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1. DSMC method. Some technical details

As described in section 1, we treat in this paper the molecular gas as a thermostat in
the sense that its state is not perturbed by the presence of grains. Therefore, the collision
stage in the DSMC method must be slightly modified to accurately reproduce Eq. (3.1).
We follow similar steps as proposed by Montanero & Garzé (2002) to numerically solve
the Boltzmann—Enskog equation of a homogeneous granular mixture.

The simulation is initiated by drawing the particle velocities from a Maxwellian
distribution at temperature T, following the Box-Muller transform (Box & Muller 1958).
Since the granular gas is assumed to be spatially homogeneous, only the collision stage
is described here. The procedure can be summarised as follows:

(i) A required number of NJ‘»” candidate pairs to collide in a time 6t is selected. This
number is given byt (Montanero & Garzé 2002)

29734r (4 (0 + 0;)?
szjt =3 77_(211(2) ( adj) de)g;_nax(st, (11)

where j = 1 (j = 2) refers to a granular (molecular) particle. Namely, N9t refers to
granular-granular collisions, while N§* refers to granular-molecular collisions. Here, N;
is the total number of particles of species j and g;"** is an upper bound of the average
relative velocity. A good estimate is g;"** = C’v;h, where v§h = /2T,/m is the mean
thermal velocity, m = (m +m;)/2, and C is a constant, e.g., C = 5 (Bird 1994). Note
that in Eq. (1.1) collisions among molecular particles themselves have been neglected.

(ii) A colliding direction &, is randomly selected with equiprobability.

(iii) The collision is accepted if

|0 - g12| = |0 - (vi — v2)| > U(0,1)g;"™, (1.2)

where U(0,1) is a random number uniformly distributed in [0, 1].
(iv) If the collision is accepted, only the velocities of the granular particles are updated
according to the relationships (2.4) (for j = 1) and (2.6) (for j = 2) of the main text.
The above procedure constitutes an intermediate method between Bird’s (Bird 1994)
and Nanbu’s (Nanbu 1986) schemes since in the latter only one of the colliding particles
changes its velocity. However, as pointed out by Montanero & Santos (1997), both

1 In contrast to the work of Montanero & Garzé (2002), we consider here a very dilute system
and so, the pair correlation functions are set equal to 1.
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schemes are equivalent and equally useful to solve the Boltzmann equation since in both
techniques momentum is conserved on average. Thus, we do not need to account for
collisions among molecular particles themselves because n/n, < 1 and the computational
cost would be very expensive.

Moreover, in the theory all the mechanical information of the molecular gas (with
the exception the mass ratio m/mg) is enclosed in the (reduced) drift coefficient +*
throughout the reduced (bath) temperature 7. Let us denote by N, and N the total
number of granular and molecular particles, respectively. Since N/N, = n/ng, then o
and o, are related by

/(d—1)
g = (4\[]\[ \/>¢\/1T*> —1f 0. (1.3)

While deriving Eq. (1.3) use has been made of the relationships

n= wgﬂiﬁba ng = m <m> N <m> " 7. (1.4)

7d/2 4r(d=1/2 \'m,, 2T,

Equation (1.3) establishes a constraint in the inputs regarding the molecular gas. For
this reason, once the inputs appearing in the theory (d,m/mgy, Ty, ¢) are fixed, then we
choose N, in such a way that Ny/N > 1 and o,/0 > 0.

To carry on the simulations corresponding to the effective suspension model employed
by Gémez Gonzalez & Garzé (2019), the influence of the external fluid on grains is taken
into account by updating the velocity of every single grain at each time step §t according

o (Khalil & Garzé 2014; Gémez Gonzdlez et al. 2021):

1/2
v o ety 4 (W) U[-1,1]. (1.5)
m

Here, U is an uniformly distributed random vector in [—1,1]3. Equation (1.5) converges
to the Fokker—Planck operator [Eq. (2.14) of the main text] when a time step dt much
smaller than the mean free time between collisions is considered (Khalil & Garzé 2014).

2. Zeroth- and first-order distribution functions

To zeroth-order in the expansion, the distribution f(®) verifies the kinetic equation

o O = J[f O fO) £ . (O, O], (2.1)

The conservation laws at this order give
09n=0, 89U=0 99T=-T (g<°> + <;0>) . (2.2)

Upon obtaining the second relation in Eq. (2.2), we have accounted for that the dis-
tributions f(®) and fg(o) are isotropic in V and so, the zeroth-order contribution to the
production of momentum vanishes (F©[f©)] = 0).

