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ABSTRACT

Outside of the Galactic plane there are two major
sources of confusion that limit the sensitivity of con-
tinuum observations at submillimeter wavelengths:
the spatial structure of the thermal emission from
dust in the Milky Way, and the crowding of extra-
galactic sources at faint levels. We present estimates
of the “noise” expected from these two types of con-
fusion as a function of wavelength and beam size
on the sky, and compare them to detector and pho-
ton noise estimates for proposed space-borne tele-
scopes. Confusion “noise” cannot be reduced by
longer integration times or more sensitive detectors,
and can limit the performance of cryogenic telescopes
in the one-meter class to a photometric uncertainty
between 1 and 10 mJy at A > 100um.

Keywords: confusion, galaxy counts, cirrus, tele-
scopes, sensitivity.

1. INTRODUCTION

The sensitivity of a telescope designed for operation
at infrared or submillimeter wavelengths is deter-
mined by the thermal background of the telescope
itself, by detector performance, and ultimately by
natural backgrounds. The minimum possible noise
due to celestial backgrounds arises in statistical vari-
ations in the total photon rate from the sky. How-
ever, spatial non-uniformity in that emission can set
considerably higher limits to the minimum measur-
able signals, as it curtails our ability to assign a flux
to a position. This effect, generally called “confu-
sion”, can be caused either by structure modulating
the diffuse celestial background, or by the random
distribution of discrete sources.

The confusion limits to sensitivity depend primarily
on the size of the beam used for the observations
and cannot be reduced by longer integration times.
While these limits for a given region of sky can be re-
duced by optimizing the sky subtraction strategy or
sampling at higher spatial frequency, confusion will
set a firm boundary to the performance of a tele-
scope.

The diffuse emission from dust in the Galaxy, known
as “the infrared cirrus” (Ref. 1) is observed as fila-
ments and clouds across almost the entire sky. The
cirrus exhibits however a strong dependence on Galac-
tic latitude, and is quite patchy on the scale of de-
grees; it is thus possible to minimize confusion by cir-
rus by avoiding bright areas in JRAS 100 gm maps,
or in 21 cm maps of neutral hydrogen which correlate

well with the infrared cirrus (Ref. 2). The confusion
due to extragalactic sources is, however, relatively
uniform across the sky; we ignore variations in source
counts due to clustering of galaxies.

This paper estimates the confusion noise levels due to
cirrus and to source crowding, and compares the re-
sults to other noise sources for representative models
of various planned or proposed telescopes. All tele-
scopes discussed here are assumed to operate at the
diffraction limit at each wavelength A, with a beam
subtending Qp,,, = 1.6/\2/A, where A is the collecting
area of the primary mirror. Equivalently, the effec-
tive beam diameter is d = 1.6A/D, where D is the
diameter of the primary.

2. CONFUSION BY CIRRUS

The measurement of the brightness of a source in-
volves subtracting the sky background derived from
a judiciously chosen reference field. Since the sky is
not uniform, the measurement will include a noise
component due to difference in the brightness of the
sky (smoothed by the telescope beam) between the
source and reference positions. The magnitude of
the noise associated with cirrus confusion depends
on the beam size and configuration used for back-
ground subtraction, and on the amount of structure
in the cirrus at the spatial frequencies corresponding
to the beam size. Gautier et al. (Ref. 3) used IRAS
data at 100 pm to compute the power spectrum P of
the spatial fluctuations of cirrus emission as a func-
tion of angular frequency r, for angles between 4’ and
400’. They found the data could be well fit by

P = Py(r/ro)* (1)

with o ~ —3 in four different clouds. P, scales
roughly as the cube of the average surface bright-
ness By of the cirrus cloud, measured on ~ 1° scale.
Gautier et al.  then estimated the statistical er-
rors expected in photometric measurements against a
background characterized by a power spectrum of the
formin Eq. 1, and assuming either two symmetrically-
placed reference apertures or a reference annulus for
background subtraction. They found

oeir = Bo(d/do) = $ P, (2)

where d is the beam diameter, and dp is the angle
at which Py is evaluated. Ej is a function of «, the
background subtraction strategy, the beam size, and
the distance to reference points (with the last two
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angles scaled to A/D). For telescopes operating at
the diffraction limit at 100 pm, and for o in Jy
and Bp in Jy sr~1, the following approximation can
be derived from the Gautier et al. results:

