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Supplementary material: Richtmyer–Meshkov instability when
a shock is reflected for fluids with arbitrary equation of state
M. Napieralski, F. Cobos, A.L. Velikovich, and C. Huete

S.1. Base-flow quilibrium conditions
To calculate the base flow equilibrium, it is necessary to solve the conservation equations
across the shocks along with the mechanical equilibrium condition at the interface. In the
absence of disturbances, the regions separated by each shock wave and the contact interface
are steady and uniform. The changes in flow variables across each shock are governed by the
Rankine-Hugoniot (RH) equations, which state:

[dD] = 0,
[
? + dD2] = 0,

[
� + ?

d
+ 1

2
D2

]
= 0, (S.1.1)

for mass, momentum, and energy, respectively, where the square brackets [...] denote the
difference between the indicated quantities’ values ahead and behind the shock front. In
(S.1.1), d, D, ?, and � represent density, velocity, pressure, and internal energy, respectively,
evaluated on both sides of each shock wave. The material velocity is measured in the
corresponding shock reference frame. The zero-order problem formulation is completed
after providing the equilibrium conditions that must be imposed at the planar interface:
?2C = ?2A and *2(G < 0) = *2(G > 0). The notation used here corresponds to the sketch in
Fig. 1 of the main text. Additionally, along with the isobaric condition, an extra parameter is
required to relate the initial thermodynamic states of the fluids on both sides of the interface.
The parameter typically used is the pre-interaction Atwood number, defined as

A0 =
d0C − d0A
d0C + d0A

(S.1.2)

that is bounded by −1 < A0 < 1. The pressure continuity at the contact interface, ?2C = ?2A ,
can be written as a function of the shock pressure jumps:

PAP8 = PC , (S.1.3)

where PA = ?2A/?1A , P8 = ?1A/?0A , and PC = ?2C/?0C correspond to the pressure jump
functions across the reflected, incident and transmitted shocks, respectively. On the other
hand, the continuity in the streamwise velocity*2(G < 0) = *2(G > 0) renders
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that involvesmore parameters. The functionsMA = (�'
+*1)/21A ,M8 = � �

/20A , andMC =

�
)
/20C stand for the reflected, incident and transmitted shock Mach numbers, respectively.

The 2 functions identify the corresponding sound speeds, that must be computed upon
determination of the associated EoS. Equation (S.1.4) also depends on the corresponding
density jump functions, which read, RA = d2A/d1A , R8 = d1A/d0A , and RC = d2C/d0C .
Additionally, the associated sonic coefficients, that in the general case are state functions,
are defined as ^ = d22/?, where, again, 2 represents the speed of sound. Finally, the post
shock Mach numbers are defined as M2A = (�'

+ *2)/22A , M28 = (� �
− *1)/21A , and

M2C = (�)
−*2)/22C .
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S.2. Equilibrium conditions for Van der Waals equations of state
The Van der Waals (vdW) equation of state (EoS) provides a more accurate description of
real fluid behaviour than the ideal gas law. It takes into account the effect associated with
non-contact interaction between particles and the finite volume they occupy. In this case,
pressure and internal energy read as
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1 − 1d − 0d
2 and � =

'6)
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− 0d, (S.2.1)

where '6 is the gas constant and W is the adiabatic index. The parameters 0 and 1 have
positive values and are specific to each gas. With respect to the ideal gas EoS, the term
involving the constant 0 corrects for intermolecular attraction, while 1 represents the volume
occupied by the gas particles. The speed of sound and the internal energy are written as
functions of pressure and density

22 =
W(? + d20)
d(1 − 1d) − 20d and � =

(? + d20) (1 − 1d)
d(W − 1) − 0d. (S.2.2)

It is readily seen that the (S.2.1) shifts to the ideal gas model when 0 and 1 approach
zero, namely ? = d'6) and � = '6)/(W − 1). Simple manipulation of (S.2.2) provides
22 = W'6) = W?/d as the square of the speed of sound for an ideal gas.
To compute the shock jump conditions across the shocks, the dimensionless constants

are conveniently reduced with preshock conditions, i.e., aA = 0A d2
0A/?0A and `A = 1A d0A ,

yielding the following RH curve for the incident shock:
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,

(S.2.3)
where the pressure jump P8 = ?1A/?0A is expressed as function of the density jump R8 =
d1A/d0A and the three parameters associated with the EoS: WA , aA and `A . Likewise, upon
definition of aC = 0C d2

0C/?0C and `C = 1C d0C for the transmitted shock, and a1A = 0A d
2
1A/?1A

and `1A = 1A d1A for the reflected shock, the corresponding RH curves are:
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,

(S.2.4a)
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,

(S.2.4b)

where the pressure jumps PA = ?2A/?1A = PA (RA , WA , aA , `A ) and PC = ?2C/?0C =
PC (RC , WC , aC , `C ) are explicit functions of the density jumps (RA = d2A/d1A and RC =
d2C/d0C ) and the EoS parameters. Notice that the EoS parameters for the reflected shock are
in fact functions of the incident shock intensity and this relationship is explicitly established
through straightforward scaling: a1A = aAR2

8
/P8 and `1A = `AR8 .