Since the zeroth-order distribution f(©) qualifies as a normal solution, then 8,50) fO =
(07 f©) (0 0)T) and Eq. (2.1) can be rewritten as

_ (C(O) _|_<éo)) af = J[fO, fO) 4 J,[fO, 550)}_ (2.3)
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Equation (2.3) has the same form as the time-dependent homogeneous Boltzmann equa-
tion, except that f(©) (r,v;t) is the local version of the above distribution. Dimensional
analysis requires that f(%) has the scaled form

f(O) (I‘, v t) = ’I”L(I‘; t)vth(r§ t)_d(p (c, T/Tg) ) (2.4)

where ¢ = V /vy, v (r;t) = /2T (r; t)/m being the local thermal velocity. As expected,
in contrast to the so-called homogeneous cooling state for (dry) granular gases (van Noije
& Ernst 1998; Garzé 2019), the time dependence of the scaled distribution ¢ does not
only occur through the scaled velocity ¢ but also through the temperature ratio T'/T.

As mentioned before, since f(9) is isotropic in V, the heat flux vanishes (q(®) = 0) and
ij, where p = nT' is the hydrostatic pressure.
To first order in the spatial gradients, the Boltzmann kinetic equation for f (1)(1‘7 v;t)

the pressure tensor Pi(;)) = pd
is
0 0 4 £y — g, [V, £ = = (D + V- V) O %"AU T O, VD), (2.5)
where Dgl) = 6,5(1) +U .V and
£x = —(JIFO, X] + J1X, 7)) (2.6)

is the linearised Boltzmann collision operator. To first order, the macroscopic balance
equations read

2
Din=-nv-U, DT =-Lv.Uu-T (GRESIRF (2.7)

DU = —p~'Vp— AU + p K[ D), (2.8)

where ¢V and Cél) are the first-order contributions to the production rates, the operator
K[X] is

Ki[X] = / dv mVid,[X, fO), (2.9)
and
1
=31 / dvmV - Jy [0,V fi)]. (2.10)

The production rates are defined in terms of the distribution f() and their explicit forms
are given by Egs. (2.27)—(2.29).

The use of the balance equations (2.7) and (2.8) allows one to compute the first term
on the right side of Eq. (2.5). The result is

1 2
—(Dt(l) +V . V)f(o) =A. VlnT+B . Vlnn+(]ij§<8in —|—6JUz - E(SUVU)

af©
+DV-U+E- AU+p—1a—V K[
o
1 )y -
+T (¢ + (V) S (2.11)
where 0; = 0/0r; and the quantities A, B, C;;, D, and E are given by
(0) (0)
AV) = —vp2 _pdf (2.12)

or  p OV’
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of©  paf®

B(V) =~V = = Do (2.13)
_ .01
Ci; (V) = v (2.14)
_ 19 o) 4 2099 _ 0, 00
bV)=Gav- (Vf ) d' T R (2.15)
af©
E(V)=—p! gv €. (2.16)

Substitution of Eq. (2.11) into Eq. (2.5) yields
.0 1O

o0 70— 7 (¢ 1 () 2Ly g0 g1, 500 - 1 O g
—A.-VInT+B- v1nn+cij§(ain +0,U; — aaijv : U) +DV-U+E - AU,
(2.17)
where
E(V)=E— %Jg[f<0>,Vf;0>]. (2.18)
The solution of Eq. (2.17) is of the form A
FOV) = A(V)-VInT +B(V)-Vinn +Cij= (a U, + 0,U; — 5ijv : U)
D(V)V - U+ E(V) - AU. (2.19)

As mentioned in the main text, the presence of the term proportional to the velocity
difference AU in the distribution f(*) is also common in driven granular mixtures (Khalil
& Garzé 2013; Gémez Gonzdlez et al. 2020). Since the gradients of the hydrodynamic
fields and the term AU are assumed to be independent, substitution of the expression
(2.19) into Eq. (2.17) yields the following set of coupled linear integral equations:

