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Table I. Optical and thermo-mechanical properties of fused silica.

Physical properties Fused silica
Density ρ[g/cm3] 2.2a,c,n,p,q,t

Refractive index (λ = 800 nm) 1.45d,g

Electron band gap Eg[eV ] 9d, 9.3m, 7.2-7.8c,f,j

Kerr effect 10−16[cm2/W ] 3.54d,g, 3.89i

Electron collision time [fs] 0.2-23.3: 0.5v, 1.27d, 10g

Electron recombination time τrec[ps] 0.06s, 0.15i,g,r,d,m, 1-2u,v, 30c, > 100u,v

Photoionization rate wpi

λ = 800 nm σ6[ m9

W6s
]

Keldyshg

6-photon: 2 · 10−65d,m,g, 6 · 10−63e,l,g, 3.15 · 10−67s,g

Heat capacity Ci[J/(kgK)] 772-790a,t, 730-752b,d,n, 1335-1440x(1600-2400K), 1450c,w (1873K), 704-845f, 1100q

Thermal conductivity ki[W/(mK)] 1.31t, 1.38-1.4a,n, 1.4-2.514b, 1.38-1.67f, 1.4-3.0h,w (300-2500K)

Softening temperature Tmelt[K] 2000-2006b,q,e, 1873-1875c,t, 1750n, 1993p

Thermal diffusivity, 10−7D[m2/s] 5.9

Shear modulus G[GPa] 31.2b,w, 30-33.5k (200-1800K), 31-33p (300-1700K)

a−fReferences 1, 2, 3, 4, 5, 6. g−lReferences 7, 8, 9, 10, 11, 12. m−tReferences 13, 14, 15, 16, 17, 18, 19,20.
u−xReferences 21, 22, 23, 24.

Figure 1. Heat capacity, thermal conductivity and viscosity temperature dependencies for fused silica glass.
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APPENDIX: THERMO-ELASTIC PROPERTIES OF FUSED SILICA

The temperature dependence of ion heat capacity for fused silica is plotted in Fig. 1(a). The values are taken from
recent experimental data [3, 25] approximated as

Ci =


1.6 ·

(
1 +

√
Ti−300

200 /8

)
MJ
m3K , 300K ≤ Ti < 500K

1.8 ·
[
1 +

(
Ti−500
1375

)1.25 11
18

]
MJ
m3K , 500K ≤ Ti < 1875K

[3.2 − 0.3
(

1875
Ti

)10
] MJ
m3K , Ti ≥ 1875K,

(1)

consistent with the experimentally reported values given in Table I. In fact, the heat capacity Ci significantly increases
with temperature (see Suppl. Info in Ref. [24]). For instance, if the value corresponding to the initial conditions is
taken (Ci ≈ 800 J/(kgK)) instead of the temperature dependent heat capacity given by (1), the lattice temperatures
for the considered laser irradiation conditions are overestimated by more than 50%.

An adaptive fit is used to reproduce the temperature dependence of the fused silica thermal conductivity with slope
discontinuities at the annealing temperature Tanneal = 1400 K and the melting temperature Tmelt = 1875 K [8] as
follows

ki =


1.3 + 1.6 ·

(
Ti

1400

)1.7 W
Km , 300K ≤ Ti < 1400K

2.9 − Ti−1400
475

W
Km , 1400K ≤ Ti < 1875K

1.9 W
Km , Ti ≥ 1875K.

(2)

The temperature dependence is plotted in Fig. 1(b) and the experimentally reported values are summarized in
Table I. The thermal conductivity ki rises up to the annealing temperature. It then drops down to the melting
point, according to the recent experimental measurements performed by using infrared thermography [8, 23]. This
discontinuity significantly influences the temperature evolution in the multi-pulse accumulation regimes since the
cooling time of the lattice is related to the diffusivity D = ki/ρCi as follows τcool = w0

2/D.
The corresponding temperature dependency of viscosity is described by the Vogel-Fulcher-Tammann (VTF) model,

fitting the viscosity data for the intermediate temperatures over many orders of magnitude with high accuracy [26]

log[η(Ti)] = A+B/(Ti − TV ), (3)

where A = −7.925 and B = 31555.9 K are constants, and TV = −142 K is Vogel’s temperature. For fused silica,
the parameters are taken from Ref. [27]. The resulting viscosity curve shown in Fig. 1(c) fits well the experimental
measurements [28–30] and is consistent with the other models [26]. The structural relaxation time is defined as
τM = η/G, where the shear bulk modulus is taken equal to G = 31 GPa, in agreement with a number of the
experimental measurements performed for a wide range of temperatures [11, 16, 25].
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