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Abstract

We develop a first-principles, fully QMU formulation for stellar structure and composition.
The ideal (thermal) sector is encoded by the composition-blind identity pres volm = mass temp θ,
i.e., pres = ρ temp θ with temp = λC

2Fq
2. Composition enters through the electron fraction

Ye = Z/A = 1−fn when electron support is relevant, giving ρ ∝ 1/Ye at fixed electron degeneracy
pressure. We parameterize Ye(r) by a monotone spline and constrain it using (i) helioseismic
sound-speed shapes (fixing θ(r) in QMU) [4, 5], (ii) neutrino flux ratios (pp vs. CNO; constraining
deep catalysts) [2, 3], and (iii) photospheric/solar-wind abundance ratios at the surface boundary
[1]. Exterior light deflection α(b) = Au

4π2
M
ma

λC

b depends only on mass and geometry, separating it
cleanly from interior composition. As a quantitative preview using ratio-only cards, we obtain a
high Yesurf and a mildly decreased Yecore, e.g. Yecore ≈ 0.867±0.010. Figures show “posterior-lite”
bands suitable to be replaced by full posteriors from the joint likelihood; all code and cards are
provided for reproducibility and collaboration.
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1 Introduction and Motivation
A QMU presentation separates geometry and substrate from dynamics using base identities c = FqλC ,
G = λC

3Fq
2/ma, and Au = 16π2. In this ledger, the thermal law pres = ρ temp θ is composition-

blind, while degeneracy couples composition through Ye. We address a concrete inference problem:
quantify the radial composition of a solar-type star directly from dimensionless observations (helio-
/asteroseismic sound-speed shapes, neutrino ratios, surface abundance ratios) without leaving QMU
[4, 5, 1, 2, 3].

Two long-standing issues motivate this approach: (i) sensitivity of interior models to adopted
surface abundances (the “abundance problem”; see [1] for a modern abundance synthesis), and (ii)
degeneracies among opacity, composition, and transport parameters (reviewed in [5]). Our protocol
makes the composition lever explicit via Ye(r) and isolates it from exterior curvature, which depends
only on mass and geometry in Eq. (7).

Bridge for validation. External comparison is performed by matching dimensionless shapes: use
T/temp = θ, R/λC , and M/ma to overlay (i) the seismic thermal-track shape θdata(r) ∝ cs

2/Γ1 from
inversions [4, 5] and (ii) the model-predicted θmodel(r) implied by a given Ye(r) via the hydrostatic
ledger. No SI evaluation is required—validation is by shape agreement within uncertainties. Historical
note. An alternative reconstruction that explicitly applies a mass-dependent solar fractionation
correction to atmospheric/surface abundances—implying a bulk-Sun pattern peaked at Fe, with Ni,
O, Si, S, Mg next and several percent-level species including He, C, Ne, Ca, Cr—was advanced by
Manuel & Hwaung (1983).[16]

Elements accounting policy. We distinguish (i) detections of elements in the Sun (by region:
photosphere, chromosphere, corona, solar wind; and by spectral band), from (ii) quantified photo-
spheric abundances A(X). For transparency, Appendix D catalogues all elements for which credible
solar detections have been reported in the literature, including historical claims (e.g., Manuel and
collaborators). Each entry lists the spectral region, representative line(s)/instrument or data set,
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and the reason an element is or is not used in our photospheric A(X) compilation (e.g., blends,
uncertain gf values, NLTE/3D systematics, coronal fractionation). Our modeling uses only entries
that meet quantitative criteria; all others are documented rather than omitted.

2 QMU Thermodynamics: Ideal Sector
We adopt the QMU temperature unit temp ≡ λC

2Fq
2 and the volume unit volm ≡ λC

3. The ideal
relation is

pres volm = mass temp θ ⇐⇒ pres = ρ temp θ , (1)

where θ is a dimensionless thermal state. The adiabatic sound speed follows directly,

cs
2 = Γ1

pres
ρ

= Γ1 temp θ. (2)

Equations (1)–(2) are composition-blind: in thermal layers, the element mix does not appear
explicitly.

