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Section 1: Temperature profiles and fluid movement

Simulations results and enlarged images that illustrate the temperature profiles and molten material transport at the
timepoints ¢t = 490 ps (before the second of the double pulse train irradiates the material) and ¢ = 520 ps (after thermal-
isation following the impact of the second pulse) are presented below for NP = 50. Results are classified according to the
order of the pulses in the sequence (see main text for further explanation). The size of the velocity vectors that indicate
the fluid movement are rescaled to the maximum lattice temperature value attained at each time point. The direction of
the vectors indicate the fluid direction based on the temperature gradient (i.e. spatial change of the temperature). White
dots that appear is some regions indicate a stagnant behaviour (i.e. nearly immobile fluid). A blue-to-red colorbar was
used to emphasise better the range of temperature values and indicate more clearly the fluid direction.
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Fig. 81| G + V: Temperature profiles at (a) t = 490 ps and (b) t = 520 ps. Fluid movement is illustrated in (c) and (d) for t = 490 ps and t = 520

ps, respectively.
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Fig. S2 | V + G: Temperature profiles at (a) t = 490 ps and (b) t = 520 ps. Fluid movement is illustrated in (c) and (d) for t = 490 ps and t = 520

ps, respectively.
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Fig. S3 | G + H: Temperature profiles at (a) t = 490 ps and (b) ¢ = 520 ps. Fluid movement is illustrated in (c) and (d) for ¢t = 490 ps and t = 520

ps, respectively.
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Fig. S4 | H + G: Temperature profiles at (a) t = 490 ps and (b) ¢ = 520 ps. Fluid movement is illustrated in (c) and (d) for { = 490 ps and t = 520

ps, respectively.
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Fig. 85| G + D: Temperature profiles at (a) t = 490 ps and (b) t = 520 ps. Fluid movement is illustrated in (c) and (d) for t = 490 ps and t = 520
ps, respectively.
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Fig. S6 | D + G: Temperature profiles at (a) t = 490 ps and (b) ¢ = 520 ps. Fluid movement is illustrated in (c) and (d) for { = 490 ps and ¢t = 520
ps, respectively.
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ps and t = 520 ps, respectively.

Section 2: Temperature profiles and fluid movement for NP = 2 and NP = 5 (for G + V)

To illustrate the impact of the surface topography and describe quantitatively the interpulse surface pattern changes,
temperature profiles are shown for NP = 2 (Fig. S7) and NP = 5 (Fig. S8) at t = 490 ps and t = 520 ps for G + V. White
dots that appear is some regions indicate a stagnant behaviour (i.e. nearly immobile fluid). In (c) and (d) a blue-to-red
colorbar was used to emphasise better the range of temperature values and indicate more clearly the fluid direction. By
contrast, a red-to-white colorbar was used in (a) and (b) (similar to the one used in the main manuscript).
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Fig. 87 | Temperature profiles for G + V at (a, ¢) t = 490 ps and (b, d) t = 520 ps for NP = 2. Fluid movement is illustrated in (c) and (d) for t = 490
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Fig. S8 | Temperature profile at (a, ¢) t = 490 ps and (b, d) t = 520 ps for NP = 5. Fluid movement is illustrated in (c) and (d) for t = 490 ps and t =
520 ps, respectively.
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Section 3: Total intensity profile
The laser intensity of the Gaussian profile is given by

3\ 2 2,2 a2
74ln2(7t :TP) —2(*—;7 > 74ln2(7t 2 P)
Ae P/ e o / = Pe 4
B (x2+y2

2
where P, = Ae R ), and A contains the pulse duration and fluence'.

By contrast, the DLIP intensity is provided by the expression

oy o= proe () () Zpem(5) 52

where P, = BIéDed( K ) (i =2 or 4 for a DLIP with two or four laser pulses, respectively, as given in Eq. (S1) in the

) (S1)

I Gaussian —

main text) while B contains the pulse duration and fluence
Assuming that there is a temporal separation between the two pulses (equal to A1), there are two possibilities for the
total intensity that depends on which pulse irradiates the material first

_ =31y 2 I e 2
Lo (8, X, y, surface) = [Ple ( ki ) + P,e 412( & )] , (S3)

if the Gaussian pulse precedes the DLIP pulse
and

2
t73‘[p

n [ ¥AT 2
Lo (8, X, v, surface) = [Pze 412( ® ) + Pie 412( P >] , (S4)

if the Gaussian pulse follows the DLIP pulse.
We can write Egs. (53), (54) in a compact form in which G, = 0, G, =1 (Eq. (S3)) and G, = 1, G, = 0 (Eq. (54)).

t—=31p —GAr

dn 2 Y e Y 2
Lot (t, x, y, surface) = lPle 412( ® ) + P,e 412( ® )] . (S5)

Section 4: Navier-Stokes equations

Below, the Navier-Stokes equations (for an incompressible fluid Vi = 0) are presented in a matrix form in 3D°. We
know that

Po (6; 4 ?7) _V. (—Pl +u (?7) +y(?7)T> : (S6)

where
ou Ov Ow Ou Ou Ou
dx Ox Ox ox 9y 0z oo
(?7)2 % @ a—w ,(?7)T: @ @ @ ,P1=[ 0 P 0 ,and7:(u7v7w)
dy oy oy Ox Oy 0z 0 0 P
ou ov Ow ow ow Ow
9z 0z 0Oz ox Oy Oz

After the calculations, we obtain the following formulae in matrix form (by taking into account that the fluid is in-
compressible)
Ou, Ou, ou ow\_ 0P (Ou Ou Ou
Polor " "ox TPy T"az) T " ox o oy | oz
o v ov v\ _ b (v Oy o
o\ar " "ox TVay T Vaz) T "oy TH\oxe T oy T oz
Ow, Ow ., v oW\ O (Fw Fw v
Polar "%ox TVay "oz ) T "oz "W\ axe Ty T a2 )
Equation (S7) represents the standard notation of NSE.

(§7)
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Section 5: Surface patterns

In the following figures, we illustrate enlarged contour plots of the surface patterns in which depth variation is shown

(enlarged contour plots shown in last column of Fig. S4 in the main text).

=],

Y (um)

Y (um)

o~

é

2 - 0
X (um)

Fig. 89 | Surface contour plots for NP =50for(a) G+ V, (b) V+ G, (c)G+H,(d)H+G,(e)G+D,(f)G+D
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Section 6: Surface distribution of height

In the following figures, we illustrate surface patterns in which surface distribution of height is shown (in a ‘blue to red’
colorbar)
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Fig. 810 | Spatial distribution of height for NP =50 for (a) G+ V, (b) V+ G, (c)G+H,(d)H+ G, (e)G+D, (f)G+D
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