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Abstract. We investigate the characteristics of FIR brightneds Introduction

fluctuations at 9@m and 17Q:m in the Lockman Hole, : .
which were surveyed with ISOPHOT aboard the Infrar IH order to understand the history of galaxy formation and evo-
jg}ion, surveys at far-infrared (FIR) and submillimeter wave-

Space Observatory (ISO). We first calculated the angu ngths are essentially important, since a large portion of star
correlation function of each field and then its Fouriertransforﬁ gths ssentially Imp ’ large p
mation activity in the universe may be hidden by dust, pro-

(the angular Power Spectral Density: PSD) over the spatlg](a?l!)

_ - i1
I(r)eg:?;tchyerr&?‘?ziZ?{ o;v gb0a5ti ;I ?rfg:;; c.i;‘-:jtf (F)) fgrsciriii()ll;nd extinction. The recent detection of the far-infrared Cosmic In-
slowly decreasing toward higher frequencies. These spectraf5 (raed Background (.C IB) radiation by CO.BE’ V\.’h".:h appears'to
unlike the power-law ones seen in the IR cirrus fluctuationgave comparable brightness to the total intensity in deep optical

and are well explained by randomly distributed point source(;s('?untS from the Hubble deep field (Fixen etlal. 1998; Hauser

Furthermore, point-to-point comparison betweery,80 and et al.[1998; Lagache et al. 2000), indicates that the infrared-

170um brightness shows a linear correlation between theﬁ{ight galaxies are responsible for roughly half of the energy

and the slope of the linear fit is much shallower than thg?eased by nucleosynthesis. Various discrete source surveys are

expected from the IR cirrus color, and is consistent with tl?agzgtﬁzmgo?uerigadpréorgorr'g;n;girﬁg tgws;sborztllsrgslteertv;?ve-

I f galaxi I hi 1). Wi o
color of galaxies at low or moderate redshift € 1). We 150 Ajieri ot al 1998; Elbaz et &1, 1999), at 170 (Kawara
conclude that the brightness fluctuations in the Lockman Hdi al[ 1998 (paper 1) Puget et al.1999), and at @&0(Blain
are not cause_d by the_ IR cirrus, bu_t are most Ilke_ly due § al.l 1999) have beén reported. Using t;oth CIB and these new
faint star-forming galaxies. We also give the constraints on tnumber count data, modeling of the cosmic star formation his-
galaxy number counts down to 35 mJy at/88 and 60 mJy ' . :
at 170um, which indicate the existence of a strong evolutio?Lr(!)QrgE,r_1 aDs\:Nzieert]a?ttlegrgngt-elgo\?vér:n;%iI?E;r:]olr;g(ge- L_I'_'gr?(rgg?' 1?;93'5
to these fl in th ts. The galaxi RN e el '
?own O these TIUXes in e counts € galaxies responsntgﬁ" et al.[1999). All of them require a strong evolution in the
or the fluctuations also significantly contribute to the cosmlsctar formation rate as we look back to high redshift (more than
infrared background radiation. 10 times larger at ~ 1) 9
Although the FIR deep survey is how considered a key ob-
COSmO?_erving method for the exploration of the “optically dark side”
of the star formation history of galaxies (Guiderdoni etal. 1997),
)t(he detectivity of 1m-class space FIR telescopes is likely to be
limited by the noise due to the fluctuation of the IR cirrus (Low
_ _ _ et al.[1984), emission from the interstellar dust, even at high
Send offprint requeststo: maruma@astro.isas.ac.jp Galactic latitude (Helou & Beichman 1990). Hence a detailed
Based on observations with ISO, an ESA project with instrumendg dy of the IR cirrus fluctuations is highly important, especially
funded by ESA member states (especially the Pl countries: Frange. ihe planning of the deep surveys intended with forthcoming
Germany, the Netherlands, and the United Kingdom) and with tW'Is space telescopes such as ASTRO-F(IRIS) (Murakamil1998)
participation of ISAS and NASA. o . d SIRTF (Fanson et a1, 1998)
** The ISOPHOT data presented in this paper was reduced using Pq}:\] The spatial structure (')f the Ié Girrus at 100 as measured

which is a joint development by ESA Astrophysics Division and the . i .
ISOPHOT consortium. by IRAS was extensively studied by Gautier et al. (1992) and

