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Triple stellar systems 
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• Binary stars and high-order systems are typical 
products of star formation 

• Long-term dynamical stability requires a clear 
separation of orbits: a close inner binary and a 
distant tertiary star (aout >> ain) 

• Triple systems account for ~12% of all solar-type 
dwarfs in multiple systems1,2 

• Most known triples and higher-order multiples 
are random discoveries, not the result of 
systematic surveys 

True population of hierarchical triples is likely 
underestimated3,4
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Triple systems
May be underestimated

Adapted from Offner et al. (2023)1,2 Raghavan et al. (2010), Tokovinin et al. (2014) 

3,4 Mugrauer et al. (2019), Cifuentes et al. (2025)



Triple systems

Tokovinin et al. (2006)
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1 From compact binaries



Triple systems

Tokovinin et al. (2006)
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Triple systems

Tokovinin et al. (2010)
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2 From wide binaries



Triple systems

Tokovinin et al. (2010)

EX
O

PL
AN

ET
S 

IN
 H

IE
R

AR
C

H
IC

AL
 T

R
IP

LE
 S

YS
TE

M
S 

/ 
C

. C
IF

U
EN

TE
S 

/ 
 D

D
E 

- C
O

IM
B

R
A

3

2 From wide binaries



Triple systems

WDS 00212-4246 
s = 9392 au

Cifuentes et al. (2021)EX
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3 From anomalous astrometry



WDS 00212-4246 
s = 9392 au

Cifuentes et al. (2021)

Probably an SB2

Triple systems

Cifuentes et al. (in prep.)
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Cifuentes et al. (2021)

3 From anomalous astrometry



2  
Planets in triple systems 
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Planets in triple systems

• Around 30 exoplanets are confirmed in triple 
star systems (~0.5% of the total planet 
population)*. 

• Most are long-period gas giants, often found 
serendipitously. 

• Their planetary architectures are diverse but 
poorly constrained, and often incomplete.

Current population
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Thebault et al. (2025)  
Cuntz & Patel (2024) 
González-Payo et al. (2024)
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Planets in triple systems
Current population
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HD 110067
See talk by Jiří Žák

• Around 30 exoplanets are confirmed in triple 
star systems (~0.5% of the total planet 
population)*. 

• Most are long-period gas giants, often found 
serendipitously. 

• Their planetary architectures are diverse but 
poorly constrained, and often incomplete.

Thebault et al. (2025)  
Cuntz & Patel (2024) 
González-Payo et al. (2024)



Planets in triple systems

m1 m2 m3

S1 S2 S3

ain

aout
A B C

S1/S2: 2 found  
S3: 26 found 

Orbital configurations

EX
O

PL
AN

ET
S 

IN
 H

IE
R

AR
C

H
IC

AL
 T

R
IP

LE
 S

YS
TE

M
S 

/ 
C

. C
IF

U
EN

TE
S 

/ 
 D

D
E 

- C
O

IM
B

R
A

7



Planets in triple systems

m1 m2 m3

P1 P2 S1 S2 S3

ain

aout
A B

S1/S2: 2 found  
S3: 26 found 

P1 (circumbinary): ~2 found  
P2 (circumtriple): 0 found 
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C

Orbital configurations



Planets in triple systems

m1 m2 m3

P1 P2 S1 S2 S3

ain

a2
A B
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C

Orbital configurations

Busetti et al. (2018)



3  
Project: Triple Trouble 
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Known  
giant planet 

Theoretically  
stable region 

(Busetti et al. 2018)

Project: Triple Trouble
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Goal

Sample: Triples hosting long-period planets 
confirmed via RV  

Instrument: CARMENES 

Strategy: High-cadence to access Porb < 1 day 

Goal: To detect planets in inner orbits

A systematic search for planets in hierarchical triple systems



Known  
giant planet 

Project: Triple Trouble
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aout ~103 au 

Goal

Sample: Triples hosting long-period planets 
confirmed via RV  

Instrument: CARMENES 

Strategy: High-cadence to access Porb < 1 day 

Goal: To detect planets in inner orbits

Msini = 0.37 MJup, Porb ≃ 197 d
Star #1

CARMENES RV series

A systematic search for planets in hierarchical triple systems

Porb ~103 d 
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Project: Triple Trouble

Goal questions

• Do planets exist in inner periods within the stability regions? 
• Which architectures are present in these planets (e, i, P1/P2)? 
• Which is the impact of the wide stellar companion on… 

- Number of planets? 
- Architectures?

Next steps

• Expand this search: 
- Additional instruments (HARPS, ESPRESSO) 
- Additional targets (including blind search in triples) 

• To characterize the multiplicity of stars known to host transiting planets

A systematic search for planets in hierarchical triple systems



4  
Take-aways 



Exoplanets in hierarchical triple systems
Take-away points

1. Planet formation is not isolated — it unfolds within a stellar context.  

2. Planets in triple-star systems are underestimated.  

3. We propose a project to focus on them. We are open to collaborations!
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