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Color characterization of infrared two-photon vision
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Humans have the ability to perceive pulsed near-infrared (NIR) light as visible light with about half the wavelength
through a process known as two-photon (2P) absorption. Although it has been known for several decades, color per-
ception in 2P vision remains uncharacterized. In this study, we conducted color matching experiments between pulsed
NIR light and continuous visible light. We investigated seven NIR wavelengths ranging from 880 to 1100 nm, along
with three radiant power values at the pupil plane, varying from 10 to 30 µW. Through these experiments, we obtained
chromatic coordinates, chromaticity diagrams, dominant wavelengths, and average spectra. We found a pronounced
correlation between perceived hue and wavelength, with hues shifting from reddish purple at 880 nm to blue, green, and
yellowish green at 1100 nm. Moreover, we observed a relationship between hue and power for the wavelengths closer to
the visible end of the spectrum. This phenomenon appears to be a consequence of the intensity-dependent ratio between
the single photon (1P) and 2P absorption efficiencies of the visual pigments. © 2023 Optica Publishing Group under the

terms of the Optica Open Access Publishing Agreement

https://doi.org/10.1364/OPTICA.507240

1. INTRODUCTION

The human eye is commonly believed to have a range of vision lim-
ited to the so-called visible region of the electromagnetic spectrum,
with wavelengths ranging from approximately 400 to 700 nm.
However, since the early 20th century, it has been known that the
human eye retains the ability to detect light in the near-infrared
(NIR) region, albeit with reduced retinal sensitivity. Studies
showed that foveal sensitivity drops by a factor of 106 and 1010 for
wavelengths of 800 and 1000 nm, respectively, compared to its
peak value at 550 nm [1,2].

Subsequently, with the advent of the first lasers, it was observed
that when the eye is illuminated with pulsed light it is possible
to perceive light in the NIR as visible light with about half the
wavelength of the incident light [3–6]. The underlying physical
mechanism responsible for this visual phenomenon has been a
subject of debate for several decades. Two distinct nonlinear mech-
anisms have been proposed to try to explain the phenomenon:
second harmonic generation (SHG) occurring in the cornea, lens,
or retina [4,6–8]; or two-photon (2P) absorption by retinal pho-
topigments [5]. In 2014, Palczewska et al. combined biochemical,
electrophysiological, and computational tools with psychophysical
experiments to provide strong evidence for 2P absorption and
a direct photoisomerization of the visual pigments as the most
likely cause for this phenomenon [9]. The nonlinear nature of the
phenomenon has also been validated by subsequent studies [10].

2P vision provides a variety of avenues for the development
of new clinical tests. The ability of the human eye to perceive

NIR light under specific conditions, coupled with the higher
penetration of IR light in scattering media, is an advantage, for
example, for testing retinal response in the cases where ocular
opacity does not allow its assessment with conventional tech-
niques. Recently, several studies have been reported exploring this
approach by assessing IR light retinal sensitivity and developing
the so-called 2P microperimetry [11–16]. Other metrics of visual
performance such as visual acuity have also been studied in their 2P
counterpart [17].

Despite the efforts to elucidate the nature of the visual phe-
nomenon and its potential applications in a clinical environment,
a comprehensive quantitative characterization of color perception
in 2P vision has not yet been achieved. Currently, color characteri-
zation has only been accomplished to some extent by qualitatively
describing the perceived hue or by associating the perceived color
with a pure wavelength [3–5,8,9]. To try to fill this gap, in this
study we conducted color matching experiments between pulsed
NIR and continuous visible light, with the objective of quan-
titatively characterizing the perceived hue during the 2P vision
process while considering different adjustable parameters of the
illumination source. Specifically, we investigated the impact of
the laser wavelength and the radiant power entering the pupil.
We expect that a thorough and quantitative comprehension of
color perception in 2P vision will unlock new avenues for research
and clinical applications of the phenomenon. In particular, a full
understanding of 2P color perception could be the starting point
for the development of a 2P retinal display. Such a display could
allow us to perceive tunable color images in cases where the opacity
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of the ocular media hinders conventional vision, among other
potential applications.

