TABLE 2
IsoToPiC ZIRCONIUM ABUNDANCES

Zr/Zr (per cent)

Star Sp. Type Mode* System i= 90 91 92 93 94 96
R And S6,6e E B-X 32 18 14 7 14 <5
E p 40 12 21 4 22 <2

G B-X 36 11 14 7 30 <2

BIAnd  S8,8 a B-X 48 14 15 4 16 <3
T Cam S54,7e E B-X 34 18 13 11 19 <2
‘ E y 38 15 17 6 20 <2

S Cas S4,6e G B-X 49 11 16 3 16 <5
U Cas S5,5e G B-X 44 10 20 9 14 <3
AD Cyg S5,8 E B-X 30 16 16 14 23 <2
E P 35 15 20 7 21 <2

R Gem 53,9 E B-X 35 20 13 3 25 <4

» E = echelleand G = grating (see text).
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or less. Stable nuclei are represented by a striped box and unstable nuclei an
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branches are given for neutron densities N(n) < 10'°cm ™.

LR T T 1 I LI LI 1 17 L 1 T LI 1 T
T 1 l T l ]
11— —
~ Dyl Irl T Cam &
| S ®s” =
8 i —
r— -
= B
5 [ i
Q 6 — p ==
= r : -
.2 = l_ T o
3 [ % L
m -1
B L 94
- ]
B L .
—~ 91 L -
2 90+, ]
- Zr0 ~
= -
i )
4 1 | 1 | i L [4 ) T TS | l 11 \ ] l 1 L L1 L - | 1 l 11
. 8929 6930 6931 6932 6933 6934

Wavelength (A)

F1G. 7.—Observed (filled circles) and sample ZrO synthetic spectra for the
S star T Cam. The B— X 0-1 bandheads are synthesized for two difference
isoffopic mixtures of Zr: the solid line is a synthesis with no 96ZrO in the
mixture, while the dashed line contains a fractional content of 0.04 *°Zr. The
two atomic absorption lines near the °5ZrO bandhead are noted (Dy Tand Ir 1)
and illustrate the need for care in examining and synthesizing the S stars.
Clearly, no absorption from 967rQ is indicated to a rather small fraction, i.e.,
f<002. In addition, we note the complicated feature near in the observed
spectrum near the expected position of a low-lying (0.05eV) Y 1 line. In many
of the S stars, this line changes shape and position and we suspect that circum-
stellar ahsorotion and emission may contaminate this line.
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FIG. 1—Spectra of ¢ Vir (top) and ¢ Cap (bottom) near the A4606.8 4
Nb1 line. The continuum placement at the Nb 1 line is shown in each

T

LI L U I B e e L 5 5 R

0.8

= O
o o

INTENSITY

o
o

06

Fe.l

l..,l.l..II.HI....I.x.m....l..“I,..,l,.“u...l.
7945 7946 7947 . 1948 7949 7950
- WAVELENGTH (A)

FIG. 2—Spectra of ¢ Vir (top) and ¢ Cap (bottom) near the A7947.6 A
Rb1 line. Note the residual H,0 feature just to the short-wavelength
side of the Rb1 line caused by division of the spectrum by a hot-star
spectrum (a PsA). .




S—procass ¢ THERMOMETSR & CHRAOMETER

LY PR LN o f{tor S-procstng

\
SoLE (SETPE
. | NEN S @
%?f/gszf = QN/Z'L& S8 Nedme
’5(7,17%

* S STARS
— INTRINSIC T~

— BaRNSIC Te X

[ Remmoee 1] a8 sams Ace
| RiNoLco ity LtyES
' AVASE B4 SRRS

C\n/\)('pr{'\_, Uo@-/—: SRoR|
82 Ra. Seys !




_ | _ [£: | | [ A
o o o o o o o o o
< M ™ 1 o < ™M ™ —
o o o o o O o o o

XN|4 PIZI|eWLION

XN|4 PazZI|eWwIoN

0.00

426.15 426.20 426.25
Wavelength (nm)

426.10

426.05



TOYLING (L)INGLT )

IND/LT]

Weight product

N(Zr)/N(Nb)

1 ‘ | | | \22 ‘ ‘

Ne(a,n)

-2.00
-2.25
-2.50
-2.75 |
-3.00
-3.25

0.30

0.00

-0.90

-1.20

1.00

0.75

0.50

0.25

0.0 -

! | 1 | 1 |

0
00 O

| | |
5 1.0 15 20 25 3.0 3.5 40 45 5.0
time ,;; » 10° [yr]




log(L/Lsun)

4.4

4.0

3.6

3.2

2.8

2.4

2.0

1.6

1.2

0.8

0.4

3DUP T

= 3M£’~)
2 I\%\\J
i 17 M. )
N 1.5M._ N
| | | | | | | | | ] |
4.16 4.08 4.00 3.92 3.84 3.76 3.68 3.60 3.52 3.44

log(T, ;) [KI]



[Zr/Fe]

1.60

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

-0.20

-0.40

| | | | | | | | |
- -
-
-
| A Intrinsic S stars
|
! % B Extrinsic S stars
B o ® Mstars
—-3 e 4 'Cstars
| | | | | | | | |

-0.40 -0.20 0.00 0.20 0.40 0.60 0.80 1.00 1.20

[Nb/Fe]




ANOTHER, STELLAR' BRAWCH i fa
S - FPRoES Frowy

T3 S
! Sw —> ' B v ‘ 3Eu
3¢ ISSTOPIC FRACTIONS

. B\ SM f'h ~.F(T')

' BRANGHING  AFFECTS "'Eul“’&.
8T Eu p.-:m\j = Procuss
—Fesk c-ponry
- Pk $-procans sf ?