iting optical and near-infrared studies due to the enormous
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Abergel et al.[(1996). From a Fourier analysis of the brightness As was done in Paper I, the observed fluxes as well as the
distribution, Gautier et al. found that the Power Spectral Denshyightness of the images are scaled based on the fluxes of the
(PSD) of the brightness fluctuation at 1@ follows a power- brightest source F10507+5723 (UGC 06009) measured with
law function of the spatial frequency with an index of about BRAS. We found that the flux calibration based onthe FCS1 mea-
below the spatial frequency corresponding to the IRAS beaurements underestimates thg@0flux of the IRAS source by
size (abou.25 arcmin~'). They also found that the PSD is pro-a factor of 2.6, although it gives the mean brightness of the im-
portionaltoBg, whereB, is the mean brightness of the IR cirrusages consistent with the COBE/DIRBE brightness within 25
The ISOPHOT (Lemke et &al. 1996) onboard the 1ISO (Kesslger cent. The 17@m flux of the IRAS source is assumed to be
et all1996) is capable of observing the IR cirrus at wavelengtht33 mJy as described in Paper I. The flux calibration based
longer than 10Q:m, with a better spatial resolution than that 0bn the FCS1 measurements again underestimates themi70
IRAS. Herbstmeier et al. (1998) analyzed the spatial charactiux by a factor of 1.5. For the 17@m flux, we found that the
istics of four fields measured by ISOPHOT, and obtained simildiscrepancy is mostly due to an underestimate of the effective
power-law spectra for relatively bright cirrus regions. RecentBolid angle of the ISOPHOT detector. Puget etlal. (1999) and
Lagache & Puget (2000) have made a power spectrum analysigache & Puget(2000) used an effective solid angle ajh70
of the 170um image of the Marano 1 field, and found a signifderived from Saturn footprint measurements, which is signifi-
icant excess af = 0.25-0.6 arcmin !, which they attributed cantly larger than that used in the PIA. Here we assume theoreti-
to the fluctuations due to unresolved extra-galactic sources.cal PSFs of a telescope with a 60 cm primary mirror and a 20 cm
In this paper we investigate the characteristics of FIR briglgecondary mirror which agree well with those measured during
ness fluctuations in the Lockman Hole, a region with a uniquelye ISOPHOT calibration observationsiiier2000). With this
low HI column density (Lockman et al. 1986), and thus minimassumption, the factors of 2.6 (8éh) and 1.5 (17@m) discrep-
IR cirrus contribution to the fluctuations. Therefore the fluctua@ncies reduce to factors of 2.0 (9th) and 1.2 (17@m). The
tions in the Lockman Hole are likely to be dominated by faingrigin of the residual discrepancies is still unknown. However,
distant galaxies (Helou & Beichman _1990; Herbstmeier et #his is not problematic for the main results and conclusions of
1998) and the fluctuation analysis of FIR images will providihis paper as described in Sects. 4 and 5 as long as the fluxes of
unigue information on the number counts of infrared galaxi®€10507+5723 determined by the IRAS faint source survey are
even below the source-confusion limit, thus constraining tlcerrect.
parameters characterizing the number count models. Fig.d shows the images of LHEX and LHNW used for the
This paper is organized as follows: Sect. 2 briefly describ#sctuation analysis, each of which is the largest square area
the observations and data processing. Sect. 3 explains the paxénacted from the mosaiced map (see Fig. 3 of Paper I) made
spectrum analysis and examines the contribution by the IR ciruys from four sub-field AAP maps. Each image is rebinned into
fluctuations and also describes a simulation of the images a3 x 103 pixels’ (C_90), 53 x 53 pixels® (C_160 LHEX), or
the PSDs. Sect. 4 describes the constraints on the galaxy nunibex 51 pixels’ (C_160 LHNW). The plate scale &3" /pixel
counts. The nature of the sources responsible for the fluctuatifms90 um maps, and6” /pixel for 170m maps.
is discussed in Sect. 5, and Sect. 6 gives the conclusions.