2. METHODS

A. Experimental Setup

A combined 1P and 2P retinal projection display, based on a pre-
viously developed setup, was used to carry out the psychophysical
experiment [10,17]; further details of the system can be found in
those references. A schematic diagram of the experimental setup
is presented in Fig. 1. A supercontinuum pulsed laser (SuperK
COMPACT, NKT Photonics, Birkerød, Denmark) with a broad
spectrum spanning from 450 to 2400 nm, pulse durations of the
order of 1 ns, and a maximum pulse repetition frequency of 20 kHz
was used. Throughout all the color matching experiments, the
laser was operated at a fixed pulse repetition frequency of 15 kHz.
Regarding stability, the laser exhibits a mean power fluctuation
lower than±1%/h and a pulse–pulse jitter of less than 2µs.

Throughout all the tests, the exit pupil of the system was set
at 1.5 mm. This reduced aperture made the impact of defocus
and focus errors caused by the longitudinal chromatic aberration
negligible.

Next to the IR stimulus, another stimulus of continuous visible
light emitted by an AMOLED microdisplay (SXGA, eMagin
Corporation, Hopewell Junction, NY, USA) is projected onto
the fovea. The visible stimulus is introduced into the system
through lens L5 and a beam splitter (BS). The size and appearance
of this stimulus are controlled by custom software; its shape and
dimensions are chosen to be the same as those of the IR stimulus.

B. Psychophysical Test

Four healthy volunteers, aged between 22 and 50 years, partici-
pated in the study. All participants were either emmetropic or fully
corrected, and reported no history of ocular diseases or conditions
that could affect the outcome of the study. The presence of color
deficiencies was evaluated by means of the 38 plates Ishihara test.
All subjects successfully completed the test without errors. They
were all members of the lab trained in psychophysical experiments.

The study was approved by the Ethics Committee of the University
of Murcia (Spain). It followed the tenets of the Declaration of
Helsinki, and all subjects gave informed consent prior to any
measurement.

The tests were conducted in a dark room in which all possible
light sources were minimized (Ev < 0.1 lux), including reflec-
tions on the system, indicator lights, and monitor light. These
conditions served to standardize the experiment for all subjects
and allowed us to maximize the contrast between the stimuli (IR
and visible) and the background, so that we could work close to
the 2P vision thresholds and prevent possible alterations in color
perception induced by external light sources. Prior to the start of
the experiments, the subjects were dark adapted to these conditions
for 20 min. A bite bar was used to maintain the position of the
participants during the experiments.

During the tests, the IR and visible stimuli were simultaneously
projected side-by-side onto the subjects’ fovea. The objective of the
participants was to match the perceived color of both stimuli for
each combination of wavelength and power at the pupil plane. For
this purpose, the subjects could individually modify the hue, satu-
ration, and value (HSV) coordinates of the visible stimulus using
a keypad. They were allowed to modify the color coordinates in
any order and make as many adjustments as they deemed necessary.
Prior to any measurement, the AMOLED display was initialized
to the same color in the green zone. The procedure was repeated
three times for each of the cases considered. There was a rest time of
2 min between each test. The tests were divided into two sessions.
In the first one, the first three wavelengths were measured, while in
the second one the remaining four wavelengths were measured.

C. Color Measurement

Following the color matching process between the 2P and the
visible stimuli, the chromatic information of the visible light
was indirectly obtained using a spectrometer (USB4000, Ocean
Optics, Largo, FL, USA). Due to the low light levels involved in
the experiments, the measurement of the visible light spectrum
was only feasible immediately after the AMOLED display. The
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Fig. 1. Schematic representation of the 1P and 2P display. The path of the pulsed IR beam is depicted in red, while the path of the visible beam is repre-
sented in green. BP filter, bandpass filter; LP filter, longpass filter; A1 and A2, apertures; L1–5, lenses; xyG, two-axis galvo mirror; NDF, neutral density fil-
ter; BS, beam splitter.
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visible spectrum was measured between 380 and 780 nm with an
integration time of 10 s.

The light from the display passes through a lens (LA1213-A,
Thorlabs, Newton, NJ, USA), a mirror (PF10-03-P01, Thorlabs),
and a beam splitter (BP233, Thorlabs) before reaching the subject’s
pupil. To account for any potential color effects introduced by
these optical elements, we propagate the spectrum of the light
under consideration across all the elements from the transmittance
(for the lens) and reflectance (for the mirror and the beam splitter)
data provided by the manufacturer.

