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HR 8799

HD 163296 descendant



Giant planet occurrence rate 
peaks at intermediate mass stars!

(from Wolthoff+2022 , others e.g., Johnson+2010, Fulton+ 2021)



Giant planet occurrence rate 
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Understanding the disks around 
intermediate mass stars is key in linking 

exoplanets to disks



Protoplanetary disk population 
studies lack higher mass stars!

Data from Manara+23



Missing 
higher 
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Herbig stars!

Data from Manara+23
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Herbig stars!
Herbig stars are the more massive 
counterparts of T Tauri stars:

1. Stellar mass > 1.5 𝑴⨀

2. Infrared excess is detected
and/or
3. H𝛼 emission is detected

(Herbig 1960; Waters & Waelkens 1998; Vioque+18/22/23; Guzman-Diaz+21; Valegård+21; Brittain+23)
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Stapper+22/24/25a/25b

>60% 
within 1kpc are 

still missing 
millimeter data!



A survey within 1 kpc
Combination of different works: 
Vioque+18/22/23, Guzman-Diaz+21, Valegård+21

Total targets: 243
Catalog with archival, recalibrated, and newly derived stellar 
parameters, accretion rate properties, and disk masses

Stapper et al. in review



Archival ALMA data: Stapper+22,25b 

Data
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𝑀𝑑𝑢𝑠𝑡 =
𝐹𝜈 𝑑

2

𝜅𝜈𝐵𝜈(𝑇)

1. Optically thin

2. Opacity power-law index

3. Dust temperature

Assumptions
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Disk mass vs Stellar mass
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Disk mass vs Stellar mass
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Disk masses
Disks with masses >10 𝑴⊕

➢Upper Sco 5% (Carpenter+25)

➢ Lupus  20% (Manara+23)

➢Herbig disks 50%

→Herbig disks are significantly 
more massive!

Consistent with Stapper+22,25a,25b 

Stapper et al. in review
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0.5 𝑴⊕ 21 𝑴⊕

Disk masses



Disk mass vs Stellar mass
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Disk mass vs Stellar mass
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Disk mass vs Stellar mass

Stapper et al. in review

Disk masses peak at 1-2 𝑴⊙!



High disk mass occurrence rates

Stapper et al. in review

High disk mass occurrence rate peaks at 
the giant planet occurrence rate!



Accretion rates and dust masses

Stapper et al. in review, see also Grant+23

178 Herbig stars with accretion 
rate properties

• Accretion rate – disk mass 
relationship is flat

• No low disk mass / low 
accretion rate objects



No change with age

Stapper et al. in review, see also Stapper+25b

• No low disk mass / low 
accretion rate objects

• No significant changes with age

→ Surviving population 
of intermediate-mass 
pre-main sequence 
stars with disks

Old

Young



Stapper et al. in review, see also Stapper+22/25b

The long lived disks of Herbig stars

Case 1: planet driven

Accretion rates 
are still very high



Stapper et al. in review

The long lived disks of Herbig stars

Case 2: infall driven

From Ginski+21, Garufi+24



Stapper et al. in review

The long lived disks of Herbig stars

Result:

Herbig stars Disk-less IM PMS stars

(see e.g. Iglesias+23, Anania+25, van Terwisga+22)

+



Conclusions

o Catalog of 243 Herbig stars within 1 kpc with stellar 
parameters, accretion rate properties, and disk masses

o Disks around Herbig stars are more massive than the 
disks around T Tauri stars and we find a bimodal dust 
distribution for Herbig disks

o Clear evidence of a decrease in dust mass above 
2 𝑴⊙, and the peak occurrence rate of massive disks 
coincides with that of giant exoplanets

o Herbig stars are the surviving disk-hosting population 
part of a much larger underlying population mostly 
consisting of disk-less stars 
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