A 2.5
Oeir =~ 2.65E, (B) BL®. 3)

In what follows, we adopt a rather efficient scheme
for background subtraction, where the reference aper-
ture is an annulus with a width 1.6A/D (i.e. equal
to d) and a radius twice as large, resulting in Eq =
1.15 10~3 for our choice of ;. We then extend
the use of Eq. 3 to all wavelengths using the cir-
rus brightness spectrum Bo()) of Désert et al (Ref.
:11), which falls off roughly like A=3-2 beyond 600 ym.

he assumptions underlying this extrapolation are
(1) that the power-law scaling in Eq. 1 applies down
to ascale of a few arcseconds, (2) that the exponent o
in Eq. 1 remains near —3 for wavelengths other than
100 pm, and (3) that the empirical relation of Py
scaling like B3 also holds at wavelengths other than
100 pm. Given these assumptions, cirrus confusion
noise expressed as a flux density per beam scales with
telescope diameter as D~2° at constant A. At con-
stant D, it rises with increasing A very steeply (due
to the sharp rise of the thermal emission from large,
cold grains at short wavelengths), flattens out, then
drops again beyond 300 pm, scaling roughly like A2
at 1 mm.

3. CONFUSION BY GALAXIES

Photometry in the presence of a population of dis-
crete sources can be hampered either by the collec-
tive effect of fainter sources which contribute stochas-
tically to the brightness of each resolution element on
the sky, or by the presence of an identifiable bright
source close to the object of interest. The faint source
confusion limit is set by comparing the desired pho-
tometric uncertainty with the noise resulting from
uneven crowding of faint sources. The bright source
confusion limit is determined by comparing the de-
sired completeness of a survey with the frequency
with which sources in the survey are expected to
overlap to the point where photometric information
is lost.

We introduce the counts of extragalactic sources as
a function of flux density f, and of A in §3.1, then
describe the algorithms used to compute the source
confusion noise due to faint and bright sources in §3.2
and 3.3. Results are presented in § 4 as a function of
wavelength and telescope size.

3.1. Source Counts

Source counts are estimated by modeling an extra-
galactic source population characterized by a lumi-
nosity function, and by a spectral distribution of the
emission from each source. The effects of evolution
are discussed below. The sources are taken to have a
volume density distribution given by an analytic fit
to the luminosity function of Soifer et al. (Ref. 5):

For Lgai > 1010‘4[@,

log(pgat) = —4.38 — 2.31 x log(Lga1/10"' Lg), (4a)

and for Lya < 101%4Lg,

log(pgat) = —2.08 = 0.65 x log(Lga1/10°Le), (4b)

where Lgq is the bolometric galaxy luminosity, and
pgat is the volume density in Mpc~3 mag=!. A fac-
tor of 0.87 has been applied to Eq. 4 to make the
integrated number of galaxies at 0.4 Jy and 60 pm
be exactly 0.5 galaxy per deg? to match the source
density of galaxies in the IRAS Point Source Catalog
(e.g- Ref. 6). The luminosity function is modeled
for Lgg in the range 10°Lg to 10'3Lg, and is set to
zero elsewhere.

The spectral energy distribution of each source is a
function of its luminosity only, and consists of combi-
nations of 4 thermal components representing cirrus
and “starburst” emission, and of a power law com-
ponent for active nuclei. The parameters defining
the components and their combinations were chosen
to fit the JRAS color-color diagrams (e.g. Ref. 7).
Galaxies less luminous than 10'°Lg have cirrus-like
emission only, with 75% of their luminosity appear-
ing as a 30 K blackbody modified by an emissivity
proportional to »!-5, and the remaining 256% appear-
ing as a 300 K blackbody.