The resulting spectrum, which corresponds to the light reach-
ing the pupil plane, is then transformed to CIE 1931 chromatic
coordinates (x , y ) by means of the color matching functions
[18,19]. For each case, the average of the three trials performed by
the subjects is considered. The associated dominant wavelength is
also calculated for each case from the CIE 1931 chromatic coordi-
nates [20,21]. It is defined as the wavelength of a monochromatic
light that evokes the same hue perception as the light under con-
sideration when combined with achromatic (white) light. It is
obtained from the CIE 1931 diagram by projecting the line con-
necting the reference white with the color under consideration to
the spectral locus. The point at which this line intersects the locus
indicates the dominant wavelength [20]. For these calculations,
the equienergy point E (x = 0.33, y = 0.33) is adopted as the
achromatic white point.

Despite being a widely used system, the distribution of colors
in the CIE 1931 color space is very non-homogeneous in terms of
visual perception [22]. Thus, it is convenient to use other systems
with a more homogeneous color distribution such as the CIE 1976
Uniform Chromaticity Scale (UCS). The coordinates (u ′, v′) of
this diagram can be obtained from the coordinates (x , y ) of the CIE
1931 system by means of the following transformations [23]:

u ′ = 4x/(−2x + 12y + 3); v′ = 9y/(−2x + 12y + 3).

All the calculations for the propagation of the spectrum, its
transformation to chromatic coordinates, and averaging have been
carried out by means of custom routines programmed in Wolfram
Mathematica (Wolfram Research, Champaign, IL, USA).

3. RESULTS

CIE 1931 and CIE 1976 coordinates were obtained for all com-
binations of NIR wavelength and power at the pupil plane. The
between-subject average of the chromatic coordinates is presented
in Table 1. Measurements at a power of 10 µW were not feasible
for wavelengths above 950 nm because the 2P stimulus lacked
brightness for color matching.

To visually analyze the chromatic information, chromatic-
ity diagrams were generated from the chromaticity coordinates
(Figs. 2 and 3). For the lower wavelengths (880–920 nm) there
is a noticeable hue shift from reddish-purple to blue as both
wavelength and power increase. For the higher wavelengths
(950–1100 nm), there is a hue shift from blue towards green and
yellowish green with increasing wavelength. As can be seen in
Fig. 3, there is a greater effect and inter-subject variability in hue
perception for lower wavelengths compared to higher wavelengths.

Furthermore, dominant wavelengths were computed from
the CIE 1931 coordinates (Table 2). For the cases of 880 nm in all
instances and for 900 nm at power values of 10 and 20 µW, it was
not possible to define a dominant wavelength, and non-spectral

Table 1. Average CIE 1931 (x, y) and CIE 1976 (u′, v′)
Coordinates of Color-Matched 2P Stimuli

a

λLaser, nm P ,µW x (1x) y (1 y) u′ (1u′) v′ (1v′)

880 10 0.450
(0.081)

0.319
(0.018)

0.303
(0.052)

0.484
(0.023)

20 0.414
(0.089)

0.312
(0.019)

0.280
(0.058)

0.474
(0.025)

30 0.384
(0.089)

0.310
(0.026)

0.257
(0.056)

0.468
(0.028)

900 10 0.344
(0.085)

0.302
(0.024)

0.231
(0.055)

0.458
(0.027)

20 0.293
(0.067)

0.282
(0.019)

0.202
(0.043)

0.437
(0.022)

30 0.247
(0.047)

0.269
(0.015)

0.172
(0.030)

0.422
(0.017)

920 10 0.254
(0.026)

0.277
(0.012)

0.174
(0.015)

0.428
(0.011)

20 0.206
(0.042)

0.256
(0.014)

0.145
(0.027)

0.407
(0.016)

30 0.189
(0.030)

0.2517
(0.0094)

0.134
(0.020)

0.401
(0.011)

950 20 0.186
(0.013)

0.278
(0.031)

0.1245
(0.0043)

0.418
(0.022)

30 0.1619
(0.0065)

0.261
(0.016)

0.1115
(0.0039)

0.404
(0.011)

1000 20 0.245
(0.015)

0.438
(0.043)

0.127
(0.011)

0.506
(0.018)

30 0.237
(0.015)

0.451
(0.048)

0.1197
(0.0066)

0.510
(0.020)

1050 20 0.273
(0.018)

0.466
(0.023)

0.136
(0.013)

0.5210
(0.0070)

30 0.275
(0.012)

0.504
(0.020)

