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The hunt for short-period
black hole companions to
Sun-like stars

or
“How can | publish my null result?”



Black Holes
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e Should be 107-10% BHs in Milky Way
e \We know ~20-70 in MW, almost all in XRBs

Black Hole!

Effectively

e \ery difficult to study when isolated single

Envelope

e Majority should be born in binaries stripping

e How many binaries survive? Estimates vary
by factor 10,000 !
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Short-period BH+LCs ‘
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MS+MS binary
(M1 > 25 Msun)
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How many non-accreting BH+MS binaries are there?
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Gaia Data Release 3 Special issue
Gaia Data Release 3
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So are BH+LC binaries just difficult to find?

Or are they really very rare?

... Can we set an upper limit on the population density?
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Ellipsoidal binaries

Target selection
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Ellipsoidal modu
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BEER =

BEaming
Ellipsoidal modulation
Reflection

Faigler et al. (2011,2013,2015a,b)



15,000 ellipsoidal binaries from TESS
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How to look for black holes?

Can calculate gmin based on
measured ellipsoidal amplitude
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How to look for black holes?

Can calculate gmin based on

measured ellipsoidal amplitude ,
Needs spectroscopic follow-up to

BUT!!! confirm

The derived gmin assumes: Follow-up of candidates finds that all
(so far) are contaminants!

1) Reliable M1 and R1
2) Binary is (semi-)detached
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Follow-up
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Our candidates

From 4 million TESS stars:

15000 binary systems (Green+ 2023)

450 BH-LC candidates
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NTT

INT
From 450 candidates ... Gaia SB1

Gaila SB2

Approx 60 followed up by us @ Gaia ogy
+ 200 from Gaia

=> No detection so far

Period [days]
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Injection-recovery tests

Flat TESS lightcurve + predicted ellipsoidal signal (Porb, M1, M2, cos i)

4

Two-dimensional
upper limits

Is it recovered?
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Overall

So far we can
exclude the most
optimistic models

The only
observational
constraint on the
non-accreting
BH+MS population at
short Porb so far

Green+ in prep
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How to look for the next black hole?
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Now, comparable search volume
to Gaia astrometry Green+ (in prep)

After DR4, astrometry will T

dominate
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For short periods, ellipsoidal still
the best method

But needs ~10-100x more target
stars
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El-Badry+ (2023)
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Summary

Short-period BH companions exist around less than one in 10° stars
Enough to rule out “optimistic” models (10%°) but not pessimistic models (107%)
Comparable to upper limit on long-period systems from astrometry

Black holes are difficult to find

Thank you for listening!

mjgreenastro@gmail.com https.//arxiv.org/abs/2211.06194
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