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Stellar nucleosynthesis

* Helium and heavier B " SunikeStar
elements are enriched In |
the "material cycle”.

* The next generation stars
are born with enriched
chemical compositions:

Y, Z: mass ratio of helium
and heavier elements of a
star.
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https://imagine.gsfc.nasa.gov/science/objects/stars1.html

The elements being measured
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Mg —Fe vs Y — Z diagram

— MESA
PARSEC
— Yonsei-Yale

primordial

Pdyes+2018
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Universal helium enrichment law?

No!
* Linear relation fitted by  MESA
primordial and solar Y, Z. o PARsEC .
* Globular clusters: | ¢ _T<ous
* Y variation : . . s
| primordial AN
* Asteroseismology: | solar

* smaller slope
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z
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He energy levels

* Resonance lines:
* |In UV wavelength
* Weak in FGK type stars

* He 10330

* Present in most late-type
stars and formed in the
chromosphere.

* Formation mechanisms:

* Photoionization
Recombination (PR),
triggered by high-energy
photons from the corona.

* Collisional Excitation (CE)

Credit
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https://sites.astro.caltech.edu/~srk/Ay126/Lectures/Lecture4/Helium.pdf

Target line: The He 10830

* He 10830 Is a helium absorption feature which appears in most of
the late-type stars’ spectra.

 Near Infrared: suffers less extinction.

Supergiant

! 10829.09A 10829.09A 0829.09A

' ; 10830.25A“10830.34A

\ 10830.25A“10830.34A _ 10830.25A“10830.34A

10826 10828 10830 10832 10834 10826 10828 10830 10832 10834 10826 10828 10830 10832 10834
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EW(He) — spectral type trend

Observations before 1990s

* Zirin (1982)

Cross-matched with SIMBAD

=&~ Zirin (1982), type V
Zirin (1982), type 1l
e logg > 3.5
logg < 3.5

7500 7000 6500 6000 5500 5000 4500 4000 3500 3000
Teff (K)

Spectral Class

* Only rough trends were derived.
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EW(He) — Teff trend

Observations after 1990s

* Most of the stars are metal- ' L opsen 3
DOOr except for those from S+ . Fuhrmeister+2020
Fuhrmeilster+(2020). :

* No clear trend Is found except
for the M-dwarfs.
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* A new sample of stars with
Similar Surface he”um 7500 7000 6500 6000 5500 5000 4500 4000 3500 3000
. Tesr (K)
abundance Is necessary.
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Connection with formation mechanisms

(open) (B-V) < 0.47; (filled) (B-V) > 0.47 (open) (B-V) < 0.47; (filled) (B-V) > 0.47

* Previous works
suggest EW(He) are
correlated with °
both log Ry and

log LX/Lbol-

 Can He 10830 be
used to measure Y?

Stars with varied Y Stars with same Y, Tegf, log g, [M/H]
(Y, log Ryk, Lx, Tefr, log g)
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otock Z: an open cluster

* Single stellar population:

* same.age, similar chemical
composition

* Age: 450Myr
* [Fe/H] = -0.07

* MSTO stellar mass: = 2.8Mq
e (Alonso-Santiago+2021)
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https://cs.astronomy.com/asy/m/starclusters/491502.aspx

Red clump stars in Stock 2

Isochrone

* The Y In dwarfs:

* Diffusion 0.31
* First dredge-up
) 0.30
* The Y In RCs:

* The Ys are similar

* Their Ys are expected to be larger
than those In main-sequence
phase.
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Observation

* Stellar population astroph-ySic_s .
* Pl: L. Origlia _
* High spectral resolution: ~.
* Probe detailed line shape
' * Wavelength

» Optical and NIR spectra-in the. | EEE_G. T 1 R
same time e 242304

* Resolution

* Avoid tempaoral varration of i B - Target
* Open cluster Stock-2

He: 10830 ar Ca'llHK lineg: <= ~-i 8" . -
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Measurement of He 10830
1. blending

* Several weak
atomic lines
present around He
10830.