_ (C(O) + Céo)) TorA; —

1 oln¢; of©
5 <(°)+c§0><1+2x ;X%)]AﬁEAi— S - KAl

v,
— Tl As, £§9] = A, (2.20)
L, 0f©
— (do) +g§°)) TOrB; + LB; — Jg[By, f{V] — p~* oV, 2 K,[Bi] = Bi + | +¢©
dln ¢y
X (1 —€ ;1€C9> A, (2.21)
L 0f©
— (¢ +¢) Torcy + £ — o7 gw KelCif) = Jo[Cis, £V = Cigy - (222)
o£0) L of
(€9 +¢©) oD+ £D — (G + o) T — o U Ki(D] - [, 5] = D,
(2.23)
(0)
- (C(O) + <§O)> TOrE; + LE; — lflagv K;l&:i] = Jgléi, f(o)] E;. (2.24)
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While obtaining Egs. (2.20)—(2.24), we have accounted for the results

OV {AB,Cy, D€} = - (¢ + (V) Tor {A,B,C;, D€}, (225)
and
JOVINT = Vo InT = v (O 4 ¢0) = —{¢® 40 [1- % ) g
OVIT =0 mT = =V (¢ +¢) =~ ¢+ ¢ 1-e—2 || VInn
1 ol
i ) (0) 9
5 ¢+ Gy <1+2X o ) VinT. (2.26)

In Eq. (2.23), we have taken into account that since the production rates ¢ and (, are
scalar quantities, then their first-order corrections in spatial gradients ¢(*) and Cé(,l) must
be proportional to V- U since Vn, VT, and AU are vectors and the tensor 0;U; +0;U; —
%&jv - U is traceless. Thus,

(W=v-u, V=q,v-U, (2.27)
where (Garzé 2019)
a(d=1)/2 mod—1
v=—"7—+01-0% /dV1 /dV2f(°)(V1)D(V1)9§’2> (2.28)
2ar (442) nT
2
__m 2 0
Cug = _dTTT/dV V2 Jy[D, £57]. (2:29)

The necessary conditions for the solution to the integral equations (2.20)-(2.24) to
exist [Fredholm alternative (Margeneau & Murphy 1956)] is that

/dv {1,v, %VQ} FOV) = {0,0,0} . (2.30)

The conditions (2.30) on the first-order distribution f(1)(V) are used later to establish
the existence of a unique solution of Egs. (2.20)—(2.24). The fulfilment of conditions
(2.30) necessarily requires that the right sides of the integral equations (2.20)—(2.24) are
orthogonal to the set {1, V, %VQ}, namely,

A(V) 0
B(V) 0
/dv {1,V,@V2} cu(v) | =1 o (2.31)
2 D(V) 0
E/(V) 0

It is straightforward to prove fulfilment of the conditions (2.31) by direct integration
using the definitions (2.12)-(2.16) of A, B, C;;, D, and E’, respectively.

In steady-state conditions, the constraint ¢(©) + Qg(o) = 0 applies locally and so, the
first term of the left-hand side of Eqgs. (2.20)—(2.24) vanish. This yields the set of integral
equations

dln ¢y _,0f© on _
—x I Ai+LA; —p ij KilAi] — JglAi, 3] = Ai, (2.32)
_,0f© dln ¢k
- O )12 kB = B — 9 A, 9.
LB — Jg[Bi, f3)] = p v, ;18] i e A, (2.33)
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-1 af(o) (0)
£C,‘j —pP aw Kg[cij] - Jg[Cij, fg ] = Cij, (234)
af© 715f(0) o _
LD — (Cu +Cug) T A Ki[D] = Jy[D, f{"] = D, (2.35)
—1 af(o) (0) /
L& —p ' K8 — TylEn 1)) = B (2.36)
J

Here, all the quantities appearing in Egs. (2.32)—(2.36) are evaluated in the steady state.