BT Wes Ase hfs A
isd‘q)ic. O‘\:{l:
Can MadWe 50 raflo ok
high spackral. he.



Gd
Eu
Sm

topes.

152

154| 155 156 1571

241d

151 "Ts3
9.3h

150 152
93

88888888

154 ‘\\-

r—PROCESS ‘\\ K\\
NN\

FIG. 1. The s-process path in the region of the gadolinium iso-



Aoki et al., r-Process—enhanced Star CS 31082-001 4/11/12 9:28 PM

Fig. 1 CITED IN TEXT | HIGH-RESOLUTION IMAGE (170kb) | mp

Comparison of the observed spectra (filled circles) and synthetic spectra (lines) for the Eu 11 4129 A line.
e name of the object and the adopted fr(!3!Eu) value are given in each panel. The solid line shows the

-ynthetic spectra for the adopted fr(1>'Eu); the dotted and dashed lines show those for ratios that are

smaller and larger by 0.15 in fr(\>'Eu), respectively. The wavelengths and relative strength of the
hyperfine components for 1>!Eu and 133Eu are shown in the top panel.
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Aoki et al., r-Process-enhanced Star CS 31082-001 4/11/12 9:27 PM

Fig. 2 CITED IN TEXT | HIGH-RESOLUTION IMAGE (103kb) | 4a wp

Same as Fig. 1, but for the Eull 4435 A line
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Frc. 4.—Results of the !'Eu fractions and uncertainlies (tora)-, The
results obtained by consideration of Eu 11 3819, 4129, 4205, and 4435 A are
shown by squares, diamonds, open circles, and filled circles, respectively.
The dotted line is the ''Eu fraction in solar system material (0.478). Note
that the isotopic fractions derived for all three lines considered for CS
31082-001 are lower than those obtained for CS 22892-052, although the
error bars overlap.
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Aoki et al., New Probe of 151Sm Branching 4/11/12 9:19PM

Fig. 1 CITED IN TEXT | HIGH-RESOLUTION IMAGE (230kb) | mp

“omparison of the observed spectra (filled circles) and synthetic ones (lines) for the Eu 11 4205 A line.
rhe name of the object and the adopted fr('>1Eu) value are presented in each panel. The solid line shows
the synthetic spectra for the adopted fr(">1Eu); the dotted and dashed lines show those for ratios that are
smaller and larger by 0.10 in fr(1>1Eu), respectively. The dot-dashed lines show the synthetic spectra for
no Eu. The weak blending at 4205.09 A in the spectrum of HD 6268 (top) is due to V II, whose effect is
negligible in the two subgiants. The wavelengths and relative strength of the hyperfine components for
51Ey and 133Eu are shown in the top panel.
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TABLE 2

*

HD 6268 LP 62544 CS 31062-050
LINE fr(**'Eu) log e(Eu fr("*'Eu) log e(Eu) fr(**'Eu) log e(En)
— __.______._______._______,_._‘-—-———_.___—_—-——————————
N3819 ...... 044 = 0.11 -1.55 0.68 = 0.10 —0.44 065 = 0.14 -0.02
NA12Y: i o 049 = 007 —-1.57 0.56 £ 0.07 -0.45 0.56 = 009 -+0.01
A205 ...... + 004 —1.54 0.60 = 0.06 —0.43 0.55 = 0.05 +0.04

0.7

0.65

__ 08

T 055 & 30 tl\/\
0.5 s ‘Qkk\/
0.45 |~

8 K 8 9 10
Log N, (cm~®)

FiG. 2.—The fr(**'Eu) values calculated for four temperatures (squares:

kT = 30 keV; triangles: 20 keV; circles: 15 keV; asterisks: 10 keV) as a

function of neutron density (N). The fr("*'Eu) of LP 625—44 and its uncertainty

is shown by the hatched area.



