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Dwarf novae
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White dwarf
Solar type star

Accretion disk

Dwarf novae are ideal to study accretion : 
- emission in the visible, UV 
- access to structure of the disk via eclipse mapping   
- high variability with time scales going from seconds to 

months 
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Variability in dwarf novae (DNe)

Luminosity coming from an ⍺-disk  
(Shakura & Sunyaev 1973) 

where turbulence is due to MRI. 
(Balbus & Hawley 1991)
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Disk instability model (DIM)
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Eruptive state ⍺ ~ 0.1  
(Kotko & Lasota 2012) 

Quiescent state ⍺ ~ 0.01 
(Cannizzo et al. 2012)
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Disk instability model (DIM)
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Can MRI explain the behavior of DNe?
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General method
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Compute ⍺ !!

Local shearing box

General method
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Magnetic configuration

Bz

Zero net flux Net flux 

Bz
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Brief review of ZNF MRI simulations

Isothermal, prescribed cooling:  
⍺ ~ 0.01  

(Hawley et al. 1996, Simon et al. 2012, Latter & Papaloizou 2012) 

Radiative transfer and realistic thermodynamic, stratified :  
⍺ ~ 0.03 on the cold branch 

⍺ ~ 0.1 on the hot branch near hydrogen ionization regime 
(Hirose et al. 2014)
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• Retrieve ⍺~0.1 on the hot branch with another code (PLUTO), 
different boundary conditions 

• Add resistivity on the cold branch (Gammie & Menou 1998)

Vertical 
stratification

gz

Motivations

MRI Turbulence

Bz
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Equilibrium curves with ZNF

⍺ prescription

1 point = 1 simulation

Scepi et al. 2018a
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Enhancement of ⍺
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⍺ is increasing up to 0.1 
on the convective hot branch!
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Cannot explain the light curves ! 
(Coleman et al. 2016)

(Coleman et al. 2016)

Enhancement of ⍺
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MRI turbulence is dead  
because of resistivity

Rm =
c2

s

Ωη

Rm=18 000

Resistive cold branch
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Resistive cold branch
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Conclusion for zero net flux simulations

⍺ ~ 0.1 near the tip of the hot branch! 
However, this does not reproduce the light curves 

(Coleman et al. 2016)

When we include resistivity MRI is quenched on the cold branch (as 
predicted by Gammie & Menou 1998). 

Yet, there is observational evidence that DNe in quiescence accrete 
(Mukai et al 2013).
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What happens if we add a large 
scale magnetic field ??
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What happens if we add a large scale 
magnetic field ??

β =
8πPthermal

< Bz >2
α ∝ β−0.5

(Hawley et al. 1995)

⍺~0.1 on the hot branch only requires the right magnetization

MRI turbulence goes to lower ionizations with net magnetic fields  
(Fleming et al. 2000)
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Equilibrium curves with net flux

• As we increase Bz, agreement 
with the DIM worsens.

Scepi et al. 2018b submitted
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Equilibrium curves with net flux

⍺cold > ⍺hot for Bz > 2 G 

βcold < βhot

• Since magnetic configuration 
unknown, we use a constant Bz.

• As we increase Bz, agreement 
with the DIM worsens.

Scepi et al. 2018b submitted



103

104

105

T
m

id
(K

)

B0 = 0.8 G

↵=0,02
↵=0,03
↵=0,05
↵=0,08

103

104

105

T
m

id
(K

)

B0 = 2 G

↵=0,02
↵=0,03
↵=0,05
↵=0,08

102 103

⌃ (g cm�2)

103

104

105

T
m

id
(K

)

B0 = 8 G

↵=0,02
↵=0,03
↵=0,05
↵=0,08

0.08

0.12

0.16

0.20

0.24

0.28

0.32

↵

0.032

0.040

0.048

0.056

0.064

0.072

0.080

0.088

0.096

↵

0.024

0.032

0.040

0.048

0.056

0.064

0.072

0.080

↵

 22

Equilibrium curves with net flux

Scepi et al. 2018b submitted

⍺cold > ⍺hot for Bz > 2 G 

βcold < βhot

• Since magnetic configuration 
unknown, we use a constant Bz.

• As we increase Bz, agreement 
with the DIM worsens.

• When Bz>2G, cold branch 
survives to lower densities but 

⍺ > 0.1 !
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Outflows

Accretion disk
Transport of angular momentum

CompanionWD

Accretion turbulence
outflows

·MRϕ
·Mzϕ

{ {·M = +
Mass accretion rate due 
to turbulent transport.

Mass accretion rate due 
to wind-driven transport.



Turbulent VS wind-driven accretion
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Ṁ
Z
�
)

Hot branch dominated 
by viscous accretion 

Cold branch 
dominated by the 

wind-driven accretion

Scepi et al. 2018b submitted



A new framework for the DIM
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Accretion disk

Transport of angular momentum

CompanionWD

Accretion turbulence

outflows

Disk with a wind will not behave 
as an ⍺-disk.

Q+ =
3GM ·M
4πR3

1 − (Rin

R

1/2

)

Need to review observational 
constraints with a disk-wind 

model.

X-ray flux in quiescence indicates 
higher accretion rates than 

predicted by the DIM model 
(Mukai 2017)

Q+ =
3GM

8πR7/2 ∫
R

Rin

·MRϕr−1/2dr

Turbulent case :

Turbulent + wind-driven case :



Conclusion
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• ZNF simulations do not provide the ⍺’s to reproduce the light curves 

• Net flux simulations show that wind-driven transport is a major dynamical 
component of DNe. Thus, we need to change the way we think about 

DNe. 

• We can link observations to theory to provide new constraints on the 
wind-driven and turbulent transport.



Thank you for your attention
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Model

Radiative transfer and MHD are resolved separately (Flock et al. 2013). 

Opacities, internal energy, thermodynamic quantities and resistivity are computed from 
tables 

Vertical stratification
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Scepi et al. 2018a
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Scepi et al. 2018a
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Historical framework : Turbulent/viscous accretion

Accretion disk

Angular momentum transport

CompanionWD

Accretion
turbulence

Turbulent transport modeled as a viscous transport 
 (Shakura & Sunyaev 1973)
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νeff = αcsH
where turbulence is supposedly due to MRI. 

 (Balbus & Hawley 1991)
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