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Binary interactions are ubiquitous.  
● Many stars will interact with a companion in their lifetime
● These interactions are critical to the formation of many important and exotic 

astrophysical phenomena
● But these processes can get complicated

Moe et al. (2019)
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Han et al. (2020)

Many possible 
pathways…
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https://iopscience.iop.org/article/10.1088/1674-4527/20/10/161/pdf?utm_source=sciencedirect_contenthosting&getft_integrator=sciencedirect_contenthosting
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There are many types of binary mass transfer. 

1. Wind accretion 

● Wide separations, giants

2. Roche Lobe Overflow (RLOF) 

● Conservative vs. Non-conservative MT

3. Common Envelope Evolution (CEE)

● Unstable MT
● Can end in stellar merger or form 

post-common envelope binary (PCEB)
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Unresolved questions remain regarding these 
processes. 
Common Envelope Evolution (Paczynski 1976; Ivanova 2013) 

● How much does the orbit shrink? (Livio and Soker 1988; Zorotovic et al. 2010; Davis et al. 2011; 
Zorotovic and Schreiber 2022; Scherbak and Fuller 2024)

Ebind = 𝛼 𝛥Eorbital 

#
#
https://ui.adsabs.harvard.edu/abs/1988ApJ...329..764L/abstract
https://www.aanda.org/articles/aa/full_html/2010/12/aa13658-09/aa13658-09.html
https://academic.oup.com/mnras/article/419/1/287/1000805
https://academic.oup.com/mnras/article/513/3/3587/6575567
https://academic.oup.com/mnras/article/518/3/3966/6832783
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Unresolved questions remain regarding these 
processes. 

● What physics do we need to consider?
○ Recombination energy? (Lucy 1967; Paczyński and Ziółkowski 1968; Sabach 2017; Ivanova et al. 2015; 

Ivanova 2018; Grichener et al. 2018)
○ Jets from accretor? (Armitage and Livio 2000; Soker 2004, 2014; Moreno-Mendez 2017; Sabach 2017)

Common Envelope Evolution (Paczynski 1976; Ivanova 2013) 

● How much does the orbit shrink? (Livio and Soker 1988; Zorotovic et al. 2010; Davis et al. 2011; 
Zorotovic and Schreiber 2022; Scherbak and Fuller 2024)

Ebind = 𝛼 𝛥Eorbital Egrav + Eint + Erec + Ejet + …?  =

https://ui.adsabs.harvard.edu/abs/1967AJ.....72Q.813L/abstract
https://ui.adsabs.harvard.edu/abs/1968IAUS...34..396P/abstract
https://ui.adsabs.harvard.edu/abs/2017MNRAS.472.4361S/abstract
https://academic.oup.com/mnras/article/447/3/2181/987363
https://iopscience.iop.org/article/10.3847/2041-8213/aac101
https://academic.oup.com/mnras/article/478/2/1818/4992777?login=false
https://ui.adsabs.harvard.edu/abs/2000ApJ...532..540A/abstract
https://ui.adsabs.harvard.edu/abs/2004NewA....9..399S/abstract
https://ui.adsabs.harvard.edu/abs/2014arXiv1404.5234S/abstract
https://ui.adsabs.harvard.edu/abs/2017MNRAS.470.2929M/exportcitation
https://ui.adsabs.harvard.edu/abs/2017MNRAS.472.4361S/abstract
https://ui.adsabs.harvard.edu/abs/1988ApJ...329..764L/abstract
https://www.aanda.org/articles/aa/full_html/2010/12/aa13658-09/aa13658-09.html
https://academic.oup.com/mnras/article/419/1/287/1000805
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Unresolved questions remain regarding these 
processes. 

● What physics do we need to consider?
○ Recombination energy? (Lucy 1967; Paczyński and Ziółkowski 1968; Sabach 2017; Ivanova et al. 2015; 

Ivanova 2018; Grichener et al. 2018)
○ Jets from accretor? (Armitage and Livio 2000; Soker 2004, 2014; Moreno-Mendez 2017; Sabach 2017)

● Does the orbit circularize completely? (Glanz and Perez 2021, Trani et al. 2022, Sand et al. 2020, 
Bronner et al. 2024)

Common Envelope Evolution (Paczynski 1976; Ivanova 2013) 

● How much does the orbit shrink? (Livio and Soker 1988; Zorotovic et al. 2010; Davis et al. 2011; 
Zorotovic and Schreiber 2022; Scherbak and Fuller 2024)

Ebind = 𝛼 𝛥Eorbital Egrav + Eint + Erec + Ejet + …?  =
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Stable mass transfer

● What is the stability boundary? (i.e. the 
critical mass ratio; Paczynski 1965; Webbink 
1985; Hjellming and Webbink 1987; Passy et 
al. 2012; Pavlovskii and Ivanova 2015; Ge et 
al. 2015, 2020; Temmink et al. 2022)