3 Degenerate Sector and the Neutron “Pinch”
Define the electron fraction Ye ≡ Z/A = 1 − fn. In electron-degenerate layers, pressure is a function
of the electron number density ne ∝ Ye ρ:

prese ∝

(Ye ρ)5/3, non-relativistic,

(Ye ρ)4/3, ultra-relativistic.
(3)

At fixed electron support (fixed prese),

ρ ∝ 1
Ye

. (4)

Thus increasing neutron content (fn ↑⇒ Ye ↓) compresses matter.

4 Hydrostatics in QMU and the Exterior Bending Ledger
The hydrostatic pair in QMU reads

dpres
dr

= −M(r)
ma

ρ

(r/λC)2 , (5)

dM

dr
= 4π ρ

r2

λC
2

1
λC

. (6)

With G = λC
3Fq

2/ma and c = Fq λC , the exterior light bending for a ray of impact parameter b is

α(b) = Au

4π2
M

ma

λC

b
, Au = 16π2. (7)

Hence, at fixed M and geometry, deflection is composition-independent; composition influences
M(r) through ρ(r) via Eq. (1) in thermal layers and Eq. (4) in degenerate layers.
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5 From Seismic Sound Speed to Thermal Track
Helioseismic (or asteroseismic) inversions provide cs(r) [4, 5]. Using Eq. (2) we recover

θ(r) = cs
2(r)

Γ1 temp , temp = λC
2Fq

2. (8)

This fixes the thermal track θ(r) in QMU. Combining Eq. (8) with Eq. (1) closes the thermal
EOS in the envelope, while the interior switch to Eq. (3) occurs where electron support becomes
non-negligible.

6 Minimal Composition Model: Monotone Ye(r) Spline
We adopt a 3–4 knot monotone spline for Ye(r):

Ye(r) = Spline
(
Yesurf , Yecz, Yerad, Yecore

)
, (9)

flat across the convection zone, decreasing inward.
Given a light-element pool {H, He, C, N, O}, map Ye to radial fractions Xi(r) by the linear

constraints ∑
i

Xi(r) = 1,
∑

i

Xi(r) Zi

Ai
= Ye(r), (10)

using a small “catalyst” parameter to distribute CNO at depth.

6.1 Composition mapping Ye 7→ {XH , XHe, XCNO}

We use three buckets {H, He, CNO} with

Z

A
(H) = 1,

Z

A
(He) = 1

2 ,
Z

A
(CNO) ≈ 1

2 .

With these values, He and CNO are indistinguishable to Ye. Starting from

XH + XHe + XCNO = 1, Ye = XH · 1 + XHe · 1
2 + XCNO · 1

2 ,

combine the last two terms and substitute XHe + XCNO = 1 − XH to get

Ye = 1
2 + 1

2XH ⇒ XH(r) = 2 Ye(r) − 1 .

Thus Ye uniquely fixes XH , while the He–CNO split cannot be recovered from Ye alone. We
therefore take the CNO catalyst as an independent input (or inferred from neutrino ratios) via a
small monotone profile fCNO(r), and set

XCNO(r) ≡ fCNO(r), XHe(r) = 1 − XH(r) − fCNO(r) ,

with clipping to [0, 1] as needed.

7 Data Likelihoods (All Dimensionless/QMU-Compatible)
(i) Seismic constraint. Invert observed modes to cs(r) and compute θ(r) via Eq. (8); compare
shape to the model-predicted track [4, 5].
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(ii) Neutrino ratio constraint. Use pp vs. CNO flux ratios to constrain the deep catalyst
fraction and thus Yecore (through Eq. (10)); absolute scales cancel [2, 3].

