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Back-reaction of dust on gas
in protoplanetary discs:

crucial, yet often overlooked



•	Sub-Keplerian	gas	drags	Keplerian	dust	⇒	dust	se3ling	and	dri4

Gas and dust dynamics
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op6mal	dri4	velocity	
(Nakagawa+1986)

gas	viscous	velocity	
(Lynden-Bell+Pringle1974)

gas	

radial	veloci6es	

dust

•												⇒	effects	of	back-reac6on
•	slows	down	dust	radial	dri4	
•	modifies	the	gas	mo6on

•	Dynamics	controlled	by	the	Stokes	number																									andSt =
⌦K⇢ss

⇢gcs
<latexit sha1_base64="WRwl+Pil1m8HqAyrpP8NKQ1XB90="></latexit><latexit sha1_base64="Ao8OIuklQMdq0w7FrECL6ZbbvXI="></latexit><latexit sha1_base64="Ao8OIuklQMdq0w7FrECL6ZbbvXI="></latexit><latexit sha1_base64="30Kl3TKOGujXntQriYSf2tziObc="></latexit>

✏ =
⇢dust
⇢gas

<latexit sha1_base64="aY8f85ApbehuKHcIHWeC8JzLLCc="></latexit><latexit sha1_base64="aY8f85ApbehuKHcIHWeC8JzLLCc="></latexit><latexit sha1_base64="aY8f85ApbehuKHcIHWeC8JzLLCc="></latexit><latexit sha1_base64="aY8f85ApbehuKHcIHWeC8JzLLCc="></latexit>

Youdin+Goodman2005,	Johansen+2007,	Bai+Stone2010,	
Yang+Johansen2014,	Drążkowska+Dullemond2014

•	Consequences	
•	Streaming	instability	
•	Self-induced	dust	traps Gonzalez+2017a,b

•												⇒	equa6ons	without	back-reac6on✏ = 0
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Gas and dust radial velocities
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Maps	of for	α	=	10-2

Gas	can	dri4	OUTWARDS	for																											of	a	few	%!	
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Practical case: a circumprimary 
disc in a binary star system

Careful	when	interpre6ng	observa6ons!

SPH	simula6ons,	gas	+	1	mm	grains

without	
back-reac6on

with	
back-reac6on


