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Abstract

This supplementary information details the determination of the local coverage from the mul-

titude of STM images and the local fluence responsible for the local coverage from the laser spot

profile. It recapitulates the two-temperature model for determination of the transient electron and

phonon temperature following the femtosecond-laser illumination with the parameters for copper

and its references. Moreover, we supply the 400 original images that have been recorded in the

series presented in Fig. 3 of the main manuscript.

DETERMINATION OF LOCAL COVERAGE

In the main text, we present fluence dependent and fluence independent local coverages.

The coverage of a given image was determined on a randomly chosen region without sec-

ondary step edges of the image, ranging in area between 3000 nm2 and 8500 nm2. The region

was cut out, and a plane was subtracted using the WSxM 5.0 software [1]. The coverage

was determined using the flooding tool of WSxM 5.0. For multiple layers, the coverage of

each layer was determined individually by setting different thresholds in the flooding tool.

The overall coverage is displayed in Fig. 4 of the main manuscript.

Up to four regions with somewhat smaller areas between 300 nm2 and 5000 nm2, were

analyzed to control that the random choice does not influence the results and to determine

error bars. The same procedure was applied to both neighboring images in the image series.

Subsequently, a weighted average and the corresponding standard deviation were calculated

for the three images and displayed versus the local fluence in Fig. 4 of the main manuscript.

DETERMINATION OF THE LOCAL FLUENCE

In the main text, we discuss changes in surface texture in dependence of locally varying

fluence across the Gaussian shaped laser spot. The shape of the laser spot on the surface

was determined in-situ the STM by measuring the photoelectrons emitted from the Cu(511)

surface while moving the STM tip over the laser spot on the surface in two perpendicular

directions [2]. Note that at a laser energy of 3.1 eV, the photoelectron signal results from

a two-electron process. The incoming laser spot profile is thus the square of the measured

photoelectron signal.

S2



The laser power was measured in a parallel setup, identical in number and type of optical

elements to that of the STM setup, to account for energy losses by mirrors and windows.

A slight deviation from the incoming beam direction by the movable in-situ mirrors was

corrected by turning the thus determined Gaussian-shaped spot till images with similar

coverage had a similar local fluence. Due to the wide distribution and the three branches

observed in the measured images, the position of the spot center was clearly established.

Finally, the local fluence is determined based on the average laser power distributed across

the thus-determined laser spot profile.

TWO-TEMPERATURE MODEL

We estimate the highest electron Tel and phonon Tph temperature reached in our exper-

iment using the two-temperature model [3] in one dimension along the surface normal as

detailed in [4]. Neglecting the lateral dimensions is justified because the typical electron

diffusion lengths are considerably shorter than the laser spot diameter. Two differential

equations couple the electron with the phonon temperature and describe their evolution in

time:

Cel(Tel)
∂

∂t
Tel =

∂

∂z
(κel

∂

∂z
Tel)−H(Tel, Tph) + S(z, t) (1)

Cph(Tph)
∂

∂t
Tph =

∂

∂z
(κph

∂

∂z
Tph) +H(Tel, Tph) (2)

with Cel and Cph the heat capacities of the electron and phonon system, respectively, and κel

and κph their thermal conductivities. The first term describes the thermal diffusion along

the z coordinate, the second term H couples the two subsystems, and S(z,t) reflects that

the optical excitation is only adsorbed by the electron system.

The thermal conductivity of the electrons κel is given by [5]:

κel =
1

3
ν2
Fγ

Tel

A(T 2
el) + B(Tph)

(3)

with νF the Fermi velocity, γ the specific heat of the illuminated material, and A and B

material specific constants.

In non-equilibrium, Eq. 3 reads:

κel,neq =
1

3
ν2
Fγ

Tel

A(T 2
el − T 2

ph) +
1
3
ν2
Fγ

Tph

κel,eq

(4)
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with κel,eq, the heat conductivity in equilibrium, Tel = Tph, from literature [9].

The electron-phonon coupling is calculated with time-dependent perturbation theory

yielding [10]:

H(Tel − Tph) = f(Tel)− f(Tph) (5)

with

f(T ) = 4G(
T

θD
)4
∫

θD
T

0

x4

ex − 1
dx (6)

with G the electron-phonon-coupling constant and θD the Debye temperature [6].

The optical excitation is given by:

S(z, t) =
2

√

π
log(2)

F

tFWHM

α exp(−4 log(2)(t/tFWHM)2 − zα) (7)

with F the absorbed fluence, tFWHM the temporal pulse half width, and α−1 the optical pen-

etration depth. Subtracting the electronic heat capacity Cel = γTel from the heat capacity

of a crystal in equilibrium gives the phononic heat capacity Cph.

Eqs. 1 and 2 are solved numerically using γCu = 96, 8J/(m3K2) [6], νF,Cu = 1, 57×106m/s

[7], ACu = 1, 2 × 107(K2s)−1, BCu = 0, 05 × 10−6(mW−1) [8], GCu = 1 × 1017W/(m3K))

[11], and θCu = 343K, yielding the values stated in the main manuscript.

STM IMAGES FOR THE POSITION-DEPENDENT ALTERATION OF THE SUR-

FACE TEXTURE

In Fig. 3 of the main text, we present individual images of the image series across the laser

spot at increased size. Fig. S1 to S5 present the original images recorded along the first x

branch (106 images), along the y branch (223 images), and the second x branch (71 images).
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FIG. S1. STM images along the first x branch from x = 0 µm to 8.8 µm.
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FIG. S2. STM images along the y branch from y = 0.6 µm to y = -7.7 µm.
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FIG. S3. STM images along the y branch from -7.7 µm to -14.2 µm.
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FIG. S4. STM images along the y branch from -14.2 µm to 20.5 µm.
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FIG. S5. STM images along the second x branch from x = 8.3 µm to 14.5 µm.
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