It is found convenient to describe the dependence of the postshock flow with the
corresponding shock strengths, which can be deducedwith the aid of the Rayleigh–Michelson
relationships, i.e., from direct combination of mass and momentum conservation equations,
the corresponding shock Mach numbers can be derived:
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for the incident, transmitted and reflected shocks, respectively. In writing (S.2.5), we have
made use of the sonic coefficient ^ = d22/? that takes the following form for each shock
wave:
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− 2aA , ^C = WC
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− 2aC , ^1A = WA
1 + a1A
1 − `1A

− 2a1A . (S.2.6)

Likewise, the postshockMach numbers are explicit functions of the previous relationships:
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where the post-interaction reflected and transmitted sonic coefficients are:

^2A = WA
1 + a1AR2

A/PA
1 − `1ARA

− 2a1AR2
A/PA , ^2C = WC
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C /PC
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C /PC . (S.2.8)

Beyond the postshock Mach numbers (M2A ,M2C ), and density jumps (RA , RC ), the linear
problem demands the knowledge of additional parameters for each transmitted and reflected
shocks. They are the corresponding shock ripple initial amplitudes b0

C and b0
A , and the so-

called DK parameters, ℎC and ℎA that measures the slope of the RH curve in the post-shock
state. The latter are simply given by
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while the initial amplitudes take the following form
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The initial amplitude of the interface is also required to compute the transient stage of
the RMI. Measured right after the two shocks detach, it differs from the pre-interaction
amplitude:
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Finally, the V parameter is found useful in the linear problem formulation as it relates the
speeds of sound behind the transmitted and reflected shocks. A specific relationship for two
vdW gases reads as:

V =
22A
22C

=
M2CRCMA

M2ARAMC

√
P8
R8
^1A
^C

1 − A0
1 + A0

=

√
RC
RAR8

^2A
^2C

. (S.2.12)

An arbitrary example of the post-interaction equilibrium is presented in Fig.S.1, where
diagram pressure-velocity is computed for a shock moving with different intensities (M8 =

1.235, 2, 3 and 4) and the interface is characterised by the Atwood number A0 = 2/3
and the EoS coefficients: WA = 31/30, aA = 0, `A = 0 (highly compressible ideal gas) and
WC = 31/30, aA = 0.5, `A = 0.1 (moderate compressibility and non-negligible Coulomb and
covolume effects). Red (�), blue ()) and dashed-black (') curves correspond to the associated
pressure-velocity curves of the incident, transmitted and reflected shocks, respectively. For
convenience, the axes are nondimensionalised with ?0 and 20A , respectively. The red circles
are determined by the incident shock intensity, so that D1/20A = (1−R−1

8
)M8 and ?1/?0 = P8 .

The blue circles, on the other hand, are given by the equilibrium condition, see (S.1.3) and
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<latexit sha1_base64="fzYWue6eHzzwic5ko+jMDG3TMIU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJ8bYRCm5cVrAXaEOZTE/asTNJmJkIJfQddCXqzufxBXwbpzULbf1X35z/Hzj/CRLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKHiETcONwE6ikMpAYDsY38z89iMqzePo3kwS9CUdRjzkjBo7avdk2lfXbr9ccavuXGQZvBwqkKvRL3/2BjFLJUaGCap113MT42dUGc4ETku9VGNC2ZgOsWsxohK1n83XnZKTMFbEjJDM37+zGZVaT2RgM5KakV70ZsP/vG5qwis/41GSGoyYjVgvTAUxMZm1JgOukBkxsUCZ4nZLwkZUUWbsbUq2vrdYdhlatap3UT2/O6vUa/khinAEx3AKHlxCHW6hAU1gMIZneIN358F5cl6c159owcn/HMIfOR/fwYqMyw==</latexit>

µr = 0

<latexit sha1_base64="S5e9smlkM4n3w1crdhYb8BTTJZ0=">AAAB6nicbZDNSgMxFIXv+FvrX9Wlm2ARXA0zxaoboeDGZQX7I+1QMumdNjSTGZKMUEpfQlei7nwcX8C3Ma2z0Naz+nLPCdxzw1RwbTzvy1lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObmZ+6xGV5om8N+MUg5gOJI84o8aOHroy65lrz632SmXP9eYiy+DnUIZc9V7ps9tPWBajNExQrTu+l5pgQpXhTOC02M00ppSN6AA7FiWNUQeT+cJTcholipghkvn7d3ZCY63HcWgzMTVDvejNhv95ncxEV8GEyzQzKJmNWC/KBDEJmfUmfa6QGTG2QJnidkvChlRRZux1ira+v1h2GZoV179wq3fn5VolP0QBjuEEzsCHS6jBLdShAQxieIY3eHeE8+S8OK8/0RUn/3MEf+R8fAOo2I1F</latexit>

