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The Hot Neptune Desert
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Castro-González+2024



Hot Neptunes and Hot Jupiters - Host [Fe/H]
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Both Hot Neptunes and Hot Jupiters have host stars 
with high [Fe/H]

Dai+2021
Doyle+2025



The Hot Neptune Desert - TOI PCs
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Limits from Castro-González+2024



Gaia DR3 Astrometry
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Image credit: ESA

Why Gaia?
DR3 (Gaia Collaboration+2023) contains:
• ∼1.8 billion objects with a G magnitude
• ∼1.5 billion objects with 5/6 parameter astrometric 

solutions
• For G ≈ 20 objects:

• Median 𝜎𝑝 = 0.5 mas

• Median 𝜎𝜇 = 0.5 mas/yr

• For G < 15 objects:
• Median 𝜎𝑝 = 0.02 mas 

• Median 𝜎𝜇 = 0.02 mas/yr

• 470 million objects with derived astrophysical 
parameters (𝑇𝑒𝑓𝑓, 𝑙𝑜𝑔𝑔, [M/H], …)



Wide Stellar Companions
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~102 − 104 AU



(        )

Selecting Exoplanet Hosts

• Measured radius and orbital period
• No controversial flag
• Not circumbinary

4174 Planets5630 Planets

3142 Hosts3072 Hosts
• Angular distance between DR2 & DR3 < 𝜇/2
• Magnitude difference between DR2 & DR3 < 0.1
• Has DR3 parallax measurement > 0

1779 Hosts
• Parallax significance > 3
• Proper motion significance > 3
• Parallax + 3*parallax error > 1.6 mas

2372 Planets

9/7/25

Use Gaia DR3’s dr2_neighbourhood catalog

https://exoplanetarchive.ipac.caltech.edu  

∼ 650 pc
Michel & Mugrauer 2024

https://exoplanetarchive.ipac.caltech.edu/


Search for Common Proper Motion Companions

∆𝑝 = 𝑝ℎ𝑜𝑠𝑡 − 𝑝𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟

Cone search around targets with  
radius [arcsec] = 10𝑝 [mas]1779 Hosts

253,414 
Neighbours

1. Parallax > 0
2. Parallax significance > 3

3. Proper motion significance > 3

63,810 
Neighbours

Common proper motion: 
𝝁ℎ𝑜𝑠𝑡+𝝁𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟

𝝁ℎ𝑜𝑠𝑡−𝝁𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟
> 3

Similar parallax:
∆𝑝 < 3𝜎∆𝑝

3,545 
Neighbours

307
Companions

295 Hosts 384 Planets

Mugrauer 2019

Vectors!
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Companions within 10,000 AU



TOI Companion Search
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TFOPWG Disposition = PC

7203 TOI

https://exofop.ipac.caltech.edu/tess/ 

(        )2927 Hosts 3075 TOI

608
Companions

557 Hosts 578 TOI

CPM Companion Search

https://exofop.ipac.caltech.edu/tess/


Companion Separations
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Eeles-Nolle+(2025)

Planet Candidate SampleConfirmed Exoplanet Sample
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21.6 ± 2.9% (González-Payo+2024)

16.0 ± 0.8% (Michel & Mugrauer+2024)

23.2 ± 1.6% (Fontanive & Bardalez Gagliuffi+2021)

15 ± 1% (Mugrauer+2019)

16.6 ± 0.9%

Stellar Multiplicity Rate – Confirmed Exoplanets

Eeles-Nolle+(2025)
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19.8 ± 0.7%

19.9 ± 1.5% (Mugrauer+2023)

Eeles-Nolle+(2025)

Stellar Multiplicity Rate – Exoplanet Candidates



Planet Types
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Planet Types
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HJ radius limits from Yee+2021



Control Samples
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Host Star 
Search Samples

Gaia DR3 Astrophysical 
Parameters (GSP-Phot)

Gaia DR3 Photometry
Control Samples

Control Sample 
Stellar Companions

CPM Companion Search



Confirmed Exoplanet Results
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HJs: 4.76𝜎Desert: 0.85𝜎

Eeles-Nolle+(2025)



TOI Planet Candidate Results
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HJs: 6.10𝜎Desert: 4.40𝜎

Eeles-Nolle+(2025)



Summary

• Use Gaia DR3 astrometry to determine the possible companionship of neighbouring stars 
using proper motion and parallax

• Reproduce the known higher than field stellar multiplicity rate for Hot Jupiter hosts for 
both confirmed exoplanets and TESS planet candidates

• Hot Neptune Desert hosts are more difficult:

1) Confirmed planets may follow the HJ high stellar multiplicity trend 
(cannot confirm due to low sample sizes)

2) TESS PCs follow the HJ high stellar multiplicity rate trend
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Fintan.Eeles-Nolle@warwick.ac.uk
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