3. Leading Sonine approximations to the Navier—Stokes—Fourier
transport coefficients

This section addresses the approximations made to achieve the expressions of the
Navier-Stokes-Fourier transport coefficients. First, regarding the explicit form of (),
the results obtained in section 3 have shown that the magnitude of the cumulant as
is in general very small. Therefore, f(© (V) can be well represented by the Maxwellian
distribution, namely,

© N exp (- mV2>
fOUV) — n(27rT exp 57 ) (3.1)
The use of the Maxwellian distribution (3.1) allows us to get simple but accurate
expressions for the Navier—Stokes—Fourier transport coefficients. With the Maxwellian
approximation (3.1), the collision integral (2.10) can be easily obtained from the results
derived by Garzé & Montanero (2007) for arbitrary coefficients of restitution. Particu-
larising to elastic collisions we get

E=ppb ' P(1+0)/, (3.2)
where
mT,
0 = g .
myT (3.3)

is the ratio of the mean square velocities of granular and molecular gas particles. The

zeroth-contributions to the production rates are () = (vy,¢*)/¢ and Cgo) = (ven(y)/Y,
where

VG e

ar(34)
and z and ¢ are defined by Egs. (3.8) and (3.9) of the main text. The Maxwellian
approximation to the steady temperature ratio T'/T,, can be obtained by inserting the
expressions (3.4) of (* and (j into the (exact) steady-state condition ¢* + (5 = 0. This
yields the following cubic equation for x:

_ ﬁﬂdil)/zu*/%*l

()

The physical root of Eq. (3.5) can be written as (Santos 2003)

& {Vaoe[pan (300)] sy (0]} <2
v { 2T\/§ cosh [% cosh™* (%19)] ) V>

(1—0a?), ¢ =2z(1-a)u'/?%, (3.4)

202 —1) =9, ¥ (1—a?). (3.5)

5

=
m%
W
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The temperature ratio T//T, in the steady state is then given by
T
I mhmy (3.7)
T, (1 + %) z2 -1

With respect to the functions (A, B,C;;, D, E), it is useful to write them in a series
expansion of Sonine (Laguerre) polynomials. In practice only the leading terms in these
expansions are retained; they provide a quite accurate description over a wide range of
inelasticity. In addition, when the cumulants as are neglected, it is straightforward to
prove that Eq. (2.15) yields D = 0 and so, the production rates (g = (yy = 0. Non-
vanishing contributions to both production rates (which arise from as) are expected to
be very small (Gémez Gonzalez & Garzé 2019). Thus, we will focus here our attention
in the Navier—Stokes—Fourier transport coefficients 7, x, i, and xy. To obtain them,
we consider the leading Sonine approximations to the unknowns A, B, C;;, D, and £
and neglect non-Gaussian corrections to the zeroth-order distribution f(© (i.e., we take
as = 0). Since the procedure to obtain these expressions is quite similar to the one
employed in some previous works on granular binary mixtures (Garzé & Dufty 2002;
Garz6 & Montanero 2007), only some partial results will be displayed in this section.

3.1. Leading Sonine approximation to n

In the case of the shear viscosity 7, the leading Sonine approximation to C;; (V) (lowest
degree polynomial) is
Ui
C5(V) = O V)R (V) L. (38)
Since R;;(V) is a traceless tensor, then K¢[R;;] = 0, and the integral equation (2.34)
reads
n
— {E[f(O)Rz‘j] — Jylf O Ry, fg(o)]} = Cij. (3.9)
To determine 1, we multiply both sides of Eq. (3.9) by R;;(V) and integrate over velocity.
The result can be written as

— 1)1(d+2) ng2{/dv3ij(V)£ [f(O)Rij} - /dvRij(V)Jg [f(o)Rij,fgm)} } =p,

(3.10)
where use has been made of the result
/dvRij(V)Ci'(V) _ —W /dvmv2f<0>(V) — (d42)(d=1p.  (3.11)

The collision integral involving the linearised Boltzmann collision operator L is given
by (Brey et al. 1998)

1 1
(d—1)(d+2) nT?

/ dvR; (V)L [ f(O)Rij] — Vi, (3.12)

where v} is defined by Eq. (5.2) of the main text and v = p/no, 1o being the shear viscos-
ity of a dilute gas of elastic hard spheres. The collision integral involving the Boltzmann—
Lorentz operator J, can be obtained from previous works on granular mixtures (Garzé
& Dufty 2002; Garzé & Montanero 2007) when one particularises to elastic collisions. In

terms of the drift coefficient v, the result is

1 1
(d—1)(d+2) nT?

/ Ry (V)Jy [1O Ry, 119 =5, (3.13)
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where 7, is given by Eq. (5.3) of the main text. The expression for n can be easily
obtained when one takes into account Eqgs. (3.12) and (3.13) in Eq. (3.10).