Temmink at al. (2022)
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Unresolved questions remain regarding these 
processes. 

https://ui.adsabs.harvard.edu/abs/1965AcA....15...89P/abstract
https://ui.adsabs.harvard.edu/abs/1985ibs..book...39W/abstract
https://ui.adsabs.harvard.edu/abs/1985ibs..book...39W/abstract
https://ui.adsabs.harvard.edu/abs/1987ApJ...318..794H/abstract
https://ui.adsabs.harvard.edu/abs/2012ApJ...760...90P/abstract
https://ui.adsabs.harvard.edu/abs/2012ApJ...760...90P/abstract
https://academic.oup.com/mnras/article/449/4/4415/1207859
https://iopscience.iop.org/article/10.1088/0004-637X/812/1/40/meta
https://iopscience.iop.org/article/10.1088/0004-637X/812/1/40/meta
https://ui.adsabs.harvard.edu/abs/2020ApJ...899..132G/abstract
https://www.aanda.org/articles/aa/full_html/2023/01/aa44137-22/aa44137-22.html#R120
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Stable mass transfer

● What is the stability boundary? (i.e. the critical mass ratio; Paczynski 1965; Webbink 1985; 
Hjellming and Webbink 1987; Passy et al. 2012; Pavlovskii and Ivanova 2015; Ge et al. 2015, 
2020; Temmink et al. 2022)

● How much mass is accreted onto the companion vs. lost from the system? (i.e. 𝛽 parameter; 
Paczyński and Ziółkowski 1967; Sarna 1993; Langer 2003; Tauris and van den Heuvel 2006; 
de Mink et al. 2007)
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processes. 
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Stable mass transfer

● What is the stability boundary? (i.e. the critical mass ratio; Paczynski 1965; Webbink 1985; 
Hjellming and Webbink 1987; Passy et al. 2012; Pavlovskii and Ivanova 2015; Ge et al. 2015, 
2020; Temmink et al. 2022)

● How much mass is accreted onto the companion vs. lost from the system? (i.e. 𝛽 parameter; 
Paczyński and Ziółkowski 1967; Sarna 1993; Langer 2003; Tauris and van den Heuvel 2006; 
de Mink et al. 2007)

● How do we deal with eccentric RLO? (Hadjidemetriou 1969; Sepinsky et al. 2007; Hamers 
and Dosopoulou 2019; Kyle et al. 2024)
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Unresolved questions remain regarding these 
processes. 
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https://ui.adsabs.harvard.edu/abs/2020ApJ...899..132G/abstract
https://www.aanda.org/articles/aa/full_html/2023/01/aa44137-22/aa44137-22.html#R120
https://articles.adsabs.harvard.edu/pdf/1967AcA....17....7P
http://sarna
https://ui.adsabs.harvard.edu/abs/2003IAUS..212..275L/abstract
https://ui.adsabs.harvard.edu/abs/2006csxs.book..623T/abstract
https://ui.adsabs.harvard.edu/abs/2007A%26A...467.1181D/abstract
https://ui.adsabs.harvard.edu/abs/1969Ap%26SS...3...31H/abstract
https://ui.adsabs.harvard.edu/abs/2007ApJ...667.1170S/abstract
https://arxiv.org/abs/1812.05624
https://arxiv.org/abs/1812.05624
https://ui.adsabs.harvard.edu/abs/2024arXiv241111840A/abstract


My approach: WD + MS binaries 

Close (Porb ≲ 103 days) WD + MS binaries 

→ interacted prior to the formation of the 
WD

     → post-MT binaries 

Goal: Use their properties to constrain 
MT models

~ 0.1 - 1 AU

13



My approach: WD + MS binaries 

Close (Porb ≲ 103 days) WD + MS binaries 

→ interacted prior to the formation of the 
WD

     → post-MT binaries 

Goal: Use their properties to constrain 
MT models

~ 0.1 - 1 AU

14



Gaia DR3 Non-Single Stars (NSS) catalog: a treasure 
box of binaries

 > 160,000 astrometric orbital solutions 
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Gaia Collaboration, P. Panuzzo, et al. (2024)

http://www.youtube.com/watch?v=c_nFgolEO5w
https://aanda.org/10.1051/0004-6361/202449763


Gaia DR3 Non-Single Stars (NSS) catalog: a treasure 
box of binaries

 > 160,000 astrometric orbital solutions 

+ Astrometric Mass Ratio Function (AMRF; 
Shahaf et al. 2019, 2024)

A
M

R
F

Shahaf et al. (2024)

Single MS 
companion

Dark companion 
(or inner binary)
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A little tangent about the “triage” technique…
(Shahaf et al. 2019, 2022, 2024)

Astrometric mass 
ratio function: 

Consider three possible types of secondaries:
(1) Dark compact object: S = 0
(2) Single MS star or (3) Inner MS binary → need MLR, I     M 𝛽, to get S(q)



Dark secondary 

Equal-mass inner 
MS binary

Single MS 
secondary

Striple = 1 limiting case (inner 
binary becomes as bright at 
the primary star)
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Gaia DR3 Non-Single Stars (NSS) catalog: a treasure 
box of binaries

 > 160,000 astrometric orbital solutions  

+ Astrometric Mass Ratio Function (AMRF; 
Shahaf et al. 2019, 2024)

⇒  > 3000 WD + MS binary candidates! 