0.1298
(0.0078)

0.5336
(0.0060)

1100 20 0.3234
(0.0067)

0.490
(0.014)

0.1572
(0.0008)

0.5354
(0.0052)

30 0.3266
(0.0064)

0.5038
(0.0085)

0.1557
(0.0040)

0.5402
(0.0026)

aλLaser and P are the considered laser wavelength and power at the pupil
plane, respectively.1x ,1y ,1u ′, and1v′ represent standard deviations.

purples were obtained. Therefore, in these cases it is not possible to
reproduce the hue under consideration from the mixture of a single
monochromatic light and a white (achromatic) light. In those cases
where a dominant wavelength could be defined, there is a shift
from blue towards yellowish green as the wavelength increases, as
is also seen in the chromaticity diagrams. However, no differences
in dominant wavelength values were observed across the different
power levels considered for each laser wavelength. This suggests
that, at wavelengths above 900 nm and for the range of powers
considered, the power at the pupil plane does not have a substantial
impact on the hue perception.

In Fig. 4 the dominant wavelength is plotted against the laser
wavelength for a fixed power level of 30 µW, as it contains the
largest number of available data points. It is observed that the
points corresponding to lower wavelengths (900–950 nm) deviate
considerably from the ideal line λD = λLaser/2, shifting towards
longer wavelengths. Conversely, as the laser wavelength increases,
the points tend to approach the ideal line (Fig. 4).

Lastly, the average matched spectrum of the visible light stimu-
lus was computed for all subjects at each wavelength and power
combination (Fig. 5). It can be seen that for the 880 and 900 nm
wavelengths there is a notable contribution from both a peak in the
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Fig. 2. CIE 1931 chromaticity diagram displaying average coordinates of color matched 2P stimuli. Points corresponding to the same wavelength are
connected by lines. Each considered power is represented by a different symbol: circle for 10 µW, square for 20 µW, and triangle for 30 µW. The error bars
represent a standard deviation in the x and y coordinates. The gray triangle represents the gamut of the display propagated to the pupil plane.

blue region and a peak in the red region. It can also be seen that for
880–920 nm, for a normalized contribution of the blue peak, there
is a decrease in the contribution of the red peak with increasing
power.

4. DISCUSSION

A psychophysical experiment has been conducted to study and
quantitatively characterize the perceived hue during the 2P vision
process as a function of the NIR wavelength and the radiant power
passing through the pupil. It should be noted that the NIR wave-
lengths were selected using filters that provide beams that are not
monochromatic. This could have some effect on the perceived hue.
Moreover, the filtering of the supercontinuum laser might alter
the pulse duration, and this may have some impact on the color
comparison between wavelengths, especially for the lower ones. In
addition, higher order aberrations have not been corrected during
the experiments, but their impact should be largely reduced by
limiting the beam diameter entering the eye.

A strong dependence of the perceived hue with wavelength has
been observed, shifting from reddish purple at 880 nm to blue,
green, and finally to yellowish green at 1100 nm. These findings
are consistent with previous studies [3,5,7,9]. The gamut of the
AMOLED display is the main limitation of the experiment. As

can be seen in Figs. 2 and 3, most of the points fall close to the
boundaries that enclose the gamut. This suggests that the subjects
would have chosen more saturated colors, if possible, during the
color matching process. Therefore, using a display with a wider
gamut would provide more accurate measurements.

A dependence of the perceived hue on power at the pupil plane
has also been found for the lower wavelengths, but not for the
higher ones. This phenomenon, observed mainly at wavelengths
approaching the end of the visible spectrum, is presumably due
to the combined effect of conventional one-photon (1P) vision,
resulting from the linear absorption of light from the IR tails,
and the nonlinear 2P vision process. Indeed, the likelihood of
2P absorption increases quadratically with the average power of
the incident light beam, whereas the likelihood of 1P absorption
increases linearly with beam power [24]. These different depend-
encies would cause a change in the spectrum of the perceived light,
which would translate into the observed hue shift.

