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The influence of laser beam size on laser-induced damage performance, especially damage probability and the

laser-induced damage threshold (LIDT), is investigated. It is found that damage probability is dependent on beam size

when various damage precursors with different potential behaviors are involved. This causes the damage probability and

the LIDT to be different between cases under a large-aperture beam and a small-aperture beam. Moreover, the fluence

fluctuation of the large-aperture laser beam brings out hot spots, which move randomly across the beam from shot to

shot. Thus this leads the most probable maximum fluence after many shots at any location on the optical component

to be several times the average beam fluence. These two effects result in the difference in the damage performance of

the optical component between the cases under a large-aperture and small-aperture laser.
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1. Introduction

In large high-power laser facilities, such as the

National Ignition Facility[1] in the United States, the

Laser Megajoule[2] in France, and the prototype of

SG-III laser facility[3] in China, laser-induced damage

of the optical component is a major concern. Much

research[4−9] has been performed to understand dam-

age initiation and damage growth. It is believed that

material imperfection and contamination are the main

causes of laser-induced damage, and the strategies de-

veloped to avoid the damage rely on reducing the ini-

tiator density.[10] However, most of the research has

been carried out at a small aperture and low energy

platform. From our operational experience of the pro-

totype of the SG-III laser facility, we find that there

is a significant difference in the laser-induced damage

performance between the cases under a small-aperture

laser and under a large-aperture laser. For example,

the optical components in large-aperture laser facil-

ities are usually damaged at a fluence much lower

than the laser-induced damage thresholds (LIDTs) ob-

tained in the case of a small-sized laser beam. In order

to figure out the difference, in this paper we investi-

gate the effect of laser beam size on the laser-induced

damage performance of optical components.

2. Laser beam aperture influence

Laser-induced damage performance is usually rep-

resented by the damaged probability and the onset

LIDT (laser fluence for 0% damage probability). The

studies of laser damage to optical components are car-

ried out at different fluences on a sample with given

laser beam sizes. The most commonly used test is

the 1-on-1 test, defined by the ISO 11254-1 standard,

which recommends the use of a beam size at least

400 µm for laser damage tests.

The laser damage probability obtained by the 1-

on-1 mode can be modeled. The model used in this

paper is the one developed by Krol et al.[11] Accord-

ing to the model, the beam size dependences of the

damage probability and the LIDT can be predicted.

First, we consider a material with a single damage pre-

cursor class, denoted as Φ. And we assume that the

damage precursor ensemble function is a Gaussian dis-

tribution with three variable parameters, i.e., damage

threshold mean value, threshold standard deviation,

and damage precursor density. The damage precursor

ensemble function represents the density of damage
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precursor initiating damage at a threshold fluence, as

shown in Fig. 1(a).

Fig. 1. (a) The damage precursor class ensemble with

the damage threshold mean value being 25 J/cm2, thresh-

old standard deviation 1 J/cm2, and damage precursor

density 100 mm−2. (b) Laser damage probabilities versus

fluence for different beam size diameters.

For a given Gaussian distribution, the laser dam-

age probability curve can be calculated with the model

mentioned above. The plots of damage probability

versus fluence for some different beam size diameters

are shown in Fig. 1(b). In this case, we should find

the same LIDT independent of the beam size. The

beam size should theoretically have no influence on

the measured LIDT. However, an increase in the laser

beam size changes the damage probability curve slope.

And as the beam size increases, the absolute LIDT

(laser fluence for 100% damage probability) decreases.

When the beam size is larger than 300 µm, the abso-

lute LIDT almost equals the onset LIDT.

In a second case, we consider that different dam-

age precursor classes can be embedded in a material.

In Fig. 2(b), we plot the damage probability in the

case of two classes of damage precursors, Φ1 and Φ2,

with the density of Φ1 being larger than that of Φ2,

and the threshold of the Φ1 damage precursors being

higher than that of the Φ2 damage precursors.

From the simulations, we find that in the case of a

beam size in the range of few tens of micrometers, the

onset LIDT will be 25 J/cm2, which is the intrinsic

threshold of the damage precursors Φ1. In this case,

the probability of finding a damage precursor Φ2 un-

der the laser beam is negligible. The same material

tested with a larger beam size (> 400 µm) should ex-

hibit another LIDT around 12 J/cm2, which is close

to the intrinsic threshold of the Φ2 damage precursor.

For intermediate beam sizes, a break in the slope of

the damage probability curve is expected. This occurs

when the probabilities of finding damage precursors

Φ1 and Φ2 under the beam are almost equal. There-

fore, if different classes of damage precursors can ini-

tiate the laser damage, the LIDT is beam size depen-

dent, and no scaling law can be used to predict the

damage threshold of an optical component from the

tests made with a small beam size.