* The synthetic
spectra are
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—— observed spectra

stronger than N — ometcmecmwotetomo)
observed spectra. ' o832

Wavelength (A)

* log gf values
requires correction.
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Measurement of He 10830
2. line fitting

A: amplitude
u: feature centre

* Si | and telluric: Voigt profile

* He features: skew Gaussian profile * yiasymmetry
. {1 + erf[ ,u)] exp [ = “)2] * EW: equivalent width
U\/_ 207 *  Apeak: Peak wavelength

* B/R: blue-to-red ratio

He-secondary He-main Telluric i He-main Telluric

—— observed spectra
fitted spectra ' — pbserved spectra
—— fitted He feature (main) fitted spectra

0.6 1 —— fitted He feature (secondary) 0.6 1 —— fitted He feature {main)
L -

10824 10826 10828 10830 10832 10824 10826 10828 10830 10832
Wavelength (A) Wavelength (A)
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Measurement of Ca Il HK lines

For constraining the chromospheric structure

* Measuring the core-emission of the Ca Il lines.

*log Ryg = (Fg + Fip) /0 Tese
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log Ry - EW relation

* Linear relation between He
10830 EW and log Ryk

* For Stock 2 RCs and field S Smitrs2016, AZ078

dwarfs

* The EWs of RCs are larger
than dwarfs ([Fe/H]~0).

° YRC > dearf
YT EW1T

—56 —-54 —-52 —-50 —48 —-46 —-44 -42 —-4.0
log R'uk
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He 10830 In field stars: ¥

supergiant
logR"nk

Targets and observations T

9000 8000 7000 6000 5000 4000
Tesr (K)

* Wavelength
* 9100-13500A * 3000-24800A

* Resolution * Resolution
* 28,000 * 10,000
* Target * Target (X-shooter Spectral Library)
* AFGK type stars * AFGK type stars
* 93 dwarfs, 70 giants, 29 e 225 dwarfs, 265 giants, 58
supergiants supergiants
* [Fe/H]: -1~0 * [Fe/H]: -2~0
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FW(He) — Tare trend

of new targets

® fieldWD
a field-XSL

* More detailed trends compared e
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EW(He) - Tef trend

 Dwarf

* Main and secondary trend; o0 e een e
* A clear lower boundary in the oo et 1
maln trend’ previous results (AGB)

field-XSL
Stock-2

* Scatter above the lower
boundary appears.
* Glant

* The average EW is smaller than
the dwarf’s

* Metal-poor stars tend to have
smaller EW. 7000 6500

7000 6500
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previous results
a field-XsL

FW(He) - Tegs trend p

| | . ‘ "":,:;‘ . ais Hhﬂ}_‘*‘:“ ] LT
° The INcrease Of EW(He) 1S R £ l‘i’f‘ﬁﬁ?+ ................................. W ...
ConSIStent W|th that |n 7500 7000 6500 6000 55’?’2& (512310 4500 4000 3500 3000
!
log Ryx.

* Such behavior implies that
the CE formation mechanism

appears, In the dwarfs near
the lower boundary.

1.0 1.2 1.4 1.6

3\ [mag] Mittag (2013)
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EW(He) - Tef trend

with log Rk

* log Ry is larger at

Terr~4000K, and smaller in

lower/higher temperatures.

* log R;¢ is also correlated with
EW(He) in Stock-2 giants.
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EW(He) - Tef trend

* The dwarfs with larger
EW(He) also have stronger
X-ray radiation.

* The He 10830 for the
dwarfs above the lower
boundary are dominated
by the PR mechanism.

* Such trend Is seen but not _
ObVIOUS In the Warm 7000 6500 6000 : = o :::Al 3500 3000
glants.
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summary

* The strength and shape of He 10830 and log R'yx for the red
clump stars in Stock 2 are measured.
* EW - log R'yk linear relation: larger than that for field stars
* Symmetric line profile: stable chromospheres

* Some empirical trends between He 10830 EW and other
parameters present for fleld stars.

* Observations in He and Ca Il line for more cluster would further
confirm the possibility of using He 10830 as a helium abundance
Indicator.
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