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Abstract
We developed a systematic experimental method to demonstrate that damage threshold fluence (DTF) for fused silica
changes with the number of femtosecond laser (800 nm, 65± 5 fs, 10 Hz and 600 Hz) pulses. Based on the experimental
data, we were able to develop a model which indicates that the change in DTF varies with the number of shots
logarithmically up to a critical value. Above this value, DTF approaches an asymptotic value. Both DTF for a single
shot and the asymptotic value as well as the critical value where this happens, are extrinsic parameters dependent on the
configuration (repetition rate, pressure and geometry near or at the surface). These measurements indicate that the power
of this dependence is an intrinsic parameter independent of the configuration.

Keywords: laser-induced breakdown; laser damage; lasers and laser optics

1. Introduction

Pulsed femtosecond laser damage studies are crucial for
many applications of high-energy physics[1], medical
therapy[2] and fabrication of precise micro-structures[3]. It
is particularly vital for systems that are expected to operate
for years without replacing their crucial component, as is
the case with advanced laser-driven particle acceleration
schemes. A defining measure in this context is the damage
threshold fluence (DTF) of the material, being calculated
as the energy per surface area unit that the material
can sustain without experiencing irreversible damage to
its optical properties. DTF dependences on single pulse
duration[4], on wavelength[5] and on material band gap[6]

have been investigated extensively and are reasonably well
characterized. For low-loss dielectrics, e.g., silica (SiO2),
at single pulse operation, the typical value of DTF is
a few J/cm2 for a sub-picosecond long pulse[7]. Much
higher values of DTF (100 J/cm2), when operating at UV
nanosecond pulses, were reported for chemically etched
fused silica[8, 9].

For cases in which the same spot is exposed to multiple
shots, several experiments showed that the DTF is lower as
compared with a single shot[10–14]. This effect, known as
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incubation, was mostly investigated in metals, for pulse du-
rations which vary between nanoseconds and femtoseconds.
In addition, various features were examined at low or high
repetition rate[11, 15], and a power-law relation was proposed
to describe the DTF dependence on the number of laser
shots. However, only a few groups considered incubation
operating with sub-picosecond pulses in dielectrics[16–23],
especially fused silica which plays a crucial role in a variety
of high power optical components[24, 25]. When comparing
the experimental accumulation dependence in different stud-
ies one should keep in mind that, except for the various
metrics examined (laser wavelength, pulse duration and
pressure), the method for establishing the damage criterion
and the exposure method differ from one study to another.
Therefore special attention should be given to the latter two.

First, with regards to the damage criterion, DTF is mostly
determined ex situ by extrapolating the visible geometrical
damage observed with an optical Nomarski microscope[26]

or a scanning electron microscope[27]. However, an online
detection system is required in order to measure an accu-
mulative process in real time in situ. While some studies
utilized an in situ online camera[28], in this study we monitor
a probe laser by a shielded silicon photo-detector with a
narrow bandpass filter.

Second, with regards to the exposure method, most studies
rely on exposing the sample to a fixed number of laser
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