⌫t = 0.5
<latexit sha1_base64="CQerOrtz9aBPVz9oM7+0JqoCgb0=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJ8bYRCm5cVrAXaEOZTE/asZNJmJkIJfQddCXqzufxBXwbpzULbf1X35z/Hzj/CRLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWN5byYJ+hEdSh5yRo0dtXsy7atrt1+uuFV3LrIMXg4VyNXolz97g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+brTslJGCtiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMskNSiZjVgvTAUxMZm1JgOukBkxsUCZ4nZLwkZUUWbsbUq2vrdYdhlatap3UT2/O6vUa/khinAEx3AKHlxCHW6hAU1gMIZneIN358F5cl6c159owcn/HMIfOR/fww2MzA==</latexit>

⌫r = 0

<latexit sha1_base64="YjOqFAZ0oditMpIYws1v8YOSmTI=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJGWeFuSuHEJRi4JNGQ6nMKEaaeZmZqQhhfQlVF3PpIv4Ns4YBcK/qtvzv9Pcv4TJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61tUwVwxaTQqpuQDUKHmPLcCOwmyikUSCwE0xu537nEZXmMn4w0wT9iI5iHnJGjR017wflilt1FyKr4OVQgVyNQfmzP5QsjTA2TFCte56bGD+jynAmcFbqpxoTyiZ0hD2LMY1Q+9li0Rk5C6UiZoxk8f6dzWik9TQKbCaiZqyXvfnwP6+XmvDGz3icpAZjZiPWC1NBjCTzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65Cu1b1rqqXzYtKvZYfoggncArn4ME11OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/foPWKZQ==</latexit>

R

<latexit sha1_base64="YjOqFAZ0oditMpIYws1v8YOSmTI=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJGWeFuSuHEJRi4JNGQ6nMKEaaeZmZqQhhfQlVF3PpIv4Ns4YBcK/qtvzv9Pcv4TJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61tUwVwxaTQqpuQDUKHmPLcCOwmyikUSCwE0xu537nEZXmMn4w0wT9iI5iHnJGjR017wflilt1FyKr4OVQgVyNQfmzP5QsjTA2TFCte56bGD+jynAmcFbqpxoTyiZ0hD2LMY1Q+9li0Rk5C6UiZoxk8f6dzWik9TQKbCaiZqyXvfnwP6+XmvDGz3icpAZjZiPWC1NBjCTzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65Cu1b1rqqXzYtKvZYfoggncArn4ME11OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/foPWKZQ==</latexit>

R

<latexit sha1_base64="YjOqFAZ0oditMpIYws1v8YOSmTI=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJGWeFuSuHEJRi4JNGQ6nMKEaaeZmZqQhhfQlVF3PpIv4Ns4YBcK/qtvzv9Pcv4TJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61tUwVwxaTQqpuQDUKHmPLcCOwmyikUSCwE0xu537nEZXmMn4w0wT9iI5iHnJGjR017wflilt1FyKr4OVQgVyNQfmzP5QsjTA2TFCte56bGD+jynAmcFbqpxoTyiZ0hD2LMY1Q+9li0Rk5C6UiZoxk8f6dzWik9TQKbCaiZqyXvfnwP6+XmvDGz3icpAZjZiPWC1NBjCTzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65Cu1b1rqqXzYtKvZYfoggncArn4ME11OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/foPWKZQ==</latexit>

R
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<latexit sha1_base64="L6U7SCWlUv0BgpJLxJo4joMDWIc=">AAAB9XicbVDLTsJAFJ3iC/FVcelmIjFxhS0adGOCunGJiTwSaJrpcAsTpo/MTFXS8Cm6MurOH/EH/Bun2IWCZ3XuPecm5x4v5kwqy/oyCkvLK6trxfXSxubW9o65W27LKBEUWjTikeh6RAJnIbQUUxy6sQASeBw63vg60zv3ICSLwjs1icEJyDBkPqNE6ZVrltN+QNSIEo4vp651UTs+cc2KVbVmwIvEzkkF5Wi65md/ENEkgFBRTqTs2VasnJQIxSiHaamfSIgJHZMh9DQNSQDSSWfZp/jQjwRWI8Cz+bc3JYGUk8DTniyinNey5X9aL1H+uZOyME4UhFRbtOYnHKsIZxXgARNAFZ9oQqhgOiWmIyIIVbqokn7fnn92kbRrVbterd+eVhpXeRFFtI8O0BGy0RlqoBvURC1E0SN6Rm/o3XgwnowX4/XHWjDymz30B8bHNywIkO4=</latexit>A0 = 2/3

<latexit sha1_base64="Ex4TmhmNcJi7JnsgDqEKF/PNDTw=">AAAB73icbZDNTsJAFIWn+If4h7p000hMXGErBt2YEN24xER+EqjkdpjChJm2ztyakIbn0JVRd76LL+DbOGAXCp7VN/ecSe65fiy4Rsf5snJLyyura/n1wsbm1vZOcXevqaNEUdagkYhU2wfNBA9ZAzkK1o4VA+kL1vJH11O/9ciU5lF4h+OYeRIGIQ84BTSj++4ApIQeXlbck4rTK5acsjOTvQhuBiWSqd4rfnb7EU0kC5EK0LrjOjF6KSjkVLBJoZtoFgMdwYB1DIYgmfbS2dYT+yiIlI1DZs/ev7MpSK3H0jcZCTjU8950+J/XSTC48FIexgmykJqI8YJE2BjZ0/J2nytGUYwNAFXcbGnTISigaE5UMPXd+bKL0Dwtu9Vy9fasVLvKDpEnB+SQHBOXnJMauSF10iCUKPJM3si79WA9WS/W6080Z2V/9skfWR/fvAePCw==</latexit>

