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Planet formation pathways:

● There are two major pathways proposed for planet formation: 

○ Core accretion (Pebble and planetesimal) 

○ Disk instability
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5Figure: Oberg et al. (2011)

Abundance ratios and formation pathways



We want to move beyond just C/O!
Figure: Crossfield (2023)
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But how good is the C/O ratio?



Goals:  
● Constrain planet formation by measuring various abundance ratios for host 

stars! 

● Look for trends in planet occurrence with host star abundances 

For the host stars, we measure the abundances of 15 elements (C, O, Na, Mg, Si, 
S, Ca, Sc, Ti, Cr, Mn, Fe, Ni, Zn, Y) and the C/O, C/S, and O/S ratios
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51 Eridani: F0 star, vsini ~ 70 km/s
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How challenging is it?
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HR 8799 51 EriHD 984

GJ 504 HD 206893

Clockwise from top 
left: Images from 

Marois et al. (2010), 
Franson et al. (2022), 

Macintosh et al. 
(2015), Milli et al. 

(2017), and Kuzuhara 
et al. (2013).

Directly imaged systems (from Baburaj+25)



374–900nm  

R～120,000

11Photo credits: Me

Levy spectrograph at APF (UCO-Lick)



Two part analysis: 

Find the basic stellar parameters 
like effective temperature (Teff), 
surface gravity (logg) and 
metallicity ([M/H]) by fitting 
PHOENIX models

Custom PHOENIX grid with fixed 
[M/H], small range of Teff, logg 
and varying carbon (C) and 
oxygen (O) abundances used to 
determine abundance values
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Forward modeling



Spectral fit C/O: 0.81 ± 0.14 (super-solar at 2σ) 13

Figure: Baburaj et al. (2025)

Forward modeling results: HD 206893



14Eq. Width C/O: 0.69 ± 0.35

Equivalent width: HD 206893
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Abundance ratios



Figure: Baburaj et al. (2025)
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Elemental abundance trends N o u n e x p e c t e d 
trends in elemental 
abundances noticed 
for wide-orbit planet 
host stars



17Figure: Baburaj et al. (2025)

JWST GO 5485; PI Baburaj

JWST GTO 2778; PI Perrin

JWST GO 3522; PI Ruffio; Co-I 
Baburaj

Comparison of companion and host star C/O



HD 206893B (is it a planet?)

Image: Milli et al. (2017)

● Warm (Teff ～1500K) 28 Mjup 
companion 0.2″ from the primary (HD 
206893A) 

● Located inside a debris disk! 

● Has a coplanar inner companion (HD 
206893c)  

Observed using JWST on October 5, 2024 
(GO 5485; PI Baburaj)
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Takeaways 
● Constraining planet formation requires abundance measurements for both 

exoplanets and their host stars 
● C/O ratio measurements for five directly imaged companion host stars yielded 

broadly solar values using spectral fitting and equivalent width 
● We need to move beyond C/O ratio and use sulfur-based ratios (C/S and O/S) 

for stronger constraints on giant planet formation 
● No trends were noticed for wide-orbit planet occurrence with host star 

elemental abundances 
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