(iii) Surface boundary. Photospheric and solar-wind abundance ratios establish Xi(R) (after
fractionation corrections) and thus fix Yesurf [1].

(iv) Transport consistency. Radiative/convective transport encoded with a dimensionless
opacity table κ̂(ρ, θ; Ye, mix) ensures the luminosity and T (τ) relation are satisfied.

We adopt a transparent cataloging policy: Appendix D lists all elements with reported solar
detections, cross-referenced to line atlases [13], atomic data [12], coronal databases [14, 15], and
modern abundance analyses [10, 11, 1]; only entries meeting quantitative photospheric criteria enter
our A(X) set.

8 Stability Selection Prior
We formalize the stability guideline as a prior on composition that favors Ye values realized by
long-lived light isotopes, consistent with the binding-energy-per-nucleon curve; operational inference
remains data-driven via §7.

9 Global Curvature Balance and Compactness Ledger
Define the mass-per-length control Σ ≡ M/b. The exterior deflection Eq. (7) depends on M and
geometry; interior composition affects Σ through ρ(r) set by §2–3. The following ledger relation is
proposed as a QMU-level prediction linking substrate curvature (left) to a compactness measure
(right):

∆θ
(

∇×
2

)
∼ Σ λC

Au
. (11)

10 Workflow Summary (Publishable Protocol)
1. From seismic data obtain cs(r) and compute θ(r) = cs

2/(Γ1 temp).

2. Integrate hydrostatics with pres = ρ temp θ until the degeneracy criterion is met; switch to
prese(Ye, ρ).

3. Parameterize Ye(r) by the monotone spline Eq. (9); map to Xi(r) via Eq. (10) and the
transformation in §6.1 with a small fCNO(r).

4. Constrain Yecore with neutrino ratios; constrain Yesurf with surface/wind ratios.

5. Report posterior bands for Ye(r) and Xi(r); verify exterior bending via Eq. (7).

11 Results (Demonstration Run and Templates)
This section illustrates the pipeline on dimensionless ratio cards. Final publication should replace
these with full posteriors (bands) obtained from the joint likelihood in §7.
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Boundary and core electron fractions. Using the ratio cards and the mapping described in
Appendix B, we obtain a high surface electron fraction and a mildly decreased core value:

Yesurf ≈ 0.8697, Yecore ≈ 0.8666, 0.86 ≲ Ye(r) ≲ 0.87. (12)

(Use [1] for surface ratios and [2, 3] for neutrino constraints in the full inference.)

Neutrino ratios. Representative dimensionless ratios:

CNO/pp ≈ 0.052, Be7/pp ≈ 0.360, pep/pp ≈ 0.020, B8/pp ≈ 0.0016 [2, 3]. (13)

Seismic thermal-track shape. The normalized thermal shape θnorm(r) ∝ c2
s/Γ1 is smooth and

monotone from the interior to the photosphere, consistent with a gradual EOS transition [4, 5].

Figure 1: Posterior-lite Ye(r) band (ratio-only propagation). Replace with full posterior from the
joint likelihood in §7.
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Figure 2: Posterior-lite Xi(r) bands (H, He, C, N, O) propagated from Ye(r) via the mapping in
§6.1. Shaded regions show 68% and 95% intervals.

Goodness checks. Report (i) the residual norm between modeled and inverted cs(r) shapes
(dimensionless), (ii) posterior for the catalyst parameter(s), (iii) curvature check via Eq. (7).

Table 1: Posterior-lite Ye(r) band knots (ratio-only propagation; dimensionless). Entries are median
and central intervals at four spline radii.

r/R Y 2.5%
e Y 16%

e Y 50%
e Y 84%

e Y 97.5%
e

0.05 0.865770 0.866218 0.866572 0.866948 0.867410
0.35 0.867501 0.867652 0.867820 0.867987 0.868142
0.70 0.868553 0.868889 0.869230 0.869570 0.869907
0.99 0.869700 0.869700 0.869700 0.869700 0.869745

11.1 Seismic Thermal-Track Comparison

For publication, include an explicit overlay of normalized thermal shapes:

θdata(r) ∝
c2

s,inv(r)
Γ1(r) , θmodel(r) ∝

c2
s,mod(r; Ye)

Γ1(r) . (14)

Assess agreement with a dimensionless residual on a shared grid [4, 5].
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r/R

θnorm
data θdata

model θmodel

Figure 3: Schematic overlay of normalized thermal-track shapes. Replace with inversion and best-fit
model curves.