�t = 31/30
<latexit sha1_base64="mnQALiDZy/4EP+SR2PkpSDRkx2g=">AAAB73icbZDNTsJAFIVv8Q/xD3XpppGYuMJWDLoxIbpxiYn8JFDJ7TCFCTNtnZmakIbn0JVRd76LL+DbOGAXCp7VN/ecSe65fsyZ0o7zZeWWlldW1/LrhY3Nre2d4u5eU0WJJLRBIh7Jto+KchbShmaa03YsKQqf05Y/up76rUcqFYvCOz2OqSdwELKAEdRmdN8doBDYk5cV96Ti9Iolp+zMZC+Cm0EJMtV7xc9uPyKJoKEmHJXquE6svRSlZoTTSaGbKBojGeGAdgyGKKjy0tnWE/soiKSth9SevX9nUxRKjYVvMgL1UM170+F/XifRwYWXsjBONA2JiRgvSLitI3ta3u4zSYnmYwNIJDNb2mSIEok2JyqY+u582UVonpbdarl6e1aqXWWHyMMBHMIxuHAONbiBOjSAgIRneIN368F6sl6s159ozsr+7MMfWR/fuP+PCQ==</latexit>

�r = 31/30

<latexit sha1_base64="724iKdmFT/dghmfOm615sHloQs8=">AAAB83icbZDLSgMxFIbP1Futt1GXboJFcFVmqlY3QtGNG6GCvUA7lEx62oZmLiSZQhn6JLoSdeeb+AK+jWmdhbb+qy/n/wPn/H4suNKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRDKss0hEsuVThYKHWNdcC2zFEmngC2z6o9uZ3xyjVDwKH/UkRi+gg5D3OaPajLq2nXYYFeR+2uXXbql8cda1i07JmYssg5tBETLVuvZnpxexJMBQM0GVartOrL2USs2ZwGmhkyiMKRvRAbYNhjRA5aXzzafkpB9JoodI5u/f2ZQGSk0C32QCqodq0ZsN//Paie5feSkP40RjyEzEeP1EEB2RWQGkxyUyLSYGKJPcbEnYkErKtKmpYM53F49dhka55FZKlYfzYvUmKyIPR3AMp+DCJVThDmpQBwZjeIY3eLcS68l6sV5/ojkr+3MIf2R9fANUWY/a</latexit>Mi = 1.253

Figure S.1: Solution of the base-flow interaction of a planar shock crossing an interface
separating a vdW gas (right side) and an ideal gas (left side). Conditions are computed for
M8 = 1.253, as in Fig.2 c) of the main text, and 2, 3, 4. The Atwood number is A0 = 2/3.

(S.1.4), that finally determines the intensities of the transmitted and reflected shocks, along
with the postshock flow properties.
We want to emphasise that the linear theory developed in this study exclusively pertains to

the shock-reflected scenario. In order for this condition to hold, it is imperative that the blue
curve ()) be positioned above the red curve (�). Consequently, equilibrium, under a specified
incident shock intensity, can solely be achieved via compression, i.e., a reflected shock (').
This might not be easy to anticipate when the EoS parameters describing the two fluids are
very different. For non-ideal EoS, the type of problem (reflected shock or rarefaction) might
be predicted numerically. There exists the possibility of neutral interactions. Such cases refer
to conditions where there is no reflected wave (or it takes the form of a simple acoustic wave
when the interface is distorted). It occurs when the blue ()) and red (�) curves intersect:
P8 = PC and *1 = *2. For example, within the vdW EoS framework presented in this work,
neutral interactions may appear for a large variety of conditions. A general rule is that, for
WA > WC , neutral transmission occurs for positive values of A0 (the transmitted shock enters
in a higher density zone), while the opposite applies for WC > WA .
In Fig.2 c) of the main text, the evolution of the pressure perturbation at the shocks is