For sources with 10'°Lg < Lga < 8 10'2Lg, the lu-
minosity in excess of 101°L, appears as cold and hot
starburst components with blackbody spectra car-
rying 70% and 30% respectively of the excess term
Ly = Lgar —10'°L, and with temperatures given by
(Ls3/10' L)% 160K and (L,3/10*Lg)% 175K re-
spectively. Finally, luminosity in excess of 8 10'%L
appears as a power-law component with a spectral
shape given by f, oc v=93,

The flux density of a galaxy as seen from the Earth at
a frequency v depends on the luminosity and spectral
energy distribution of the galaxy as well as on the
assumed cosmology:

2
A =se)xa+a(FH) 0

where S, (v, = ¥(142)) is the flux density that would
be observed from the galaxy at a cosmologically in-
significant distance, dr.y. The multiplicative factor
of (14+2) accounts for the decreased bandwidth of
the observed, as compared to the emitted, radiation.
The distance to the galaxy and remaining cosmologi-
cal effects are given by the luminosity distance, djym,
which is defined as

dium = ﬁ%z[qoz + (90 — )(v2g0z + 1 = 1)]. (6)

The limiting redshift, zmas, to which a galaxy of lu-
minosity L can be detected at flux densities greater
than f, at frequency v is determined by the implicit
solution of Eq. 5 after substitution of Eq. 6.

The surface density of galaxies at a given flux density
limit is determined by evaluating the total number
of galaxies in each luminosity range out to the lim-
iting redshift zma;(L), and integrating over all lu-
minosities. The number of observable sources in a
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given volume is a complicated function of distance
and cosmology (Eq. 15.3.27 in Ref. 8),

Ngar = 4nHo g0 [i° dL f7m=P)(1 4 2)~¢

x(1+ 290z) ™/ g0 + (g0 — 1)(v/2q02’ + 1 - 1)]*
xp(z',L) dz’, (M)

where the volume density of galaxies is based on the
local luminosity function p(0, L) as in Eq. 4,

p(z,L) = p(0, L)(1 + z)3+1 (8)

and the v in the exponent allows for density evo-
lution. Finally, the surface density is obtained by
dividing the total number of galaxies by 4 sr.

Fig. 1 shows the estimated cumulative source den-
sities N(f,,v) at two wavelengths, and for two de-
grees of density evolution, ¥ =0 and 2, assuming
¢o = 0.5 and Hg = 100 km s~! Mpc~!. The effect
of the Hubble expansion is evident in the turn-over
of the cosmological (relative to Euclidean) source
counts at flux densities below the 1 mJy level. In
addition, the source counts are affected by the K-
correction, which accounts for the dependence of the
observed spectral shape on the redshift of the emit-
ting galaxy. At wavelengths shorter than 100 pm the
K-correction shifts the extremely weak mid-infrared
emission of galaxies into the observing band, thus
causing the source counts to fall steeply relative to
the Euclidean slope. Longward of 300 pm (on the
Rayleigh-Jeans wing of the spectrum), and up to
redshifts 25(A/150um—1), the K-correction has the
opposite effect, making galaxies easier to detect at
greater distances, and enhancing the source counts
at a few mly.

The effect of density evolution with v = 2 is to dou-
ble the source counts at the 1 mJy level. The net
result at 300 pm is a dramatic enhancement of the
cosmological galaxy density relative to the Euclidean
case, then a rapid fall-off at f, < 1mJy.