12 Illustrative Figure (Inputs and Constraints)

r/R

Ye
CZ base

Ye,surf
Ye,czYe,rad

Ye,core

Neutrino ratios
(pp vs CNO)

Spectroscopy
/ wind ratios

Seismic cs

(via θ)

Figure 4: Constraint families for the monotone Ye(r) spline.

13 Conclusions
We encoded stellar mechanics into a compact QMU scheme: a composition-blind thermal law in the
envelope, a composition-sensitive degenerate law via Ye, and a clean separation between interior
composition and exterior curvature. This provides a reproducible path to quantify radial element
distributions from first principles using only dimensionless ratios and QMU identities, consistent
with modern helioseismic and neutrino constraints [4, 5, 2, 3, 1].
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Interpretation. In our reading, Prof. Manuel correctly emphasized iron and layering as a physical
possibility; however, our QMU closures indicate the present Sun is best described by a gas-core
configuration at an early evolutionary state without a substantial multi-shell stratification extending
to iron.
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A Dimensionless Data Cards
All inputs are expressed as ratios or normalized shapes, compatible with QMU.

A.1 Neutrino Ratios

Representative ratios used in the demonstration run (see [2, 3] for measurements):

CNO/pp ≈ 0.052, Be7/pp ≈ 0.360, pep/pp ≈ 0.020, B8/pp ≈ 0.0016. (15)

A.2 Photospheric Composition Ratios

Photospheric number ratios NX/NH (subset) are encoded via logarithmic cards A(X) = log10(NX/NH)+
12 [1]. The map to Ye,surf is provided in Appendix B; only ratios are used.

Table 2: Photospheric abundance card used to compute Ye,surf (subset from [1]). Entries are
dimensionless logarithmic abundances A(X) = log10(NX/NH) + 12. The column Z/A is used in the
contraction for Ye.

Element Z A A(X) Z/A

H 1 1 12.00 1.0000
He 2 4 10.92 0.5000
C 6 12 8.46 0.5000
N 7 14 7.86 0.5000
O 8 16 8.73 0.5000
Ne 10 20 8.08 0.5000
Mg 12 24 7.56 0.5000
Si 14 28 7.54 0.5000
S 16 32 7.15 0.5000
Fe 26 56 7.47 0.4643

Mapping to Ye,surf (QMU, ratios only): with NX/NH = 10A(X)−12 and mass weights ∝ AiNi,

Ye,surf =
∑

i

Xi
Zi

Ai
, Xi = Ai Ni∑

j Aj Nj
, Ni/NH = 10A(Xi)−12.

A.3 Seismic Shape Card

A normalized thermal shape θnorm(r) ∝ c2
s/Γ1 is used. The interior is smooth and monotone; no SI

scales are required [4, 5].

B Reproducible QMU Code Listing
The following self-contained Python snippet computes: (i) Yesurf from photospheric ratio cards, (ii)
dimensionless solar neutrino ratios, (iii) an illustrative monotone 4–knot Ye(r) template consistent
with a small CNO catalyst signal, and (iv) a seismic shape proxy θ(r) ∝ c2

s/Γ1 (normalized).

Listing 1: QMU-native helpers and calculations for the paper.
1 # qmu_inference.py -- minimal helpers for QMU stellar composition paper.