illustrated for a case involving two VdW gases under the conditions specified in Fig.S.1, with
an incident Mach number of M8 = 1.235. In this scenario, the transmitted shock exhibits
Spontaneous Acoustic Emission (SAE), since the parameter ℎC exceeds the critical value ℎ2C .
Given that this is a very specific case, it is essential to determine whether the SAE condition
persists when varying the initial conditions for the same gas configuration, i.e., modifying
the incident shock strength and the Atwood number. This analysis is presented in Fig.S.2
as contour plots of the function ℎ2C − ℎC , where the beige-coloured region indicates SAE
or non-decaying oscillations for the transmitted shock in the long-time regime. It is readily
seen that such neutrally stable condition is more sensitive to variations in shock strengthM8
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<latexit sha1_base64="V8cbS5/mSz8EHTzM2iJhTQw33gU=">AAAB7XicbZDNSsNAFIVv6l+tf1WXbgaL4KokItVl0Y0boYK1haaUyfSmHTrJhJmJUEIeQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBtXHdL6e0srq2vlHerGxt7+zuVfcPHrRMFcM2k0KqbkA1Ch5j23AjsJsopFEgsBNMrmd+5xGV5jK+N9ME+xEdxTzkjBo78jOfUUFu80HG80G15tbducgyeAXUoFBrUP30h5KlEcaGCap1z3MT08+oMpwJzCt+qjGhbEJH2LMY0wh1P5vvnJOTUCpixkjm79/ZjEZaT6PAZiJqxnrRmw3/83qpCS/7GY+T1GDMbMR6YSqIkWRWnQy5QmbE1AJlitstCRtTRZmxB6rY+t5i2WV4OKt7jXrj7rzWvCoOUYYjOIZT8OACmnADLWgDgwSe4Q3eHek8OS/O60+05BR/DuGPnI9v21KPQw==</latexit>Mi

<latexit sha1_base64="80w4G7FpGtqx/KD7JLipKe8Fic8=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY9Al0Y1LNCIklJDpcAsTpp1mZmpCmj6Groy682V8Ad/GAbtQ8Ky+uedMcs8NEsG1cd0vp7Syura+Ud6sbG3v7O5V9w8etEwVwzaTQqpuQDUKHmPbcCOwmyikUSCwE0yuZ37nEZXmMr430wT7ER3FPOSMGjvyM59RQe7yQebmg2rNrbtzkWXwCqhBodag+ukPJUsjjA0TVOue5yamn1FlOBOYV/xUY0LZhI6wZzGmEep+Nt85JyehVMSMkczfv7MZjbSeRoHNRNSM9aI3G/7n9VITXvYzHiepwZjZiPXCVBAjyaw6GXKFzIipBcoUt1sSNqaKMmMPVLH1vcWyy/BwVvca9cbtea15VRyiDEdwDKfgwQU04QZa0AYGCTzDG7w70nlyXpzXn2jJKf4cwh85H9+Nmo8P</latexit>R0

<latexit sha1_base64="eEyDZVws2hLLVEwQzDercGdylec=">AAAB7XicbVBNT8JAEN3iF+IX6tHLRmLiRdIagx6JXjxiIkICDdkuU9iw7Ta7UxPS9Gfoyag3/4x/wH/jgj0o+C7zZt6bZN4EiRQGXffLKa2srq1vlDcrW9s7u3vV/YMHo1LNoc2VVLobMANSxNBGgRK6iQYWBRI6weRmpnceQRuh4nucJuBHbBSLUHCGdtQfDzKO+ZktmA+qNbfuzkGXiVeQGinQGlQ/+0PF0whi5JIZ0/PcBP2MaRRcQl7ppwYSxidsBD1LYxaB8bP5zTk9CZWmOAY67397MxYZM40C64kYjs2iNhv+p/VSDK/8TMRJihBza7FamEqKis6i06HQwFFOLWFcC3sl5WOmGUf7oIqN7y2GXSYP53WvUW/cXdSa18UjyuSIHJNT4pFL0iS3pEXahJOEPJM38u4o58l5cV5/rCWn2Dkkf+B8fANECY+I</latexit>

hct � ht

<latexit sha1_base64="BvLv8jlpFThcW+D0K/hpDNMs8K0=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqheh6MVjBWsLbSib7aRdusmG3YlQQn6GnkS9+Wf8A/4btzUHbX2XeTPvDcybIJHCoOt+OaWV1bX1jfJmZWt7Z3evun/wYFSqObS5kkp3A2ZAihjaKFBCN9HAokBCJ5jczPTOI2gjVHyP0wT8iI1iEQrO0I7640HGMb+yBfNBtebW3TnoMvEKUiMFWoPqZ3+oeBpBjFwyY3qem6CfMY2CS8gr/dRAwviEjaBnacwiMH42vzmnJ6HSFMdA5/1vb8YiY6ZRYD0Rw7FZ1GbD/7ReiuGln4k4SRFibi1WC1NJUdFZdDoUGjjKqSWMa2GvpHzMNONoH1Sx8b3FsMvk4azuNeqNu/Na87p4RJkckWNySjxyQZrklrRIm3CSkGfyRt4d5Tw5L87rj7XkFDuH5A+cj29cOY+Y</latexit>

hct = ht

<latexit sha1_base64="cThsRbcI8LJPNVSPhCiWQ1+GsB0=">AAAB63icbZC9TsMwFIWd8lfKX4GRxaJCYqqSDoWxAgbGItEW0UaV4940Vm0nsh1QFPUpYELAxtvwArwNbskALWf6fM+xdM8NEs60cd0vp7Syura+Ud6sbG3v7O5V9w+6Ok4VhQ6NeazuAqKBMwkdwwyHu0QBEQGHXjC5nPm9B1CaxfLWZAn4gowlCxklxo7ur4CSDD8yEw2rNbfuzoWXwSughgq1h9XPwSimqQBpKCda9z03MX5OlGGUw7QySDUkhE7IGPoWJRGg/Xy+8RSfhLHCJgI8f//O5kRonYnAZgQxkV70ZsP/vH5qwnM/ZzJJDUhqI9YLU45NjGfF8YgpoIZnFghVzG6JaUQUocaep2Lre4tll6HbqHvNevOmUWtdFIcooyN0jE6Rh85QC12jNuogiiR6Rm/o3RHOk/PivP5ES07x5xD9kfPxDSMljj4=</latexit>