3. The power spectra and the simulation

For each image shown in FIg. 1 the 2-dimensional angular cor-

relation functionC'(z,y) was calculated from the brightness

The FIR survey of the Lockman Hole, which was executed gistribution B(zo, yo):

a part of Japan/UH cosmology program using the ISAS guas- . 5 A

anteed time, is described in Taniguchi et[al. {1994) and pape?rfl(.x’ y) =< (B(@o,yo) = B)(B(o + 2,50 +y) = B) > (1)

Two 44" x 44 fields named LHEX and LHNW were mappedvhere bracket > represents the average over the whole area

with two filters: C90 (centered at 90m) and C160 (170um). in each image shown in Figl 1, ad®l=< B >. Then, the co-

Each of the two fields is made up of 4 sub-fields. ordinates were expressed in polar coordinate§'@s6), and
Each sub-field map was produced from the edited raw dalt@ Fourier transforms in various radial directions were calcu-

by the PHT Interactive Analysis (PIA; Gabriel et[al. 1997) velated {.e. § is fixed for each transform). One-dimensional power

sion 7.1 or 7.2, and is hereafter referred to as an AAP (Aspectral density (PSOY(f) is calculated from

tronomical Analysis Processing of PIA) map. Each AAP map N1

is either58 x 58 pixels 23" /pixel) for a 90pm sub-field, or 2

31 x 31 pixels (6" /pixel) for/a 170um sub-field. To correct the ) =x Y Creos(2rfry), (2)

drift in the responsivity of the detectors, we applied the median h=0

filter smoothing (see Paper | for details) to the AAP data.  where f is spatial frequencyl(/(Nrpix) < f < 1/(2rpix)),
Together with the final AAP maps we also produced the, = rpick (k = 0,1,---, N — 1), rpiy is the pixel size of the

uncertainty maps, and found that the typicali®ise is as low map,Nr, is the largest angular size for which the angular cor-

as 0.012MJy/sr (0.60mJy/pixel ford"” x 46" pixel), indicating relation function is evaluated, ar@, = C(r = r, 6). Note

that the instrumental noise is negligible in the following resultthat the units of the PSDs are the same as that of the angular

2. Observation and data processing
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LHKXNDO LHKEKEX®6O0

Fig. 1. The left column shows 90m images of
LHEX (top) and LHNW (bottom). Each image is
39'.5 x 39'.5 wide (23" /pixel). The right column
shows 17Qum images 46" /pixel). The LHEX im-
age is40’.6 x 40'.6 wide, while the LHNW one is

1 2 -0 .. 0 O .51 . O;@’.l x 39']L wide. The brightness shown in each
image is offset from its median brightness. Each im-

ABV( 9 I-ﬁn ) [ M J ABV( 1 TJ.I’ﬂ ) [ M J yglgggrmgﬁeof four2’ x 22" sub-fields. Roughly

ft and the west is top.

correlation functionJy? /sr2. Finally, the PSDs were averagednains significant contribution from randomly distributed point
with respect t@ and are shown in Fiff] 2. Itis noteworthy that theources with fluxes below,,, ..
fluctuations at high frequencieg ¢ 0.8 arcmirr! for 90um, In Fig.[2 typical IR cirrus PSDs are also compared in order to
and f > 0.4 arcminm! for 170um) are smoothed by the in-check the contribution of the IR cirrus to the PSDs of the Lock-
strumental beam and therefore the PSDs decrease appreciaiwyn Hol&. We examined several IRAS 1@@n maps of high-
The small error bars of PSDs represent the standard deviatimtiitude clouds in Ursa Major (= 145°, b = 40°), which are
among a set of the PSDs with differéhshowing that the PSDs reproduced fromthe IRAS Sky Survey Atlas (ISSA) by reducing
are almost independent 6f the brightness by a factor of 0.72, following the COBE/DIRBE
In order to check the contributions from bright sources, thealibration (Wheelock et al.”1994). The average brightness of
PSDs are derived by masking circular regions witbk&¥HM  the cirrus is 2—3 MJy/sr, and each mapl&)’ x 150’ wide
diameter around bright sources with fluxes abSyg.: Smax = Wwith 1'.5/pixel. The derived PSDs show a power-law distri-
250 mJy at 17Qmﬂ, Smax = 150 mJy at 9Qum. In the follow- bution with an index of -1.5. Gautier et al. (1992) noted that
ing the resultant PSDs are called “residual PSDs”, and are ats@-dimensional analysis of the IR cirrus yielded spectral in-
shown in Figl2. Interestingly, the residual PSD for each imagéces near -2. These cirrus fluctuation spectra are much differ-
is more than half of the PSD of corresponding original image
with almost the same spectral shape, indicating that there ré- The formulaforthe IR cirrus PSD by Gautier etal. (1992) cannot be
directly compared with the present work, because the power spectrum
1 Asfor 170pmimages, smaller values Sf..y significantly reduce analysis presented here is one-dimensional one while the formula of
the amount of residual images. Gautier et al. is based on the two-dimensional analysis.
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et 1 atomic hydrogen column density 6fx 10' atoms cm =2 in
) Ursa Major Cirrus 90 MICRON _| LHEX (Jahoda et al. 1990) and the COBE/DIRBE data analysis
1 6 'HIRAS 100 MICRON) 3 inthe Lockman Hole by Lagache et al. (1999, in their Table 4).
O LHEX We can conclude that the IR cirrus contribution to the PSDs
® LuNw | in the Lockman Hole is negligible over all spatial frequencies
f>0.05.