3.2.Estimation of Faint Source Confusion

The source counts N(f,,v) can be turned into a faint
source confusion noise estimate once two simplifying
assumptions have been adopted. First, let all sources
be unresolved, and approximate the beam shape by
a pill-box function. We can then write the number of
sources fainter than f, and falling within one beam
as Qym N(f,,v), and the rms fluctuations in the in-
tegrated flux from all these sources as

o V()
_ 2
g5 = =0 [ P

The second assumption is that the source counts
can be approximated over the range of flux densities
that contributes significantly to the above integral
by a power law function of the flux density, namely
N(fy,v) = K f2. This simplifies Eq. 9 to

. (9)

Geoms () = [ﬁ—ammzv(fy)] Lo

Thus to achieve a fractional photometric accuracy of
D, Oconys(f,) must be less than pf,. The faint source
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confusion limit is therefore given by the root f, cony
of the equation:

1
2

[ —2 Qme(fu)] =p. 1) -

2+a

The resulting limiting noise o.ony = pfy cony can be
meaningfully combined with other noise figures such
as detector noise. This statement is based on a com-
parison of the present formalism with a numerical
simulation of the effects of confusion on photometry
carried out by George Rieke (Ref. 9, 10).

In our implementation we set p = %, correspond-

ing to 20% limiting photometry, and searched the
source count curves numerically for roots of Eq. 11
starting at large values of f,. In all cases the source
counts were sufficiently well behaved that roots could
be found. For —3/2 < a < —1, those roots corre-
spond to inverse source densities of 75 to 25 beams
per source.
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Fig. 1. Cumulative source counts as a function of
fluz density for 150 pm (upper frame) and 300 pm
(lower frame) from our model calculations detailed
1 §3.1. The dashed curves assume densily evolulion
with an ezponent v = 2 (Eq. 8), and the thin line
provides comparison with the counts ezpected in a
Euclidean universe.

© European Space Agency ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1990LIACo..29..117H&amp;db_key=AST

FTI99DLITACO . Z29- “IT7H

120

Since we have assumed that the beam size is given
by Qm = 1.6A2/A, the confusion noise is an ex-
plicit function of wavelength and of telescope aper-
ture only. The estimates of faint source confusion
noise are presented below in §4.3.

3.3.Estimation of Bright Source Confusion

The bright source confusion limit depends on the
smallest tolerable distance to bright neighbor-
ing sources, expressed as the exclusion solid angle,
Q.. and on the highest tolerable frequency of such
neighbors, expressed as an incompleteness fraction,
I. This confusion limit sets in when Q.. N(f,) = I.
A reasonable assumption is that sources no closer to
each other than the radius of the first dark ring in the
beam pattern can be readily separated, and therefore
do not affect the photometry substantially; this cor-
responds to Qer = 3.55A2/A. On the other hand,
a completeness of 90% at the lowest flux levels is a
reasonable expectation, leading to I = 0.1. Combin-
ing these parameters, we find that the bright source
confusion limit sets in at an inverse source density of
about 22 beams per source (for a beam solid angle

given by Qp,, = 1.6A%/4).

Using this inverse source density and the source
counts, one can derive the flux density f, conr at
which the faintest sources may be extracted without
violating the 90% completeness requirement. Unfor-
tunately, this flux density cannot be translated di-
rectly into a noise figure, except by assuming that
no sources can be extracted below the p~lo level,
and defining ad hoc oconF = Pfu,CONF- This last
quantity cannot however be combined quadratically
with other noise figures, and the overall confusion
limit is simply the larger of the faint or bright con-
fusion limits.

Although the faint and the bright source confusion
limits tend to be defined in somewhat different cir-
cumstances, namely in the study of individual sources
for the first, and in surveys for the second, the rel-
ative importance of the two can still be assessed
in a generic sense. For the assumptions adopted
above, we find [QmN(fy,conr)]™! =~ 22, whereas
[Qme(fu,conf)]—l > 25 for a < —1. Faint source
confusion therefore dominates as long as N(f,) rises
more steeply than f;"! with decreasing f,. As may
be seen from Fig. 1, this remains the case in our
source counts down to f, < 0.1 mJy. Virtually all the
limiting levels shown here are derived in this regime,
and therefore include only faint source confusion. No
confusion estimates are shown below the 0.1 mlJy
levels because the source counts become quite un-
certain there; were such estimates to be attempted
however, they would definitely have to include the
bright source confusion limits.

