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Gyrochronology

Meibom et al. 2015, Nature
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Open Cluster Observations
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Spada et al., 2011 and others

Barnes 2003, Barnes & Kim 2010

Figure from Brown 2014
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Spin-down models

{ dJ/dt =
f (Ω, M, R), Ω ≤ Ωcrit

g(Ω, M, R), Ω > Ωcrit

{ I = I1,
I0, C - sequence

I - sequence

Ω = J/I

Figure from Douglas et al., 2016

Matt et al., 2015



MDM,  Brown 2014
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Spin-down models

Ω = J/I
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Magnetic Activity Observations
Folsom et al. 2016



increasing complexity

Garraffo et al., 2015
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Magnetic Complexity
BATS-R-US (U. Michigan)



increasing complexity

Garraffo et al., 2015

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

1.E+01

J   
.  [1

031
g 

cm
2 /s

2  ]

B =100 G
B =  20 G
B =  10 G

0 2 4 6 8 10 12
Multipole Order

0.1

1.0

10.0

De
via

tio
ns

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

1.E+01

J   
.  [1

031
g 

cm
2 /s

2  ]

B =100 G
B =  20 G
B =  10 G

0 2 4 6 8 10 12
Multipole Order

0.1

1.0

10.0

De
via

tio
ns

J̇ = J̇DipQJ(n)

QJ(n) = 4.05 e�1.4n

Garraffo et al., 2016

t

t

Einstein Symposium, CfA - 10/02/18 

Magnetic Complexity



> 2.1M� 0.8� 1M� 0.08� 0.45M�0.45� 0.8M�

MKG

> ⌧

Ro = P

rot

/⌧

n = a/Ro+ 1

J̇Dip = c ⌦3⌧

J̇ = J̇DipQJ(n) QJ(n) = 4.05 e�1.4n

Skumanich

,

A Complete Spin-down Model

Initial rotation periods h Per, 13 Myrs old, after disk locking 

M,R,MoI, Teff, ⌧ evolutionary codes

K2 observations
vanSaders et al. 2016
Nature

Saturation

Garraffo et al. 2018
Population Synthesis:
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n = a/Ro+ 1J̇ = J̇DipQJ(n) QJ(n) = 4.05 e�1.4n,

150 Myrs 220 Myrs 400 Myrs

550 Myrs 1 Gyrs550 Myrs
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A Complete Spin-down Model
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A Complete Spin-down Model
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QJ(n) = 4.05e�1.4nJ̇ = J̇SkuQJ(n)

Including Complexity
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A Complete Spin-down Model

J̇ = J̇SkuQJ(n) ,
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Orbital Evolution of Close Binaries
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Wright & Drake, Nature 2016 

The Period Gap

Wright et al. 2018 
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Orbital Evolution of Close Binaries

Wright & Drake, Nature 2016 
Wright et al. 2018 



Late  
M-Dwarfs
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Orbital Evolution of Close Binaries
The Magnetic Nature of the Period Gap

Morin et al. 2010
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Orbital Evolution of Close Binaries
The Magnetic Nature of the Period Gap
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Orbital Evolution of Close Binaries

Spin-Down model in single systems:

— RL 
— R2 
— Re

The Magnetic Nature of the Period Gap

Garraffo et al. accepted to ApJ 
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Orbital Evolution of Close Binaries

Spin-Down model in synthetic populations:

The Magnetic Nature of the Period Gap

Period Gap!

Garraffo et al. accepted to ApJ 

Lacc ∝ GM1
·M2/R1



Summary
- Magnetic complexity is the missing 

ingredient for a complete spin-down model 

- The CV period gap is a consequence of 
stellar magnetic evolution  

- The same single star spin-down prescription 
that reproduces the OC observations holds 
for close binary systems and explains the CV 
period gap.
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Thank you!

“The answer is blowing in 
the wind…”
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Stellar Rotation
Application to Real Stars
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Lascelles, Garraffo + in prep

Wind Accretion in Pre-Cataclysmic 
Binaries

There is currently no way to directly detect the winds of late-
type MS stars
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Lascelles, Garraffo + in prep

Wind Accretion in Pre-Cataclysmic 
Binaries
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Lascelles, Garraffo + in prep

Aligned
Anti-aligned
Bondy-Hoyle Accretion Rate

Aligned
Anti-aligned
Bondy-Hoyle Accretion Rate

Wind Accretion in Pre-Cataclysmic 
Binaries
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1. How important is the 
missing the small scale?

We assume dipolar fields in our models, but observed 
magnetograms do not look dipolar.

ZDI magnetic map for V2129 Oph

Stellar Rotation
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1. How important is the 
missing the small scale?  

2. Do active regions affect 
angular momentum 
loss?

Solar magnetic map

We assume dipolar fields in our models, but observed 
magnetograms do not look dipolar.

Stellar Rotation
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1. How important is the 
missing the small scale? 

2. Do active regions affect 
angular momentum 
loss? 

3. How much does large 
scale morphology 
matter? 

AB Doradus

We assume dipolar fields in our models, but observed 
magnetograms do not look dipolar.

Stellar Rotation

CfA - 6/14/18 



How important is the missing the 
small scale? 

Solar magnetic map

ZDI magnetic map for V2129 Oph

Do active regions affect 
angular momentum loss?

Mass and AM loss rates change by a few

Garraffo et al. 2013

Garraffo et al. 2015

Stellar Rotation
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Garraffo et al. 2013

1. How important is the missing the small 
scale?

Stellar Rotation
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Active Regions
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2. Do active regions affect angular momentum loss?

Stellar Rotation
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Low latitude spots High latitude spots 

2. Do active regions affect angular momentum loss?

Garraffo et al. ApJ 2015 

Stellar Rotation
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Garraffo et al. ApJ 2015 
Low latitude spots High latitude spots 

2. Do active regions affect angular momentum loss?

    

Low latitude spots 

High latitude spots 

Angular Momentum Loss  

Stellar Rotation
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Wood et al., 2014

3. How much does morphology matter? 

Stellar Rotation

CfA - 6/14/18 



Magnetohydrodynamicetic Morphology 

Wood et al., 2014

Stellar Rotation
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3. How much does morphology matter? 
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