3.2. Leading Sonine approximation to k, @i, and Ky

The heat flux transport coefficients x, i, and xy are defined in terms of A, B, and &,
respectively. Their leading Sonine approximations are given by

A(V) = eS(V)FO(V), B(V) = S(V)fO(V), E(V) = e, S(V)FO(V),

(3.14)
where the Sonine coefficients c,, ¢, and ¢, are defined, respectively, as
o 2_m BV -S(V) ) e
Cu =———— [dV B(V)-S(V =— T sl . 3.15
d(d+2) nT? +2 T
(d+2)n £(V)-S(V) i A

Using the Sonine approximations (3.14), the collision integral (2.9) [when X = S;(V)] is
1 _

KilS;] = / dv mV; Jo[S;f O, £{0) = ~6i;5nT? 6~V (14 6)7 2. (3.16)

Taking into account Eq. (3.16), the integral equation (2.32) becomes
2 m oln(
R S () 9 £(0)g 1 £77O0)g] — J 1£OIg FOTL — A
d+2nT2H{ Cg X aX f + [f ] g[f 7fg ]

_1y2 Of©
A

oV

where use has been made of the Sonine approximation (3.14) to A. As in the case of
the shear viscosity,  is determined by multiplying both sides of Eq. (3.17) by S(V) and
integrating over V. After some algebra, one achieves

_<§0>Xaln<55+ 2 T {/dvsc[ 7] /dVSJ 708, f°>]} dr2p

L MY g

1
d+2 n (3.17)

ax d(d+2 2 m
(3.18)
where we have accounted for the results
1 _d+2 of O
—7/dv s(v)-A(v)= 12, /dV S(V)- 29 =0, (3.19)

The corresponding collision integrals can be written as (Brey et al. 1998; Garzé & Dufty
2002; Garz6 & Montanero 2007)

d(diz / avs- L[] = v, (3.20)
d(d2+2 T’ /dVS o {f Vs f(o)} =Ue7,s (3.21)

where v} and v, are given by Egs. (5.6) and (5.7), respectively, of the main text. In
addition, according to the expression of Céo), one gets the relation

oln
Sox

Substitution of Egs. (3.20)-(3.22) into Eq. (3.18) leads to the expression for .
The evaluation of the diffusive heat conductivity i follows similar steps to those carried

—¢Oy =By, B= (7' —3x) B2V (3.22)
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out in the evaluation of . Taking into account the leading Sonine approximations (3.14)
to A and B, the integral equation (2.33) reads

2 of0)
ﬂﬁ{c[fw—Jg[f@s,f;m]} Bt Mgz g2 0

S d+2 T3 d 2T ov
2
(0 £(O)g 2
Cd+2nT2 C v (3.23)
where use has been made of Eq. (3.16) and the result
HlnC*
0 g _ ~(0

¢§ )ET = ¢ (3.24)

Multiplying both sides of Eq. (3.23) by S(V) and integrating over velocity, one gets
(v + )i = (O, (3.25)
where the steady state condition Cg = —((® has been employed. The solution to Eq.

(3.25) yields the final expression for 7.

Finally, we consider the coefficient ky7. As said in the main text, it is a new transport
coefficient not present for dry granular monocomponent gases. Taking into account the
expression (3.2) of £, Eq. (3.16), and the leading Sonine approximation (3.14) to &€, the
integral equation (2.36) reads

2 m 0 0 0 1/2 1 2 5f( )
*MW“U{W( 'S] — Jylf 08, f0T} = 67 2 0)
1 py 1/2 1/2 8f( ) My (0) (0)
172 TG (1+6) BXY —— Ky —Tg Jglf VI, ] (3.26)

As in the cases of k and Tz, one multiplies both sides of Eq. (3.16) by S(V) and integrates
over velocity to get

- 1
(vovs + D) kv = —5nTu(1+0)~'/2071 2 Hy, (3.27)
where use has been made of the result
dnT
%/dvs T [fO, VO] = —"Tm(l L) V2912 g, (3.28)
g

The expression of the quantity H is displayed in Eq. (5.12) of the main text. The final
expression for ky can be easily obtained from Eq. (3.27).