4. RESULTS AND DISCUSSION

The faint source confusion limit in the absence of any
other source of noise is shown in Fig. 2 as a func-
tion of wavelength, and is expressed as the equivalent
1o noise figure in mJy per beam. Curves based on
source counts assuming no evolution are plotted as
solid lines for five apertures from 0.5 to 8 meters in
diameter. The effects of cosmological evolution are
illustrated by the confusion limits for 0.5 meter and
4 meter apertures (dashed lines) derived from source
counts using a density evolution exponent y=2 (§3.1

above). Clearly, evolution does little to affect the
results for small apertures longward of 100 pm, be-
cause the confusing sources are at low redshifts. For
a 4 meter aperture however, evolution roughly dou-
bles the confusion limit, since it increases the source
counts. The most direct estimates of v now avail-
able, derived from detailed studies of IRAS source
counts (Ref. 11), point to values in the range 0 to
4 as a conservative choice, if luminosity evolution is
not included. The results with ¥ = 0 may thus be
regarded as lower limits, but otherwise unlikely to
be accurate to better than a factor of two, given the
assumptions and extrapolations involved.

The dependence of galaxy confusion on D and ] is
sufficiently complex that it cannot be expressed in
an analytic form to parallel Eq. 3 above. On a flux
density scale, the faint source confusion noise rises
steeply as the wavelength increases towards 100 pm,
then turns over and falls slowly, roughly as A=%3,
For A greater than the turnover value, the confusion
noise is roughly inversely proportional to the aper-
ture diameter D, or equivalently o, 5 o Q25 at con-
stant A. This scaling becomes at least three times
steeper at the shorter wavelengths. The turn-over
wavelength itself increases as D increases, following

roughly Ac i DY/3.

As may be expected from the visibility function, the
observed source density in our simulations is dom-
inated by galaxies at the break in the luminosity
function at L},; = 10'®4Lg. Moreover, the emission

spectrum of these galaxies is constant in their rest-
frame since no luminosity evolution is included. A.,;;
must therefore correspond to the turn-over wave-

length of the emission spectrum of L7 ,; galaxies shift-

ed by the typical redshift of the confusing galaxies.
Thus the doubling of A.,;; as the aperture goes from
0.5 to 4m suggests that the typical confusing source
at D = 4m1s at z ~ 1.2, scaling from z ~ 0.1 for
D = 0.5m.

T T T T T T T
——— No evolution

Tr———pa(1+z2 .

Fig. 2. The estimated noise due only to faint source
confusion (§3.2) as a function of wavelength. Each
curve is labeled by the aperture diameter D of the
telescope, and all observations are assumed to be made
with a detection element with an angular diameter
1.6A/D. The dashed curves have the same meaning
as in Fig. 1. Ripples on curves are due to numerical
approzimalions. See §4 for more details.
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At constant aperture D, significant gains can be made
against all sources of confusion by sampling at greater
spatial frequencies, as opposed to the assumption
here that observations are made through an aper-
ture Q4,, = 1.6A%/D. Faint source confusion would
be reduced because of the smaller effective number of
sources per detection element. The decrease in bright
source confusion arises from the increased ability to
deconvolve close neighbors. The achievable improve-
ment probably peaks near a factor of three in gcony
since diffraction will always couple the information in
neighboring elements; increasingly finer spatial sam-
pling eventually renders our formalism inapplicable.
The Multiband Imaging Photometer for SIRTF has
opted for over-sampling in the spatial domain specif-
ically to fight confusion at A > 100 pm.