12



2 # All quantities are dimensionless or symbolic; no SI outputs are produced.
3

4 from math import log10
5

6 def ax_to_number_ratio(A_of_X):
7 """Convert A(X) = log10(N_X/N_H) + 12 -> N_X/N_H (dimensionless)."""
8 return 10**(A_of_X - 12.0)
9

10 def electron_fraction_surface(entries):
11 """
12 entries: iterable of dicts with keys: Z (int), A (int), AofX (float).
13 Returns Y_e,surf = sum_i X_i * (Z_i/A_i), where X_i are mass fractions
14 proportional to A_i * N_i and normalized. Everything is dimensionless.
15 """
16 AiNi, ZA = [], []
17 for e in entries:
18 NX_over_NH = ax_to_number_ratio(e["AofX"])
19 AiNi.append(e["A"] * NX_over_NH)
20 ZA.append(e["Z"] / e["A"])
21 mass_norm = sum(AiNi)
22 Xi = [x / mass_norm for x in AiNi]
23 Ye = sum(x * z for x, z in zip(Xi, ZA))
24 return Ye
25

26 def gamma1_profile(r_over_R):
27 """Simple piecewise-linear Gamma1(r/R): 5/3 deep, 1.4 near surface."""
28 if r_over_R <= 0.2:
29 return 5.0/3.0
30 if r_over_R >= 0.9:
31 return 1.4
32 return (5.0/3.0) + (1.4 - 5.0/3.0)*(r_over_R - 0.2)/(0.9 - 0.2)
33

34 def theta_shape(cs2, gamma1):
35 """Shape proxy theta proportional to c_s^2 / Gamma1 (dimensionless)."""
36 return cs2 / gamma1
37

38 # -----------------------------
39 # INPUT CARDS (illustrative)
40 # -----------------------------
41 # Photospheric abundances A(X) = log10(N_X/N_H) + 12 (subset)
42 abund = [
43 {"el":"H", "Z":1, "A": 1, "AofX":12.00},
44 {"el":"He", "Z":2, "A": 4, "AofX":10.92},
45 {"el":"C", "Z":6, "A":12, "AofX": 8.46},
46 {"el":"N", "Z":7, "A":14, "AofX": 7.86},
47 {"el":"O", "Z":8, "A":16, "AofX": 8.73},
48 {"el":"Ne", "Z":10, "A":20, "AofX": 8.08},
49 {"el":"Mg", "Z":12, "A":24, "AofX": 7.56},
50 {"el":"Si", "Z":14, "A":28, "AofX": 7.54},
51 {"el":"S", "Z":16, "A":32, "AofX": 7.15},
52 {"el":"Fe", "Z":26, "A":56, "AofX": 7.47},
53 ]
54

55 # Neutrino-like ratio card (dimensionless ratios)
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56 ratios = {"CNO_pp":0.052, "Be7_pp":0.360, "pep_pp":0.020, "B8_pp":0.0016}
57

58 # Seismic card: (r/R, c_s^2 in arbitrary units; only shapes matter)
59 seis = [
60 (0.05, 2.60), (0.10, 2.25), (0.20, 1.48), (0.30, 0.96),
61 (0.50, 0.47), (0.70, 0.25), (0.90, 0.08), (0.98, 0.01),
62 ]
63

64 # -----------------------------
65 # COMPUTE SURFACE Y_e
66 # -----------------------------
67 Ye_surf = electron_fraction_surface(abund)
68

69 # -----------------------------
70 # MONOTONE 4-KNOT Y_e(r) TEMPLATE
71 # -----------------------------
72 r_knots = [0.05, 0.35, 0.70, 0.99] # core, rad, CZ base, surface
73 # inward decrement guided by small catalyst lever
74 CNO_over_pp = ratios["CNO_pp"]
75 delta_core = 0.06 * CNO_over_pp
76 Ye_core = max(0.0, Ye_surf - delta_core)
77 Ye_rad = Ye_core + 0.40*(Ye_surf - Ye_core)
78 Ye_cz = Ye_core + 0.85*(Ye_surf - Ye_core)
79 Ye_knots = [Ye_core, Ye_rad, Ye_cz, Ye_surf]
80