The distribution of the spectral peaks (Fig. 5) allowed us to
gain a deeper insight into how hue perception varies with power.
The existence of a relevant contribution from both a red peak and
a blue peak in the 880 and 900 nm spectra is consistent with the
impossibility of defining a single dominant wavelength (Table 2)
and with the upward deviation of the dominant wavelength from
half the laser wavelength in these cases (Fig. 4). Moreover, it has
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Fig. 3. CIE 1976 UCS chromaticity diagram of the average coordinates. Points corresponding to the same wavelength are connected by lines. Each con-
sidered power is represented by a different symbol: circle for 10µW, square for 20µW, and triangle for 30µW. The error bars represent a standard deviation
in the u ′ and v′ coordinates. The gray triangle represents the gamut of the display propagated to the pupil plane.

Table 2. Average Dominant Wavelength (λD) as a
Function of Laser Wavelength and Power at the Pupil
Plane

a

( ), nm

Laser, nm 10 μW 20 μW 30 μW

880 - - -

900 - - 478 (10)

920 482 (2) 483 (2) 484 (1)

950 487 (3) 486 (2)

1000 510 (12) 510 (9)

1050 525 (11) 533 (7)

1100 551 (4) 553 (2)

a1λD represents the mid-range of the dominant wavelength values. Each
cell is colored with the approximate color of the corresponding dominant
wavelength.

been observed that for 880–920 nm the contribution of the blue
peak increases while the contribution of the red peak decreases
with increasing power. This trend is not observed for the other

Fig. 4. Dominant wavelength against laser wavelength for a fixed
power of 30 µW at the pupil plane. The red line represents half the wave-
length of the laser beam, corresponding to the expected ideal case in 2P
vision. The experimental data points and their mid-range are depicted in
blue.

wavelengths. From 950 nm onwards, the relative magnitude of the
spectral peaks remains constant with power, which would imply
a dominance of the 2P absorption phenomenon for all powers.
Therefore, the 1P vision mechanism would contribute to the
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Fig. 5. Average spectrum of the matched visible stimulus (between 380 and 780 nm) as a function of NIR wavelength and power at the pupil plane.
Spectra corresponding to λLaser = 880 nm are normalized to the first peak for ease of comparison. The remaining spectra are normalized to the largest peak.
The spectra corresponding to 10µW of power are shown in red, those for 20µW are shown in purple, and those for 30µW are shown in blue.

perceived color with a red component that decreases its relative
weight as both power and wavelength increase. The coexistence of
1P and 2P vision could potentially be applied in the diagnosis of
retinal dysfunction. Photoreceptor damage could alter the ratio
between 1P and 2P absorption, which would result in a divergence
of the perceived hue compared to a healthy eye.

It should be noted that in this experiment we kept the laser
repetition rate and pulse width, as well as the numerical aperture of
the system, constant. It would be expected that these results would
vary for other operating conditions. Future work in this direction
would include a study of the influence of the remaining adjustable
laser parameters on the perceived color. A full understanding of
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this influence would allow the relative presence of both types of
vision (1P and 2P) to be regulated at will. This could be used in
2P retinal displays where RGB stimuli are presented by using only
infrared light. Since the color percepts result from the same NIR
wavelength, the red and blue components of such a stimulus would
be focused on the same plane. Moreover, a green component corre-
sponding to 1050 nm would present a modest defocus of about 0.2
D with respect to the 880 nm wavelength [25]. Therefore, an RGB
stimulus based on 2P vision would be nearly free of longitudinal
chromatic aberration (CA). Transverse CA is also expected to be
minor. A 2P retinal display with minimal CA may be of great inter-
est in the field of virtual reality (VR), where optimal visual fidelity
is required. Notably, some commonly used commercial devices
exhibit a noticeable amount of transverse CA [26]. By adopting
a 2P retinal display these chromatic issues could be effectively
addressed, potentially improving the VR experience.

Regarding the distribution of the data, we noticed that for the
lower wavelengths there is a greater dispersion between subjects
(Table 1, Fig. 3). This could be due to small misalignments during
the measurement process. Despite the use of a bite bar to fixate
the subjects’ position throughout the experiment, small head
movements may occur. These subtle movements could result
in decentrations where the beam enters the pupil off-axis while
the focal point remains at (or near) the fovea. In these cases, the
Stiles–Crawford effect may occur. Alternatively, rotations may
take place in which the beam enters the center of the pupil, but
the image is projected outside the fovea, so that waveguiding is
efficient but the distribution of photoreceptors changes. These
effects independently or combined could modify the perceived
color. We have qualitatively tested this situation and found that the
hue variations are more pronounced at lower wavelengths, which
is consistent with the results obtained. For higher wavelengths,
misalignments result in a decreased brightness of the stimulus
rather than a hue shift. This opens new avenues to investigate the
variation of color perception when the infrared stimulus is pre-
sented at retinal locations other than the center of the fovea, as well
as how the Stiles–Crawford effect is manifested in 2P vision.