5. COMPARISON OF NOISE SOURCES

Fig. 3 shows estimates for three noise sources for a 1
meter cryogenic telescope, similar in design to ESA’s
Infrared Space Observatory éISO) or NASA’s Space
Infrared Telescope Facility (SIRTF). Such an instru-
ment has its optics cooled by liquid Helium to avoid
thermal background noise, and uses state-of-the-art
detectors in the focal plane, thus achieving a sensi-
tivity limited only by the celestial backgrounds. The
cryogenic design of such telescopes limits their sizes
to about one meter, thus leaving them susceptible
to confusion noise. The solid lines in Fig. 3 show
the faint source confusion noise. The dashed lines
show the cirrus confusion noise expected in an area of
the sky with a mean brightness of By(100pm) = 1.3
My sr=1. About 10% of the sky may be expected
to be fainter than this level, based on the statistics
in Boulanger and Pérault (Ref. 2). The dotted lines
represent the remaining noise sources after 1000 sec-
onds of integration, arising from a combination of
detector and photon noise (both telescope and celes-
tial backgrounds), assuming the proposed SIRTF

| T T 1 ! !
--------- telescope and detectors

" ——-dim cirrus
| — galaxies

1
16 2 24 28
Log A (um)

Fig. 3. Comparison of estimated levels of noise (af-
ter 1000 seconds of integration) from three different
sources for a one-meter cryogenic telescope, operat-
ing with a beam diameler of either 1.6A/D (curves
labeled A), or A/D (curves labeled B). The dotted
curves include photon noise from the telescope emis-
sion as well as celestial backgrounds. See §5 for more
details.
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complement of detectors: For A < 200pm, photo-
conductors with an efficiency of 0.15, a dark current
of 1.8(A/1pm)!-2e~s~!, and a read current of 40e™;
and for A > 200um, bolometers with an efficiency
of 0.5, and a noise-equivalent power of 5 10~ W
Hz~'/2. The thermal background from the optics
is modelled as a 5 K greybody with 50% emissivity,
and the observations are assumed to use a bandwidth
AX = A/3. Two sets of curves are given, one labeled
A assuming Q4,, = 1.6A2/A, and the other labeled
B assuming smaller detection elements with Q}, =
0.64A%/A, corresponding to d’ = A/D. As expected,
the enhanced spatial sampling achieves a threefold
improvement in cirrus confusion noise, and cuts in
half the galaxy confusion noise.

It can immediately be seen that cryogenic apertures
of one meter or less will be severely confusion lim-
ited longward of 200 pm, with faint sources becom-
ing more important than cirrus in about 10% of the
sky, and vice versa elsewhere. Because of the steep-
ness of the confusion curves around 100 ym, the pre-
cise cross-over wavelength at which confusion rises to
dominance will depend sensitively on the parameters
of instrumental configuration and of the astrophysics
which enter the modeling.

Fig. 4 addresses a four-meter aperture, passively
cooled in space, similar in concept to missions like
ESA’s Far Infrared and Submm Telescope (FIRST),
or NASA’s Sub-Millimeter Imaging and Line Survey
(SMILS). With an assumed temperature of 150 K,
an emissivity of 20%, and an observing bandwidth
AX = A/3, the thermal background from the optics
completely determines the photometric performance
of such a telescope, for bolometers with an intrinsic
noise equivalent power of 2 10-1 W Hz~1/2, and an
efficiency of 80%. Even at its maximum, faint source
confusion will not be a problem for integrations last-
ing less than an hour. The dashed line in Fig. 4