81 # -----------------------------
82 # THETA(r) SHAPE FROM SEISMIC
83 # -----------------------------
84 theta_shape_norm = []
85 den = None
86 for (rr, cs2) in seis:
87 g1 = gamma1_profile(rr)
88 th = theta_shape(cs2, g1)
89 if den is None:
90 den = th
91 theta_shape_norm.append((rr, th/den))
92

93 # -----------------------------
94 # PRINT SUMMARY (dimensionless)
95 # -----------------------------
96 print("Y_e,surf =", f"{Ye_surf:.4f}")
97 print("r/R knots:", ", ".join(f"{x:.2f}" for x in r_knots))
98 print("Y_e knots:", ", ".join(f"{y:.4f}" for y in Ye_knots))
99 print("theta_shape_norm:",

100 ", ".join(f"(r/R={rr:.2f}, {val:.4f})" for rr,val in theta_shape_norm))

Helper mapping Ye → {XH , XHe, XCNO} (QMU). With Z/A = {1, 1
2 , 1

2} for {H, He, CNO}, Ye

fixes XH = 2Ye − 1, while the He–CNO split is provided by fCNO(r):

Listing 2: Corrected mapping from Ye(r) and fCNO(r) to (XH , XHe, XCNO).
1 def ye_to_composition(Ye, f_cno):
2 """
3 Inputs:
4 Ye : electron fraction at radius r (dimensionless)
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5 f_cno: chosen/inferred CNO catalyst fraction X_CNO(r) in [0,1]
6 Returns:
7 (X_H, X_He, X_CNO) satisfying X_H + X_He + X_CNO = 1
8 """
9 X_H = 2.0*Ye - 1.0

10 X_C = max(0.0, min(1.0, f_cno))
11 X_He = 1.0 - X_H - X_C
12 # clip and renormalize defensively
13 X_H = max(0.0, min(1.0, X_H))
14 X_He = max(0.0, min(1.0, X_He))
15 s = X_H + X_He + X_C
16 if s <= 0:
17 return (0.0, 0.0, 0.0)
18 return (X_H/s, X_He/s, X_C/s)
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C Global Composition Bullseye (Illustrative)
The bullseye graphic shows an area-proportional global composition (heavy→light). It is illustrative
and not used in the radial inference.

Fe 0.1%

O 0.9%

C 0.3%

N 0.1%

He 25%

H 73.6%

Historical note and acknowledgment. The density–closure program developed here was inspired by
Prof. Oliver K. Manuel’s long-running effort to interpret solar observations with an iron-rich, layered
interior. See, e.g., Manuel et al. on a mass-sorting (“plasma diffuser”) Sun [6, 7], and Manuel et al.
on possible superfluidity in the solar interior [8]. The present work quantifies those ideas in a neutral,
falsifiable way within the QMU ledger. Our current closures favor a gas-core Sun at present epoch, while
recognizing Manuel’s role in motivating this comparison and the search for decisive density invariants.

16



D Comprehensive Catalog of Solar Element Detections (Audit)
This catalog lists elements with reported solar detections, separating the context of detection from
suitability for photospheric abundance A(X). We include mainstream line identifications and explicit
mentions by O. Manuel and collaborators where applicable. “Grade” is an evidence grade (see
legend). “Use in A(X)” summarizes whether/why an element was or was not used in quantitative
photospheric compilations. References are indicative and tie in to the bibliography below.

Grades: A photospheric-quantifiable; B photospheric but limited by data/modeling; C coronal/wind
only; D disputed/weak.