Fig. 2. (a) Two damage precursor class ensembles with

the Φ1 damage threshold mean value 25 J/cm2, thresh-

old standard deviation 1 J/cm2, damage precursor density

100 mm−2, Φ2 damage threshold mean value 12 J/cm2,

threshold standard deviation 1 J/cm2, and damage pre-

cursor density 1 mm−2. (b) Laser damage probabilities

versus fluence for different beam size diameters.

It is shown in Fig. 2 that the beam size effect

on damage performance leads to the differences in the

damage probability curve and LIDT between the cases

under a small laser beam and under a large laser beam

in the case of different classes of damage precursors.

In high-power laser facilities, the damage precursors
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with the lowest damage threshold are the most con-

cerned. According to Fig. 2, a large beam size is nec-

essary to find the damage precursors with the lowest

damage threshold and to measure the real LIDT of

the large-area optical component. A beam size larger

than 400 µm, which is recommended in the ISO 11254-

1 standard, is not sufficient. How large the laser beam

should be in order to measure the onset LIDT depends

on the density of the damage precursor with the low-

est LIDT. Without pre-knowledge of the damage pre-

cursors, a laser beam with a size equal to the optical

component area is required. Or raster scanning[12] can

be implemented for a laser-induced damage study of

the large-area components.

3. Laser beam modulation influ-

ence

In addition, most of the small-aperture damage

performance tests have not taken into account the

damage due to the statistical fluctuation typical of

large-aperture lasers. A large-aperture beam has a

distribution of fluences (i.e., fluence beam contrast) in

the cross section of the beam. The operational beam is

assumed to have a nominal flattop with the intensity

fluctuation described by a Rician distribution. The

single shot Rician probability distribution is given by

p
(
F, F̄ , c

)
=

1

2σ2
exp

[
−
(
F + F̄ − 2σ2

2σ2

)]
× I0

(√
F (F̄ − 2σ2)

σ2

)
,

where F̄ is the mean fluence, σ is the standard devi-

ation of the noisy field amplitude, and I0 is a Bessel

function of the second kind. The fluence beam con-

trast c is σ divided by F̄ . The Rician distribution is

completely parameterized by two quantities, the mean

fluence and the contrast ratio of the beam.

The hot spots in the large laser beam are assumed

to move spatially from shot to shot, meaning that at

any given location, a different fluence for each shot at

a constant average beam fluence can be seen. For a

randomly migrating fluence, the distribution of maxi-

mal fluence at each location after n shots is given by

pn (F ) = np (F )

[∫ F

0

p (F ) dF

]n−1

.

The maximal fluence distributions for the Rician

distribution after 1, 10, 100, and 1000 shots are plot-

ted in Fig. 3 respectively. Note that after many shots

for this assumption, most locations on the large aper-

ture component have been exposed to the fluence at

the high tail of the single shot distribution. For ex-

ample, the most probable maximum fluence at any

location after 1000 shots is 1.23 times the average

beam fluence. Thus due to the fluence fluctuation of

the large aperture laser, the optical components ac-

tually bear a higher fluence than the average beam

fluence. The cumulative damage probability after n

shots at any location is the damage probability under

the most probable maximum fluence instead of the

average beam fluence.

Fig. 3. Probability distributions of maximal fluence af-

ter 1, 10, 100, and 1000 shots with average beam fluence

6 J/cm2 and beam fluence contrast 0.05.

The most probable maximum fluence is affected

by laser shots and the fluence beam contrast. The

most probable maximum fluence after 1000 shots is

plotted as a function of beam contrast in Fig. 4. As

can be seen, the most probable maximum fluence de-

creases linearly with the decrease in the beam con-

trast.

Fig. 4. Most probable maximum fluence as a function

of beam fluence contrast (the average beam fluence is

6 J/cm2).
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4. Conclusion

In this paper, we investigate the influence of laser

beam size on laser-induced damage performance, es-

pecially damage probability and LIDT. We find that

the effects of beam size on damage performance have

two aspects. First, the damage probability is beam

size dependent when various damage precursors with

different potential behaviors are involved, and a large

beam size can measure the lowest LIDT among var-

ious damage precursors. Second, the fluence fluc-

tuation of a large aperture laser beam and the hot

spots moving randomly from shot to shot lead the

most probable maximum fluence at any location on

the large-aperture component to be several times the

average beam fluence. The effects of laser beam size on

damage performance can be used to explain the phe-

nomenon that optical components in large-aperture

laser facilities are usually damaged under a beam flu-

ence which is much lower than their LIDTs.
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