Decay with
<latexit sha1_base64="As8wm1VAqrzqIsY+1MHc5PTFelM=">AAAB8nicbZC7TsMwFIYdrqVcGmBksaiQWChJhQpjBQtjkehFakPkuE5r1bnIPkaqorwITAjYeBRegLfBLRmg5Z8+n/+3dP4TpIIrcJwva2V1bX1js7RV3t7Z3avY+wcdlWhJWZsmIpG9gCgmeMzawEGwXioZiQLBusHkZuZ3H5lUPInvYZoyLyKjmIecEjAj364MgGg/g/whO3PP67lvV52aMxdeBreAKirU8u3PwTChOmIxUEGU6rtOCl5GJHAqWF4eaMVSQidkxPoGYxIx5WXzxXN8EiYSw5jh+ft3NiORUtMoMJmIwFgterPhf15fQ3jlZTxONbCYmojxQi0wJHjWHw+5ZBTE1AChkpstMR0TSSiYK5VNfXex7DJ06jW3UWvcXVSb18UhSugIHaNT5KJL1ES3qIXaiCKNntEberfAerJerNef6IpV/DlEf2R9fAMQLpBn</latexit>

⌧
�1/2
t

<latexit sha1_base64="1gLt4AlPz+xuIbW+ZgNQ+uptj8w=">AAAB73icbVC7TsNAEFyHVwivACXNiQiJhshGKFBQRNBQBok8pMRE58s5PuX84G6NFFn+DqgQ0PEv/AB/wyWkgIRpdnZnVtpZL5FCo21/WYWl5ZXVteJ6aWNza3unvLvX0nGqGG+yWMaq41HNpYh4EwVK3kkUp6EnedsbXU/09iNXWsTRHY4T7oZ0GAlfMIpmdB/0M4b5iSmYX9r9csWu2lOQReLMSAVmaPTLn71BzNKQR8gk1brr2Am6GVUomOR5qZdqnlA2okPeNTSiIdduNr06J0d+rAgGnEz7396MhlqPQ894QoqBntcmw/+0bor+hZuJKEmRR8xYjOankmBMJuHJQCjOUI4NoUwJcyVhAVWUoXlRycR35sMuktZp1alVa7dnlfrV7BFFOIBDOAYHzqEON9CAJjBQ8Axv8G49WE/Wi/X6Yy1Ys519+APr4xs5UpAI</latexit>

hct � ht < 0
<latexit sha1_base64="GugAE3u79N776ffzpqmZJ+puigM=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcUVmWKBL1Ji4xCg/ESakUy7Q0M5M2o4JmfAUujLqzrfxBXwbC85CwbP6es9pcs8NYsG1cd0vJ7eyura+kd8sbG3v7O4V9w+aOkoUwwaLRKTaAdUoeIgNw43AdqyQykBgKxhfzfzWIyrNo/DeTGL0JR2GfMAZNXb0cHdxTRQOucReseSW3bnIMngZlCBTvVf87PYjlkgMDRNU647nxsZPqTKcCZwWuonGmLIxHWLHYkglaj+dbzwlJ4NIETNCMn//zqZUaj2Rgc1IakZ60ZsN//M6iRmc+ykP48RgyGzEeoNEEBORWXHS5wqZERMLlClutyRsRBVlxp6nYOt7i2WXoVkpe9Vy9bZSql1mh8jDERzDKXhwBjW4gTo0gEEIz/AG7450npwX5/UnmnOyP4fwR87HN6l/je4=</latexit>

SAE regime

<latexit sha1_base64="kFZiJl3qoP/IPoyt5oIf1Ll6BBg=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArEj1J0IvHCOYByRpmJ7PZIbMPZ3qFsOx36EnUm//iD/g3TmIOmliXru6qhq72Eik02vaXVVhaXlldK66XNja3tnfKu3stHaeK8SaLZaw6HtVciog3UaDknURxGnqSt73R9URvP3KlRRzd4TjhbkiHkfAFo2hG90E/Y5ifmIL5pd0vV+yqPQVZJM6MVGCGRr/82RvELA15hExSrbuOnaCbUYWCSZ6XeqnmCWUjOuRdQyMacu1m06tzcuTHimDAybT/7c1oqPU49IwnpBjoeW0y/E/rpuhfuJmIkhR5xIzFaH4qCcZkEp4MhOIM5dgQypQwVxIWUEUZmheVTHxnPuwiaZ1WnVq1dntWqV/NHlGEAziEY3DgHOpwAw1oAgMFz/AG79aD9WS9WK8/1oI129mHP7A+vgE8UJAK</latexit>