Neutron-Capture Isotopic Fractions 4/11/12 9:04 PM

Figure 4. CITED IN TEXT | HIGH RESOLUTION I,_MAGE Go to: Figure 3. | Figure 5.

wvar synthesw of the Eu 11 line at 4129 A in HD 175305 We have measured an isotopic fraction of

Sz = 4]  for this line. The observed speetrum-is mdlcated by open squares. In panel a, we show the
syntheses w1th the extreme values of /171 as well as the pure-s and pure-r-process syntheses. In panel b, the
solid curve represents our best-fit isotopic fraction, while the dotted curves represent the 3 ¢ uncertainties.
In both panels, the long-dashed curve is a synthesis with no Eu present, indicating that this line is generally
free of blending features. The vertical lines represent the positions and relative strengths of the individual

hyperfine components; dotted lines represent 1°1Eu, while solid lines represent >>Eu. Note that the Eu
elemental abundance reported is the best-fit value for this synthesis and not our derived Eu abundance for
HD 175305.
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Neutron-Capture Isotopic Fractions

Figure 7. CITED IN TEXT | HIGH RESOLUTION IMAGE

4/11/12 9:04 PM

Go to: Figure 6. | Figure 8.

wur synthesis of the Eu 1 line at 4435 A in HD 175305. Symbols are the same as in Fig. 4. We emphasize
that the isotopic fraction shown in panel b is the value derived from the 4129 A line and not a fit to this line.
Note the strong blend with the saturated Ca 1 line at 4535.67 A. The isotope fraction derived from the 4129
A line provides a reasonable fit to the 4435 A line as well, requiring only small changes in the elemental

abundance.
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The formation of the '*C pocket according to Straniero et al. (2009). The sequence of the panels shows the

evolution of the chemical composition in the transition zone between the H-rich envelope and the H-exhausted
core. The various lines represent the abundances of H (crosses), 12C (dotted), *C (solid), and *N (dashed).

(@) The TDU just occurred and the convective envelope is receding. (b) Production of 13C by proton capture on
the abundant '2C starts in the hotter region. (c) Some N is also produced, and (d) the *C (and *N) pocket is
fully developed.
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Figure 13 Distributions of enhancement factors of neutron-rich slow neutron capture
(s)-process isotopes compared with the initial composition for different Z values in the
material cumulatively mixed to the surface of thermal-pulse—asymptotic giant branch
stars. The horizontal line through Bi is drawn as a guide to the eye. Models are for
a 2-M star, run at different metallicities, with the same standard (ST) choice of the
13C pocket. Heavy dots represent s-only nuclei; mm that are at
least 80% s process; open diamonds are nuclei with s contributions between 60%
and 80%. For decreasing Z, progressively heavier nuclei are favored. In the range
of Z = (1/2-1/3) x Zg the distribution is relatively flat, and Z = 0.01 is a good
approximation of the solar system main component. Note that the results are dependent
on the '3C pocket amount and inversely proportional to Z. For example, a case with
Z = 0.01 and a 13C pocket 1/2 of the ST value would be indistinguishable from that
of the bottom panel.
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1.—Distribution of the elements from Cu to Bi in the He intershell

as a function of the initial metallicity. The elements mainly produced by the
main component of the s-process (by at least 50% according to Arlandini
et al. 1999) are shown as filled squares. Pb has a special symbol (filled
diamond) because it is mainly attributed to the strong s-process component
deriving from AGB stars of low metallicity (Travaglio et al. 2001). The
models refer to a 1.5 M, star, with the choice ST for the 13C pocket
discussed in the text, and with metallicities from [Fe/H] = 0.3 down to
_0.6. For clements affected by the decay of unstable isotopes whose half-
life is longer than a typical interpulse period but shorter than 10° yr, open
symbols refer to abundances before decay.
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Figure 1 Comparison between observed and synthetic spectra of HD 196944 around

the Pb1 line at 405.781 nm. The observed spectrum (dots) has been obtained at the ESO
3.6-m telescope and Coudé Echelle Spectrometer delivering a spectral resolution /A of
135,000 at 405 nm. Synthetic spectra corresponding to [s/Fe] = 0 (thin solid line; in this
case the Pb line is not visible) and (s/Fe] given in Table 1 (thick solid line) are also shown.
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F1G. 13.—(a) Detailed reproduction of the observed abundances for the classical Ba i giant HR 774. Observations are from Smith (1984) and Tomkin &
Lambert (1983) as compiled in Paper II. See text for details. (b) Detailed reproduction of the observed abundances for the post-AGB supergiant IRAS
0713441005, Observations are from Van Winckel & Reyniers (2000). See text for details. (c). Two attempts at reproducing the observed data for the
Population II s-enriched dwarf HD 25329 performed with an LMS and an IMS model. Observations are from Beveridge & Sneden (1994). See text for details.

different mass transfer approaches. One assumes a single
phenomenon of accretion, at the 20th TP, with a dilution of
0.2 (i.e., one part of the AGB envelope per five parts of the
atmosphere of the secondary component). The second
assumes a continuous process, up to the 20th pulse, and
yields a dilution of 0.4. Because of the uncertainties of mass-
loss rates and our poor knowledge of how and when mass
transfer phenomena occur, we do not claim that these are
the only or even the best solutions. They, however, indicate
that a moderately massive primary component is necessary

here. In this way, we reach an agreement also for the carbon
abundance (values of [C/Fe] in the 0.5-0.7 range can be
obtained, depending on the assumptions made, to be com-
pared with the 0.7 + 0.1 observation). We found this datum
difficult to reproduce otherwise.

42. IRAS 0713441005 A Post-AGB Supergiant

This star belongs to the group of supergiants showing the
21 pm feature in their mid-infrared spectra, which is
suspected to derive from C-rich compounds (Kwok, Volk,



