IMF
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Discussions

* On the contribution of r-process to Ba

“ On the diversity of Ba abundance among UFDs



Discussion 1: r-process?

« HEDs: - - 1051 sun

“ r-process: rare and prolific.

* To explain high abundances in Ret-II

* To explain large scatter among halo stars

* Roughly consistent with 1/105 Msun of stars formed

* — High [Eu/Fe] in Ret II, Tuc IIl and Gru II can be
understood as “0 or 1”7 event of a prolific r-process.



Discussion 1: r-process?

Cescutti+06

¢+ At[Fe/H] <-2r-
process 1s
important.

* Roughly explains
[Ba/Fe] - [Fe/H].

“ r-process is from
massive stars. Not
rare nor prolific.

| Mod | s-process Ba r-process Ba | s-process Eu r-process Eu | 5
I T.-3M, 12 - 30, none 12— 300, Cescutti+06
Busso et al.(2001)ext. yields table 3 yields table 3
2 1.-3M, 10 — 25M, none 10 — 25M,
Busso et al.(2001)ext. yields table 4 yields table 4
3 1.5 -3M, 8 — 10M, none 12 - 30M,
Busso et al.(2001) Xuev =5.7-107°°/M, yields table 3
(Travaglio et al. 2001)
4 1.5 -3M, 10 - 30M, none 8 —10M,
Busso et al.(2001) yields table 3 XV =Gl 1077/M,
(Ishimaru et al.2004 Mod.A)
5 1.5-3M, 10 - 30M, none 20 - 25M,
Busso et al.(2001) yields table 3 Xrew = 1.1-107° /M.
(Ishimaru et al.2004 Mod.B)
6 1.5-3M, 10 - 30M, none > 30M,
Busso et al.(2001) yields table 3 X' =178- 1077/M.,
(Ishimaru et al.2004 Mod.C)
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Fig.6. The data are the same as in Fig. 5. In this Fig. we show
in solid line the model 1 and in dashed line the model 2 (models

2

[Fe/H]

are described in table 2) predictions.

2
[Fe/H]

Fig.9. In this Fig. we show the ratio of [Ba/Eu] versus [Fe/H].
The squares are the mean values of the data bins described in
the table 6. As error bars we consider the standard deviation
(see table 6). The results of model 1 are rappresented in solid
line, the results of model 2 in long dashed line (models are
described in table 2).



Discussion 1: r-process?
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+ If we fix [Fe/H]: 2

Discussion 1: r-process?

* 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 diversifies [Ba/Fe]l: MW should
be somewhere between Ret II (, Tuc III) and other UFDs.

1 NSM: Lucky

<

= MW is at higher density peak.

ool 2
. N
* MW is larger than UFDs because of larger g |
mixing mass. Evolution+7
w / 0 stochasttdi

i . - .2 Fe/g
+ — Stochasticity (“0 or 1”-ness) is more o e, e _1,[0 |

important in UFDs than in MW. 0 NSM: unlucky




Discussion 2: difference among UFDs

« If we assume that IMF depends only on metallicity, IMF should be
similar in any UFDs.

* How can we make UFDs with diverse [Ba/Fe] (-0.5 ~ -2.5), except for
Ret II, Tuc III and Gru II?

+ SFH: Galaxies with long star formation duration has higher [Ba/Fe]
than lower ones. However, it enhances scatter within each UFD.

* The r-process: All the UFDs with [Ba/Fe] ~ -0.5 actually have Eu
from the stochastic r-process, but below the detection limit.

* Another stochastic event: It can be r- or s- process. Roughly 1/104
Msun of stars formed

# Or, IMF depends on other conditions?



Conclusion

+ Low [Ba/Fe] of UFDs (than MW) can be attributed to two

facts:

+ Short star formation duration.

* No r-process contribution.

+ We need to enhance Ba production.

* Only super-AGB seems not enough.

* Top-heavy IMF seems to have an opposite effect. However,
we can tune the IMF to reproduce Ba abundance.

» Rotating massive stars seems too much (?)



Results, MW-like
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dwarf & UF
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