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ALMA 

Observations

2

Andrews+ 2018

¥ Discs are highly structured. 

¥ The variety of sub-structures 
also have a variety of 
explanations.

Substructures in the dust continuum
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Ring & Gaps: 
Planets

Massive planets can carve open 
a gap in the disc.
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t=11450

Possible origins of the substructures
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Spirals: Gravitational 
Instability

For massive discs, gravitational 
instabilities occur due to the 
disc self-gravity.

4Possible origins of the substructures
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Observations 

of Shadows

HD 142527 (Avenhaus+ 2017) HD 100453 (Benisty+ 2017) GG Tau (Keppler+ 2020)

GW Orionis (Kraus+ 2020) HD 143006 (Benisty+ 2018) J1604.3Ð2130 (Pinilla+ 2018)

Substructures in scattered light 5
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Origin of 
Shadows

A misaligned inner disc 
casts a shadow onto 

the outer disc.
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Marino+ 2015

Outer disc plane

Inner d
isc plane Inner Disc

Outer Disc
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Flyby Induced Misalignment

t=0

25 au

t~tperi t>tperi

Nealon+ 2020
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Shadows can also 
create spirals
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Su+ 2024

Temperature
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Shadows can also 
create spirals
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Su+ 2024

Surface Density
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But when the hydrodynamics 
of the inner disc is included, 

spirals were not seen. 
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Nealon+ 2020
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MISALIGNED 
CIRCUMBINARY DISCS



Initial Disc Setup
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Md = 0.2M!

M" = 0.5M!

i = 45#



Initial Disc Setup
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Md = 0.2M!

M" = 0.5M!

i = 45#

Isothermal, and without self-gravity
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The Formation of 
Leading Spiral Arms

12Evolution of a  disc0.2M!
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A Misaligned Disc

Leading spiral arms are launched 
where the misaligned inner disc 

connects to the outer disc. 

13The connection between the inner and outer disc
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A Broken Disc

The inner and outer disc are 
disconnected. Hence, there are no 

leading spiral arms.

14The connection between the inner and outer disc
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An Aligned Disc

The two connecting nodes no 
longer exist. Hence the leading 

spirals also disappear.

15The connection between the inner and outer disc



The Velocity 
Structure

Sahl Rowther 16The connection between the inner and outer disc



The Velocity 
Structure
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The Velocity 
Structure
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The Velocity 
Structure

Sahl Rowther 16The connection between the inner and outer disc
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Calculating the Relative 
Disc Misalignment 

17

<latexit sha1_base64="NVYClVOs6iD7gw7+mjdu3J5/LWY=">AAACZnicjVDBSiNBFOzMqqtRY3YX8eClMQgqGDKyuHsRZL14VDCJkI6hp/Mm09jTPXS/EcIwv7h3v0A/YK8rdmIOKgYsaCiq6vFeV5Qp6bDVuq8EXxYWl74ur1RX19ZrG/Vv3zvO5FZAWxhl7HXE HSipoY0SFVxnFngaKehGt2cTv3sH1kmjr3CcQT/lIy1jKTh6aVBPGCaAnJ5QJoy7KQ7DkjIFMe5RdhcdFCzhWDBQqiwHLOWY2LSQWoP1MTE0OD9lcpymrBwluF8d1BthszUFnU8aZIaLQf2BDY3IU9AoFHeuF7Yy7BfcohQKyirLHWRc3PIR9DzVPAXXL6aNlHTXK0MaG+ufRjpVX08UPHVunEY+OTnXvfcm4kdeL8f4d983kPnfafGyKM4VRUMn9dKhtCBQjT3hwkp/KxUJt1z4Mt5uyZKxk8KVn2ymc9QMj5vHlz8bp39mHS2TbbJD9khIfpFTck4uSJsI8pf8I//JU+UxqAWbwdZLNKjMZn6QNwjoMzBTvU4=</latexit>

! = cos! 1
!

ö! inner áö! outer

"

Unit angular 
momentum vector



Sahl Rowther

Calculating the Relative 
Disc Misalignment 
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Calculating the Relative 
Disc Misalignment 
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When do  

leading spirals 

form?

Evolution of relative disc misalignment
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Leading Spirals are 

Independent of Disc Physics

Isothermal Live Radiative Transfer Live Radiative Transfer and Self-Gravity

Including more realistic physics
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A LOWER DISC MASS



Initial Disc Setup
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Md = 0.02M!

M" = 0.5M!

i = 45#

With live radiative transfer
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The Formation of 

Leading & Trailing 

Spiral Arms

22

$/ ø$

Evolution of a  disc0.02M!
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Shadows

23Why are there trailing spirals?
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When are 

trailing spirals 

seen?

24Evolution of relative disc misalignment
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DUE TO THE DYNAMICS OF THE INNER AND OUTER 
DISC AT MODERATE MISALIGNMENTS

LEADING SPIRALS
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DUE TO SHADOWS CAST BY A HIGHLY 
MISALIGNED INNER DISC

TRAILING SPIRALS
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Conclusions

¥ In a misaligned cicumbinary disc, there are two mechanisms that can 

generate spiral structures. 

¥ At moderate misalignments, the inner disc remains connected to the outer 

disc at two nodes from which leading spirals are formed. 

¥ Shadows are able to launch trailing spirals when the inner disc is 

disconnected from the outer disc.
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Similar evolution 
of the relative 

disc misalignment

Isothermal vs Live Radiative Transfer
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No trailing spirals in the 
isothermal simulation

29

Is
ot

he
rm

al
R

ad
ia

tiv
e 

Tr
an

sf
er

Isothermal vs Live Radiative Transfer
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Removing the inner disc
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Resolution 
Test

The formation of 
leading spirals is 

consistent
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1M Particles 8M Particles