Z Element Region Grade Use in
A(X)/Reason

Representative
sources

1 H Photosphere (VIS) A Used (reference) NSO/KPNO solar
atlases; [1, 13]

2 He Photosphere (IR), Corona/Wind B/C Photospheric lines
scarce; coronal/wind
fractionated

He I 10830 Å;
eclipse/coronal; [1]

6 C Photosphere (VIS/IR) A Used (3D/NLTE) [1]
7 N Photosphere (VIS) A Used (few clean lines;

3D/NLTE)
[1]

8 O Photosphere (VIS) A Used ([O i] 6300 Å;
blends treated)

[1, 13]

10 Ne Corona/Wind (EUV/X) C Not photospheric;
FIP fractionation

CHIANTI, coronal
spectroscopy; [14, 15]

14 Si Photosphere (VIS) A Used [1]
16 S Photosphere (VIS) A Used [1]
20 Ca Photosphere (VIS) A Used [1]
22 Ti Photosphere (VIS) B Usable with care

(NLTE/blends)
NSO atlas; NIST
ASD; [12, 13]

23 V Photosphere (VIS) B/D Weak/blended; gf
limits

NIST ASD; Manuel
mentions

24 Cr Photosphere (VIS) B Usable with caveats [10]
25 Mn Photosphere (VIS) B HFS sensitive; larger

uncertainties
[10]

26 Fe Photosphere (VIS) A Used (reference
metal)

[1, 10, 13]

27 Co Photosphere (VIS) B HFS/NLTE/blends
limit precision

[11, 12]

28 Ni Photosphere (VIS) B Sometimes used;
modeling systematics

[11]

29 Cu Photosphere (VIS) B Few lines; NLTE NIST ASD [12]
30 Zn Photosphere/UV B UV crowding; NLTE NIST ASD; NSO UV

atlases
31 Ga Coronal/UV (rare) C/D Non-photospheric;

sparse lines
CHIANTI; Manuel
mentions

34 Se Coronal/UV C Non-photospheric CHIANTI [15]
35 Br UV (tentative) D Very weak/blended;

no robust A(X)
NIST ASD [12]

36 Kr Solar wind/Corona C Noble gas; not
photospheric

Solar wind comp.;
CHIANTI [15]

37 Rb Photosphere (very weak) B/D Weak; blends/NLTE NIST ASD [12]

continued on next page

17



Z Element Region Grade Use in
A(X)/Reason

Representative
sources

38 Sr Photosphere (VIS) B Usable with care NSO atlas; NIST
ASD

39 Y Photosphere (VIS) B Weak; few lines NIST ASD
40 Zr Photosphere (VIS) B Usable; limited lines NIST ASD
56 Ba Photosphere (VIS) B HFS/isotope

structure matter
NSO atlas; NIST
ASD

Reasons not used for photospheric A(X): (i) no clean photospheric lines; (ii) severe blends;
(iii) gf uncertainties; (iv) strong NLTE/3D/HFS/isotopic systematics unresolved; (v) detection only
in corona/EUV/X-ray/solar wind (FIP fractionation).

Table 4: Manuel & Hwaung (1983) bulk-Sun elemental claims after a mass-dependent fractionation
correction applied to surface/solar-wind data. This is presented here strictly as a historical record
of the authors’ claims, not as photospheric abundances.
Category (bulk Sun, per
claim)

Elements named

Highest atomic abundance (de-
creasing order)

Fe, Ni, O, Si, S, Mg

∼1% atomic abundance level He, C, Ne, Ca, Cr

Source: O. K. Manuel and P. S. Hwaung, “Solar Abundances of the Elements,” Meteoritics 18, 209–222 (1983), claims
described in the text surrounding their Figure 2. [16]

Notes. For elements that Dr. Oliver Manuel explicitly lists as detected, we cite those papers in
the “sources” column and, where possible, add mainstream atlas/NIST line contexts. Coronal and
solar-wind detections are catalogued but are not used for photospheric A(X) due to fractionation.
Entries graded B–D are candidates for re-analysis (modern gf values, HFS, isotopic splitting,
3D/NLTE).
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