4. Linear stability analysis

Some intermediate mathematical steps for the linear stability analysis around the HSS
are offered in this section. We assume that we slightly perturb the HSS by small spatial
gradients and hence, the Navier—-Stokes hydrodynamic equations are linearised around
the HSS. This state describes a homogeneous state (Vny = VTy = 0) with Vanishing
flow velocity fields (U = U, = 0). In addition, the steady condition is C(O) C;%), =
Here, the subscript H denotes quantities evaluated in the HSS. We suppose that the
deviations

yp(r,t) = ys(r,t) —ys.u (4.1)
are small. Here, dys(r,t) denotes the deviations of the hydrodynamic fields

{y5;6:1,~~,d+2}5{n,U,T} (4.2)
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from their values in the homogeneous steady state. Moreover, as usual in the simulations
of clustering instabilities in fluid-solid systems (Fullmer et al. 2017), the molecular gas
properties are assumed to be constant and so, they are not perturbed.

Although the reference HSS is stationary [and so, in contrast to what happens in dry
granular gases, one does not have to eliminate the time dependence of the transport
coefficients through adequate changes of space and time (Brey et al. 1998; Garzé 2005)],
in order to compare the present stability analysis with the one carried out in the Brownian
limit (Gémez Gonzilez & Garzé 2019), we introduce the following space and time

variables:

Vo ’ r
= 29 - 4.3

2£ ) r 267 ( )
where vg = /Ty /m and £ = 1/(ngo?~!). The dimensionless time scale T measures the
average number of collisions per particle in the time interval between 0 and ¢. The unit
length r’ is proportional to the mean free path ¢ of solid particles.

A set of Fourier transformed dimensionless variables are introduced as

onk (T U (T 0T (7
pulr) = Ty = TOED gy = D)

ng Vo TH ’

T

(4.4)

where the elements of the set dyxg = {px(7), Wk(7), 0k (7)} are defined as

Syrs(T) = /dr’e_ik'r/éyg (r', 7). (4.5)
Note that here the wave vector k is dimensionless.
The evolution equation for the d — 1 transverse velocity components wy | is given by

oWk
or

= )\J_(k)WkJ_, (46)
where
1 2v/2d
_2 * 2 * *X
AL(k) =267+ o'k — = i R X,

where &* = &y /(prvo), n* = nu /(o= mTy), and k}; = kyp/(dngTy). In the

Brownian limit (m/m, — o0), £&* = v/2v*, X — 0, and the expression (4.7) for Ay (k) is

consistent with the one obtained in previous works (Gémez Gonzdlez & Garzé 2019).
The matrix equation obeying the remaining three longitudinal modes is

8(5yk5 (7’)

(4.7)

oy + Mg, 0yiu(T) =0, (4.8)
where dykp(7) denotes now the set { Pk, wkH,Gk} and M is the square matrix
0 ik 0
M= | ik(l = V255" aX) 26 —0k) k(1 —V2;5um"DrX) |, (4.9)
2V2¢* + 1" k? ik (2 — 2k};) 2\f 2 (¢, + 3¢7) + Dik?

where D = kg /(dot=%/Tg/m), * = puliy/(dot=4Tgv/mTy),

1/2
P i L 2v2d _A e
Cg = ( T, ) [xH (1—a%) P (1-32%) |, Ok = T3 *ky X k.

(4.10)
Here, zy is defined by Eq. (3.8) of the main text with the replacement T' — T'y.
The longitudinal three modes have the form exp [A¢(k)7] for ¢ = 1,2,3,. Here, the
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eigenvalues A¢(k) of the matrix M are the solutions of the cubic equation
NAWEN +Y ()N + Z(k) =0, (4.11)

where

2v2d

Wk) = V2 (¢ + 200" + Vo) = X ko X + K <DT ddln*> L (4.12)

d+2
d— _
Y (k) = ?177*1);1# +k2{d 5+ \f L +2C7") 0 d+2 (\qu** * )
2 * * ok
gy [d (\@uXDT'y - 1) - 2] - 2DT [(d+2)e"
*\/édan’l'}'y*} } + ;_‘_\/52 (¢ +2¢0,7%) [(d+ 2)¢* — \@d,an;}'y*}, (4.13)

nX~y* [2(¢* Dy — (™) — C | +k (D — 1Y)
(4.14)

In the Brownian limit, Egs. (4.11)—(4.14) are consistent with those obtained by
Goémez Gonzilez & Garzé6 (2019). t

Z(k) = kQ{\/i (2C,7* — )+ y d2
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