Probing a unique region of parameter space

Shahaf et al. (2024)

A
M

R
F

Single MS 
companion

Dark companion 
(or inner binary)
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Gaia DR3 Non-Single Stars (NSS) catalog: a treasure 
box of binaries

 > 160,000 astrometric orbital solutions

+ Astrometric Mass Ratio Function (AMRF; 
Shahaf et al. 2019, 2024)

⇒  > 3000 WD + MS binary candidates! 

Probing a unique region of parameter space

Also, > 180,000 SB1/SB2 solutions

Shahaf et al. (2024)

A
M

R
F

Single MS 
companion

Dark companion 
(or inner binary)
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Gaia DR3 WD + MS binaries weren’t as expected. 

● Lots of systems with Porb ~ 100 - 1000 d 
○ PCEB? Post - stable RLOF?
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Gaia DR3 WD + MS binaries weren’t as expected. 

● Lots of systems with Porb ~ 100 - 1000 d 
○ PCEB? Post - stable RLOF?

● Many eccentric systems! 
○ Inefficient tidal circularization? 

Eccentricity pumping?

~ 30% has e ≥ 0.2!
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1 day PCEBs
(Rebassa-Mansergas et al. 2007, 
Hernandez et al. 2021, 2022)
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Stable RLOF products
(Rappaport et al. 1995; Gao 
and Li 2023)
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Yamaguchi et al. (2024a): 
IK Peg analogs, ultra-massive 
WD candidates, Porb ~ months

IK Peg
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Yamaguchi et al. (2024c): 
RV follow-up of 31 objects from 
the AMRF sample
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Yamaguchi et al. (2024c): 



Yamaguchi et al. (2024c): 



Yamaguchi et al. (2024c): 
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Lots of interesting systems discovered from Gaia 
DR3 NSS astrometric binaries catalog 

…But how can we learn about the intrinsic 
population from these? 

Ongoing work: Constructing a 
mock AMRF Sample
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Lots of interesting systems discovered from Gaia 
DR3 NSS astrometric binaries catalog 

…But how can we learn about the intrinsic 
population from these? 

→ El-Badry et al. (2024): Forward model of the 
catalog

Synthetic stellar 
population

Galaxia + COSMIC
Mock observationsGaia scanning law + 

noise
Fit epoch astrometry, 

make cuts
Mock NSS 

Catalog

Halbwachs et al. (2023)
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Ongoing work: Constructing a 
mock AMRF Sample



REAL MOCK



My plan: Extend this work to reproduce AMRF sample
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My plan: Extend this work to reproduce AMRF sample

Questions: 

1. How many false candidates make it in? How many real ones are excluded?

M2a + M2b = M2M2

36
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My plan: Extend this work to reproduce AMRF sample

Questions: 

1. How many false candidates make it in? How many real ones are excluded?
2. What period, eccentricity, and WD mass distributions best reproduce features 

of the real catalog?
3. Can we physically motivate these distributions? 

37

Ongoing work: Constructing a 
mock AMRF Sample



Key properties of AMRF catalog:

● Large population with Porb ~ 100 - 1000 d
● Many eccentric systems 
● Deficit of high-mass WDs (Hallakoun et al. 2024)
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Key properties of AMRF catalog:

● Large population with Porb ~ 100 - 1000 d
● Many eccentric systems 
● Deficit of high-mass WDs (Hallakoun et al. 2024)

How was CEE handled in the original model?

ainit < 2 AU

ainit = 2 - 6 AU

Short-period PCEB
Pfinal = 1 day

e = 0

“Wide” PCEB
afinal = ainit/2
e = [0, 0.2]

90%

10%
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How was CEE handled in the original model?
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Ongoing work: Constructing a 
mock AMRF Sample

COMI
NG

SOON
!



43

To summarize…
● Close WD + MS binaries are useful probes of 

binary evolution
● Gaia DR3 lead to the discovery of a large 

population of AU-scale WD + MS binaries
○ Intermediate to standard predictions of 

stable vs. unstable MT
● My work aims to explore various aspects of this 

population to learn about their MT histories
○ Spectroscopic follow-up 
○ 1D stellar evolution models 
○ Forward modeling 

MS + MS

Common envelope 
evolution

Stable Roche 
lobe overflowWind accretion

P < 1 d
PCEBs

P > 1000 d
Post-stable MT binaries, 

Barium stars, etc. 

P ~ 10 - 1000 d
Wide PCEBs?

Close stable MT?

??? ?

~
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