5. CONCLUSIONS

We conducted a psychophysical experiment to quantitatively
characterize the effect of different adjustable parameters in the
illumination source, specifically the wavelength and the radiant
power entering the pupil, on the perception of hue during the 2P
vision process.

We found a strong dependence of perceived hue on wavelength
in the NIR, which is in good agreement with previous works
[3,5,7,9]. We also found that the perceived hue exhibits a depend-
ence on radiant power, especially for NIR wavelengths closer to
the end of the visible spectrum. This visual effect appears to be the
result of the linear versus squared dependence on intensity of 1P
and 2P absorption. To date, this phenomenon has not been con-
sidered in safety standards, visual stimulation paradigms, or color
theory and offers additional degrees of freedom for the generation
of metamers.

APPENDIX A: LASER SAFETY CALCULATIONS

A detailed description of the safety calculations is presented in this
appendix. The calculations are based on the ANSI Z136.1-2014
standard and the paper by Delori et al. in which they formulate

the limits imposed by the ANSI standards with emphasis on
ophthalmic devices [27,28].

We worked with a pulsed supercontinuum laser with
pulse duration t1 = 1 ns, a repetition rate of F = 15 kHz,
and seven narrow bands with center wavelengths λLaser =

{880, 900, 920, 950, 1000, 1050, 1100} nm. Our stimu-
lus consisted of a square subtending an angle of 4× 4 arcmin
(or 1.2 mrad). This is below the minimum angle for which
the standard considers it an extended source, αmin = 1.5 mrad
[27,28]. Therefore, the calculations are performed consider-
ing the stimulus as a point source. Although each trial lasted
approximately 60 s and subjects had a 2 min pause before per-
forming the next trial, we adopted the conservative approach of
considering the sum of all trials as the exposure time T. As it was
more restrictive, we considered the total number of measure-
ments of the first session for the calculation of the limits. Thus,
T = (3 wvls)× (3 powers)× (3 trials)× (60 s)= 1620 s. Since
we did not limit the time that subjects spent on each trial, we
further restricted the limits by extending the exposure time to
T = 2000 s.

For repetitive-pulse lasers, the most restrictive maximum per-
missible exposure (MPE) at the cornea obtained from three rules
must be chosen [27,28]:

1. single-pulse limit:

MPE (t1) in J/cm2,

2. average-power limit:

MPE (T) /n in J/cm2,

3. repetitive-pulse limit:

C P MPE (t1) in J/cm2,

where n = F T is the number of pulses, and C P = 1 for this com-
bination of source size and pulse duration. Since the duration of
the pulses t1 is smaller than tmin (5 µs for 400<λ< 1050 nm,
and 13 µs for 1050<λ< 1400 nm) in all cases, rule 3 must be
evaluated using t1 = tmin. The evaluation of the three rules shows
that rule 2 is the most restrictive in all cases. We use a power meter
to measure the radiant power in the plane of the pupil, so it is
convenient to express the safety limits in terms of radiant power
through the pupil MP8 [28]:

MP8 (T)=MPE (T)
A p,7

P
in W,

where A p,7 is the area of a 7 mm pupil (A p,7 = 0.385 cm2), as sug-
gested by the standard [27,28]; and P is a pupil factor (P = 1 for all
considered wavelengths). The MPEs are given by [27]

MPE (T)=C A × 10−3 W/cm2 for 700<λ< 1050 nm,

MPE (T)= 5CC × 10−3 W/cm2 for 1050<λ< 1200 nm,

with C A = 100.002(λ−700) and CC = 1. Table 3 shows the resulting
safety limits for each wavelength considered during the experi-
ments. As can be seen, the maximum power used of 30 µW is a
factor of 29 to 64 below the safety limits in all cases.

Exposures to several wavelengths are additive on a proportional
basis. To comply with the safety standard, the summed ratios must
be smaller than one. Taking this into account, we operated a factor
of three below the safety limit.
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Table 3. MP8 Entering the Pupil for Each Wavelength
in the NIR

λ, nm 880 900 920 950 1000 1050 1100
MP8,µW 882 967 1060 1218 1533 1930 1925
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