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R-process enhanced elements —

Rare Supernovae

—— Neutron Star Merger (confirmed)

High resolution spectroscopic in Halo + Dwarfs
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1. Halo & Dwarfs —> Hierarchical
formation history

Large scatter below [Fe/H] = -2 can be
explained by rare events

All UFDs have very deficient values of
r-process element, except for Ret I,
which have highly r-process enhanced
stars —> rare prolific event

Normal dwarfs have variations in r-
process values —> multiple events

Inhomogeneous mixing in UFD

Motivations:

e Understanding UFD as the host site of r-l
stars from the stellar halo (the birth
environment and enrichment scenario).

e Yields? Frequency? Natal kick velocity?
Dominant channel and Abundance
patterns? (NS+BH, NS+NS, SN)
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Preliminary Results

1. Identified 3 significant substructures in very metal-poor star
catalog

2. Found an r-ll star associated with one of the substructures
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Method and Applications



SELF-ORGANIZING-MAP (5OM)

iteration =0

s e Ml LN £ L/ [55Y
\ AA z
A
A A i
P A A 4
40 } 4
A A A
y A X A
A A A
Y A A
Y A
§ : 2
30 B o A 2 X a
) A A
A A A A A A
aa A A A
A A A A Ban
20 ab A 4 " 2 a
A 8
A, A AA A A
P A AAAQ A A Ap
22 A
A A 24 A
10 A an L
,Aﬁ DA B, o A A
A O N
o A AAA a7 A A A
AA 3
AT ANA




SELF-ORGANIZING-MAP (5OM)

iteration =0

s e Ml LN £ L/ [55Y
\ AA z
A
A A i
P A A 4
40 } 4
A A A
y A X A
A A A
Y A A
Y A
§ : 2
30 B o A 2 X a
) A A
A A A A A A
aa A A A
A A A A Ban
20 ab A 4 " 2 a
A 8
A, A AA A A
P A AAAQ A A Ap
22 A
A A 24 A
10 A an L
,Aﬁ DA B, o A A
A O N
o A AAA a7 A A A
AA 3
AT ANA




e 30

SELF-ORGANIZING-MAP (5OM)

R

. iteration = 0
05 rl-&uuu CEE A A am m e M w2 LN s
- ) “a i
-1.0 A
§ o A
%0 _-_:_‘:',':'*;:'-'.':"' " ~ 2.0 A A ‘
T o S O 40 3 .
o :(.‘. ..~‘:"..: '..-.:‘a,::. . 7 ..152'0 A A A
pos ol ® - 7 10 \ A A A
o o WA A A
e T 05 A A A
20 o - > - 3 A A
8y E A
)

1.2

1.0

> >
[>l>
>
[l >l >
>
>
>
>
> >
>
>
>
BD
>

0.8

0.6

10

<
B >

0.4

0.2
A AA & A j
0 RARAANARNA T ANA

0.0

40 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 0 10 20 30 40




1.
2. Discovery of the new component of the

StarGO on the Outer Halo Catalog
In the space of
(E, L, theta, phi)
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3. Confirm the association between Cetus

80

60 [yt

60 | zos

—40

and NGC 5824

Mp Halo Cat
Sgr(KG)
© Sgr(BHB)
®s e 05(KG)

@ OS(BHB)

Mp Halo Cat
e CPS(KG) e
® CPS(BHB)
R °®
% % ®
! )
: R X
® “ . ®
BELE At
ol S8l Ry
I N Ry ) :* gk~
' SO e 5 R,
o196 O
s ¢ + ) -
‘9.9 E . e
@° o
HeNGC 5824
150 100 50 0 -50 —-100 -150

e

A easy tool to check the associations
between substructures & GCs

-0.82.0 -18 -1.6 -14 -1.2 -1.0 -0.8

Aitoff projection of L
= (¢rbital direction)

.. Retrograde

0.6
-150£120°-90* -60° -30° 0°  307"60° 90*120°150°
e S i
0.4 -15° o ¥
i A o
0 45°
0.2 gv"# » 60° 75°
B
i Prograde
0.0 * T
b -* lic
J-—J
75°

08 60°
® 45°
8 %
~J
< 0.6 15°
= -150%120%-80° -60° -30° 0°  307"60° 90°120°150°
3 O '*i S L -
o m s . g
\ll 04 = = xa ;:ﬁ\m

_30:‘ 2y ¢ =

~ tere

s
- -45°
o -60°
0.2 — i -75°
56348
e v

0.0
11]-] llic
08 e
ase
-
06 15°
0° -1507120°90° '6(3"30“ o JU"_§Q° 90°120°150°
> " e’ ;
0.4 o g Be {5 :
ee ‘-' 30¢ sy, ¢ ’
45°
0.2 - T3 -60 -75°
"..“‘&."{‘—‘f‘; .o
e 4
%90 0.2 0.4 0.6 0.8 10

(E— E2 5%)/ AEoss

A-—‘w
Yuan, Z. et al. 2019 submitted




Back to the VMP Groups



StarGO on LAMOST VMP in

the space of (E, L, theta, phi)
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Searching members from 20 Groupo 150 o MP
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1.  Contamination from smooth halo
background is ~ 10%

2.  Other mergers may contaminate more on
the high metallicity end ([Fe/H] >= -2)
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