T T T T I T I

~~~~~~~~~~~ telescope and detectors
= 1 ———- bright cirrus |
E galaxies -
% 0 | e
8
b L
54 / /
i Al //

/
1 ! | 1 | L L
1.6 2 24 28

LogA (um)

Fig. 4. Comparison of estimated levels of noise (af-
ter 1000 seconds of integration) from three different
sources for a four-meter passively cooled telescope
in Earth orbit, operaling with a beam diameter of
1.6A/D. The dotted curve is dominated by pholon
noise due to thermal emission from the telescope. See
§5 for more details.
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shows the expected cirrus confusion noise in an area
with Bg(100pm)=4.5 MJy sr~!, which is the mean
brightness of the sky at a Galactic latitude near 30°.
Cirrus confusion and faint source confusion peak at
different wavelengths for a 4-meter aperture. Be-
cause the first of the two decreases faster with in-
creasing aperture diameter, they are comparable in
flux density in relatively bright cirrus, as opposed to
the 1-meter aperture case (Fig. 3).

Thus confusion by extragalactic sources will enter
the picture for a 4 meter or larger aperture only for
long integration times (more than an hour). Though
peaking at a different wavelength, it will surpass cir-
rus confusion in magnitude over only half the sky.

6. SUMMARY AND CONCLUSIONS

We have modeled the emission from galaxies to es-
timate extragalactic source counts at infrared and
submm wavelengths, and derived the associated con-
fusion limits for photometric observations using tele-
scopes of various sizes. The limits due solely to
this type of confusion amount to $10 mJy for A >
150pum for a 0.5 meter aperture, and <1 mly for
A > 300pm for a 4 meter aperture, assuming a de-
tection element of solid angle Qi = 1.6A%2/A4. At
wavelengths shorter than those turn-over values, con-
fusion drops off quickly, and at longer wavelengths
it varies roughly like A~%5. Including cosmological
density evolution in modeling the galaxy population
will not affect the results for the 0.5 meter telescope,
but will double the noise estimate for the 4 meter
aperture. Sampling the sky at finer spatial resolu-
tion than Q;,, above could easily cut the confusion
noise in half.

We have extended the work at 100 pm by Gautier
et al. (Ref. 3) to estimate confusion by cirrus at all
wavelengths, and find the following approximation:

Gir o3 A\ 2.5 D -25 By 15
ImJy = 7 \ (100um im 1MJysr~1
(12)

where By is the local mean brightness of cirrus.

In comparing the confusion estimates to models of
typical space-borne telescopes proposed for the far
infrared and submm, we find that cirrus confusion
would outweigh extragalactic source crowding over
90% of the sky for a 1 meter aperture. Cryogenic
telescopes in the one meter class would be dominated
by confusion at A 2 100pm for integration times
longer than a few minutes (assuming sufficiently sen-
sitive detectors). The majority of confusing sources
would reside at redshifts between 0.1 and 0.2.

A four-meter passively cooled aperture however would
not reach the sensitivity limits which expose it to
confusion by galaxies until at least an hour of in-
tegration. The confusing sources would typically re-
side at redshifts between 1 and 3/2. For a four-meter
aperture, cirrus is less significant than galaxies as a
source of confusion over half the sky.

The above estimates are based on rather daring ex-
trapolations from IRAS data; much more data are
needed, especially at A > 100pum, to improve the
assumptions and the estimates. While cirrus and
galaxies were viewed here as “noise”, they figure as
“signal” in the study of Galactic structure and cos-

mology. The fact that cryogenic telescopes are lim-
ited by confusion after short integration times im-
plies that these will be powerful instruments in the
study of cirrus and of extragalactic sources.

It should also be stressed that the typical redshift of
confusing sources is by no means the largest redshift
that an instrument can usefully probe: The IRAS
bright galaxy sample of Soifer et al. (Ref. 5), com-
plete for f,(60pum) > 5.24Jy, has a median redshift
of 0.008, yet more than 10% of its sources are at
redshifts greater than 0.025.
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Discussion - Paper II.11.

Q - D.B. SANDERS : Do you have an estimate of at
what redshift the galaxies lie where galaxy

confusion sets in ?

A - G. HELOU : The bulk of the confusion is
contributed by galaxies at L  in the luminosity
function. For a 4 meter telescope, these are at a
redshift of 1 or so. It is important to remember
however that the telescope could still detect
galaxies at redshifts higher than 1, even though

it is confused by galaxies at z = 1.

Q - C. MASSON : Did you allow for clustering of

galaxies in your calculations ?

A - G. HELOU : No, we have assumed the galaxy
population to be uniformly distributed on the sky.

C - R. HILLS : The good news about the confusion
is that one is going to find lots of objects by
searching a modest number of beam areas. The
problem is whether or not they will be interesting

objects.
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