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Evolutionary stories require good ages

Luke Bouma
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Open cluster rotation sequences 
show how stars spin down

Binaries are removed; 
Fit from 3800 to 6200 K

Bouma+2023



80 Myr 
120 Myr 
300 Myr 
670 Myr 
1 Gyr 
2.6 Gyr

Binaries are removed; 
Fit from 3800 to 6200 K

Open cluster rotation sequences 
show how stars spin down

α P
er: B

oyle &
 B

oum
a 23, P

leiades: R
ebull+16, B

lanco-1: G
illen+20, P

sc-E
ri: C

urtis+19b, N
G

C
-3532: Fritzew

ski+19 
G

roup-X
: M

essina+22, P
raesepe: R

am
palli+21, N

G
C

-6811: C
urtis+19a, N

G
C

-6819: M
eibom

+15, R
uprecht-147: C

urtis+20

Bouma+2023



80 Myr 
120 Myr 
300 Myr 
670 Myr 
1 Gyr 
2.6 Gyr

Different ages can produce 
the same rotation period

Binaries are removed; 
Fit from 3800 to 6200 K

α P
er: B

oyle &
 B

oum
a 23, P

leiades: R
ebull+16, B

lanco-1: G
illen+20, P

sc-E
ri: C

urtis+19b, N
G

C
-3532: Fritzew

ski+19 
G

roup-X
: M

essina+22, P
raesepe: R

am
palli+21, N

G
C

-6811: C
urtis+19a, N

G
C

-6819: M
eibom

+15, R
uprecht-147: C

urtis+20

Bouma+2023



80 Myr 
120 Myr 
300 Myr 
670 Myr 
1 Gyr 
2.6 Gyr

Different ages can produce 
the same rotation period

Binaries are removed; 
Fit from 3800 to 6200 K

α P
er: B

oyle &
 B

oum
a 23, P

leiades: R
ebull+16, B

lanco-1: G
illen+20, P

sc-E
ri: C

urtis+19b, N
G

C
-3532: Fritzew

ski+19 
G

roup-X
: M

essina+22, P
raesepe: R

am
palli+21, N

G
C

-6811: C
urtis+19a, N

G
C

-6819: M
eibom

+15, R
uprecht-147: C

urtis+20



1) Interpolates between clusters 
0.08 - 4 Gyr, FGK (3800-6200 K) 

2) Fits the scatter 
Normal + trailing uniform distribution 
Let uniform distribution converge with ZAMS 

3) Calculates p(t | Prot,Teff) by 
marginalizing over scatter

Bouma+2023
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‣ Reproduces <4 Gyr spin-down 
With the evolving fast fraction! 
With stalled spin-down! 

‣ Prot,Teff ⇏ unique age 
Range of ages dictated by scatter in data

pip install gyro-interp



Current limitations

Assumes single, 
main-sequence stars

Assumes near-solar 
metallicities

Amard & Matt 2020 
Claytor+2020 

See+2024

Engle & Guinan 2023 
Lu+2024 

Saunders+2024

Calibration beyond 4Gyr, 
and for M-dwarfs



Kepler detected rotation for ≈one in three of its targets

Binaries are removed! 
Prot: McQuillan+14, Mazeh+15, Santos+19, Santos+21. Teff: Berger+20

Data: 23,813 stars Model: gyro-interp



Most Kepler Objects of Interest have Keck/HIRES spectra

Model: Jeffries+23, Weaver+24 
Li: Fulton+17, Johnson+17, Petigura+17, Berger+18, Bouma+24

1,464 stars

2,174 planets

Model: eagles



We blindly recover ages of known stars in Kepler’s open clusters
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Young Kepler stars 3-5x rarer than their 3 Gyr counterparts
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Young Kepler stars 3-5x rarer than their 3 Gyr counterparts
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Kepler’s age distribution is a product of both 
kinematic heating & star formation history

Bouma+2024X

Only kinematic heating Kinematic heating + SFR(t)avg(Z) = 230 pc



Color: t < 1 Gyr at 2σ 
Current lit.

Field ages offer 2-3x expansion for demographics at 0.1-1 Gyr
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Color: t < 1 Gyr at 2σ 
Current lit. + Bouma24
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Field ages offer 2-3x expansion for demographics at 0.1-1 Gyr



The precision limit for rotational and lithium ages is 
set by intrinsic scatter in open cluster distributions. 
• Rotation: gyro-interp (Bouma+23) 
• Lithium: eagles (Jeffries+23, Weaver+24) 
• Calibrated for: single FGK stars at < 4 Gyr near solar metallicity 

Youngest Kepler stars 3-5 x rarer than stars 3 Gyr old. 
• Age distribution product of both kinematic heating and declining SFR 
• Unresolved photometric binaries main source of uncertainty 

Know thy Galaxy, know thy planet age distribution. 
• Rotational ages for ~100 Kepler planets with t < 1 Gyr (Bouma+24) 
• Expands 0.1-1 Gyr sample 2-3x for demographic studies 
• TESS, PLATO, Roman, & Rubin offer sensitivity to broader populations, young & old.

Luke Bouma 
lgbouma.com

Image: Yuri Beletsky
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How precise are gyro-interp ages?
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How do unresolved binaries affect gyro ages?



gyro-interp (Prot) vs. eagles (Li) age scale comparison 
They mostly* agree, but not many stars overlap! 

*Kepler-786: mystery

Bouma+24 suppl.



gyro-interp (Prot) vs. Hall+21 (astseis) age scale comparison 
4/5 agree, heavily influenced by “far from MS” quality flag 

Bouma+24 suppl.





github.com/lgbouma/gyro-interp



How good is Prot ~ t1/2 ?