hct � ht > 0
<latexit sha1_base64="qkWG9bJdyfX4EP7/0HhMyKHlynU=">AAAB7nicbZDLTgJBEEVr8IX4Ql266UhMXJEZFuiS6MYlGnkkMCE1TQEdeh5295gQwm/oyqg7P8Yf8G9scBYK3tXpureTuhUkUmjjul9Obm19Y3Mrv13Y2d3bPygeHjV1nCpODR7LWLUD1CRFRA0jjKR2ogjDQFIrGF/P/dYjKS3i6N5MEvJDHEZiIDgaO/LvaJhKVKxPHCe9YsktuwuxVfAyKEGmeq/42e3HPA0pMlyi1h3PTYw/RWUElzQrdFNNCfIxDqljMcKQtD9dLD1jZ4NYMTMitnj/zk4x1HoSBjYTohnpZW8+/M/rpGZw6U9FlKSGIm4j1hukkpmYzbuzvlDEjZxYQK6E3ZLxESrkxl6oYOt7y2VXoVkpe9Vy9bZSql1lh8jDCZzCOXhwATW4gTo0gMMDPMMbvDuJ8+S8OK8/0ZyT/TmGP3I+vgFuKY+S</latexit>

Regular decay

Figure S.2: SAE regime through the function ℎ2C − ℎC , for varying incident shock strengths
and preshock density jump ratios. The gases conditions correspond to those in Fig.S.1

than to changes in the pre-shock density jump R0 = (1−A0)/(1+A0). The triangle marker
represents conditions in Fig.2 c) of the main text.

S.3. Equilibrium conditions for condensed metals: aluminium and copper
To describe the RMI occurring when a shock crosses a perturbed planar interface separating
two condensed materials, the three-term equation of state (EoS) is utilised. This model,
consistent with the framework detailed in Chapter XI, § 6, of Zel’dovich & Raizer (2002) and
used as an example in Velikovich & Giuliani (2018); Huete et al. (2021); Calvo-Rivera et al.
(2023) in accretion-shock and piston-driven shocks configurations, offers a fairly precise
description within pressure ranges extending to several Mbar. The pressure and specific
internal energy are delineated as aggregations of three distinct components:

?(d, )) = ?2 (d) + ?; (d, )) + ?4 (d, )), (S.3.1)
� (d, )) = �2 (d) + �; ()) + �4 (d, )), (S.3.2)

where the cold, or elastic, terms, ?2 and �2 , are related to the forces of interaction between
the atoms of the material at ) = 0, and therefore they depend only on the material density d.
The thermal ion (lattice) terms, ?; and �; , as well as the thermal electron terms, ?4 and �4,
are functions of both density and temperature.
For the cold metal, the repulsive forces between atoms due to their interactions do not

include thermal energy is present. We use Molodets’ analytical approximation (Molodets
1995) for the density dependence of the Grüneisen coefficient

Γ =
2
3
+ 2d00
0d − d00

, (S.3.3)

where d00 is the density extrapolated to zero temperature and pressure and 0 is a dimen-
sionless constitutive parameter that must not be confused with the dimensional parameter
in the vdW EoS (S.2.1). With the aid of the Landau–Slater formula (Slater 1955; Landau
& Stanyukovich 1945) and the definition of cold energy ?2 = d2d�2/dd, cold pressure and
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internal energies are expressed as explicit functions in the form:

?2 (I) =
3 00

(0 − 1)4

(
1
5
04I5/3 − 203I2/3 − 602I−1/3 + 0I−4/3 − 1

7
I−7/3 − 1

5
04+

203 + 602 − 0 + 1
7

)
, (S.3.4)

�2 (I) =
3 00

d00 (0 − 1)4

(
3
10
04I2/3 − 603I−1/3 + 704 − 7003 − 21002 + 350 − 5

35
I−1+

9
2
02I−4/3 − 3

7
0I−7/3 + 3

70
I−10/3 − 3504 + 28003 − 10502 + 400 − 7

70

)
, (S.3.5)

where  00 is the adiabatic bulk modulus extrapolated to zero temperature and pressure and
I = d/d00 is the normalised density. For the ion lattice (thermal) contributions to the pressure
and internal energy, which take into account the vibrations resulting from the changes in the
kinetic energy of the ions as the temperature varies, we have

?; (I, )) = d00
3
<0

IΓ(I):�), �; ()) =
3
<0

:�), (S.3.6)

where <0 is the atom mass and :� is the Boltzmann constant. Finally, the electron
contributions are

?4 (I, )) =
1
3
�0I

1/3)2, �4 (I, )) =
1
2
�0I
−2/3)2, (S.3.7)

where �0 is determined by the number of free electrons per unit mass of the material at ) = 0
and d = d00. In deriving (S.3.7), the electronic Grüneisen coefficient has taken to be 2/3,
then the density and temperature dependence would exactly correspond to a free electron gas
at a temperature well below the Fermi energy.
As done for the VdW EoS, the problem formulation calls for the definition of the sonic

coefficient ^ = d22/? that take the following form

^ =
d22

?
=
W2 ?2 + W;?; + W4?4

?2 + ?; + ?4
. (S.3.8)

The corresponding values of W2 , W; and W4 associated with cold, lattice and electronic
contributions are, respectively,

W2 =
 00
?2

(0I − 1)4

(0 − 1)4I10/3 , W; =
d lnΓ
d ln I

+ Γ + 1, and W4 = 5/3. (S.3.9)

To compute the adiabat curve, the energy conservation equation is conveniently written as

� = �3 − �D −
(

1
ID
− 1
I3

)
?3 + ?D

2d00
= 0, (S.3.10)

where � is defined as the Hugoniot relationship and the subscripts D and 3 denote the
variables right ahead of (upstream) and behind (downstream) the shock, respectively. The
Mach number squared associated with each shock is

M2
9 =

I3 9 (?3 9 − ?D 9)
ID 9 (I3 9 − ID 9)d002

2
D 9

, (S.3.11)

where the subscript 9 may refer to incident (8), transmitted (C), or reflected (A) shock. This
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d00 [g/cm3] d0 [g/cm3] Γ(d = d00) 0  00 [GPa] �0 [ergs/gK2]

Al 2.789414 2.71 1.798175 2.767552 91.133 500
Cu 9.075238 8.93 2.421139 2.139944 146.16 110

Table S.1: Equation-of-state constants for Al and Cu, and parameters according to
Molodets (1995) and Al’Tshuler et al. (1960a) for aluminium and copper.

relationship can be used to write R 9 = I3 9/ID 9 as a function of the shock strength M 9 .
Likewise, the postshock Mach number isM2 9 = 2D 9M 9/(23 9R 9).
As commented before, along with the base-flow properties, the analysis of the perturbed

problem that leads to the RMI demands additional parameters. One of them is the DK
parameter that measures the post-shock RH slope, which reads as

ℎ 9 = −
ID 9 (?3 9 − ?D 9)
I3 9 (I3 9 − ID 9)

[
m?3 9

mI3 9
−
m?3 9

m)3 9

(
m� 9/mI3 9
m� 9/m)3 9

)]−1
(S.3.12)

that involves the know of the Hugoniot function in (S.3.10).
The system of equations that provide the corresponding mechanical equilibrium at the

interface is similar to that described in (S.1.3) and (S.1.4), which can be used to provide the
associated dimensionless parameters that govern the linear system. In particular, the values
of the initial shocks and interface ripples are given by (S.2.10) and (S.2.11), respectively, and
the V parameter that characterises the acoustic coupling is specifically given by (S.2.12).
As in Fig.S.1, the relation between the shock pressure jumps and the fluid particle velocities

is provided in Fig.S.3 for a shock wave moving in aluminium and crossing a planar interface
separating it from copper material. The scale of pressure jump for M8 6 2.5 behind the
reflected and transmitted shocks approaches the range of the Mbar for materials in preshock
in unstressed conditions. We examine the case of RMI in an Al-Cu system, similar to the
numerical results presented by Tahir et al. (2011) (case II), which also correspond to the
cases shown in panels (e) and (f) of Fig.2 in the main text. The incident shock Mach numbers
associated with incident shock pressures ?1 = 0.28 Mbar and 2.9 Mbar areM8 ∼ 1.3 and
M8 ∼ 2.5, respectively, according to the three-term EoS model. Two other intermediate
conditions,M8 = 1.5 and 2, are also computed.
Pre-shock pressure and speed-of-sound conditions are ad-hoc provided, namely ?0 = 1

bar, 20A = 6420 m/s, and 20C = 4760 m/s, because the three-term EoS is less accurate
in low-pressure conditions. When comparing with Tahir et al. (2011) values, we find that
the presented EoS model, despite its simplicity, captures the density jumps fairly well. As
expected, for weak shocks (?1 ∼ 0.28 Mbar), our post-shock density values, d2A = 3.5 g/cm3

and d2C = 10 g/cm3, slightly over-predict the post-shock values when compared with 3.1
and 9.9 obtained in the numerical simulations. On the other hand, for ?1 ∼ 2.88 Mbar, we
find that d2A = 6.2 g/cm3 and d2C = 15.6 g/cm3, which compares better with 6.2 and 15.3 in
Tahir et al. (2011). However, the main advantages of the linear RMI model described in the
main text are that it is formulated to accommodate any EoS, so more elaborate models that
can provide a better fit for different materials can equally be computed to supply the required
values for the linear model
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Figure S.3: Solution of the base-flow interaction of a planar shock crossing an interface
separating copper (right side) and an aluminium (left side) at room temperature.

Equilibrium conditions are shown for incident Mach numbersM8 = 1.3, 1.5, 2 and 2.5,
and for the Atwood number A0 = 0.53.
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