In the following we interpret the residual PSDs in terms
of unresolved point sources, probably galaxies. We neglect the
spatial correlation between galaxies, thus assuming that galax-

S 1 ies are randomly distributed in the images. Then the residual
,},:) B | PSD will be the product of the footprint power spectrum of the
= 10 E Lockman Hole -3 1 ISOPHOT detector and the fluctuation power due to the point
E Cirrus Contribution x 10 %Fﬁg—og 2 sources, which is a white power spectrum given by:
~ H LS - | Smax N
R " 170 MICRON | Peouree = / - S gds &)
L810° : Smin
§ S © LHEX 1 wheredN/ds is differential source counts. From the residual
§ - ® | HNW | PSDs observed, we derive,,.cc = 13000 & 3000 Jy?/sr at
= i T 90um (Siax = 150mJy) andPsource = 12000 42000 Jy? /st
18 F o < at 170um (Smax = 250mJy), where the errors do not in-
E e 1 clude systematic ones due to uncertainties in the flux cali-
i Lockman Hole 1 bration. Lagache & Puget (2000) reported the detection of
Cirrus Contribution ﬁ@z* 1 Piource = 7400 Jy? /st at 170um for the Marano 1 field, af-
=00= ter sources brighter than 100 mJy are removed. Contribution

[
[«
T

] from detected sources with fluxes between 100 mJy and 250
- ‘(‘)“ 5 1‘ e 5 ‘1 e ‘1 mJy is estimated to be about 70D /sr. Thus the fluctuation
' ' power in the Lockman Hole due to the sources fainter than 100
Spatial Frequency [arcmin ] mJy is~ 5000 Jy?/sr, which is comparable to that observed in
the Marano 1 field.
Fig. 2. Fluctuation power spectral densities (PSDs) of:8®(top) and A simulation was performed by making §én and 17Q:m

170um (bottom) images. Open circles represent PSDs of LHEX a'ﬂ‘ﬂlages made up only by galaxies with fluxes betwsgp,
filled circles represent PSDs of LHNW. As well as the PSDs of the Orig'ndS

S ; . _ . x and calculating their PSDs. Here galaxies are treated
inal images (Fid.11) shown by circles connected by thin-solid lines, t ma . . . )
PSDs of the residual images (“residual PSDs”"), where the pixels cla% point sources with a PSF specific to the respective wave

n- . .
taining bright sources above 150 mJy (@@), 250 mJy (17qum) are ?ength band of ISOPHOT. We L_lsed the image of the bright IRAS
masked, are also shown by circles alone. The brightest source (IR%%Jrce (F10507+5723) seen in LHEX images as the PSF. The

F10597+5723) located in LHEX significantly contributes to the Pspid/mber of sources and their flux densities are controlled by the
of the LHEX images. Thed error bars, shown only for the residualSource counts. We examined the non-evolution count model by

PSDs, represent the standard deviation in a set of the PSDs with dizkeuchi et al.[(1999) and the scenario E by Guiderdoni et al.
ferent position angles in the sky. Thick line is an example of the IR998). We assumé,,;, = 10mJy because the fluctuations
cirrus PSD, which is an average spectrum of several IR cirrus in Urgae to galaxies fainter than 10 mJy are negligible in case of
Major, with 100um brightness of 2-3 MJy/sr. Dotted lines are the IRhese models. The resulted PSDs are compared with the resid-
cirrus PSDs in the Lockman Hole, estimated by assuming that the ¢j& PSDs in FigB. These simulated PSDs are not sufficient to

. A ) .
::lijlf’uF;SclleSuzre proportional &, where L3, is mean brightness of the g, )ain the observed PSDs although the spectral shapes are quite
' similar.

. . 4. Constraints on the number counts
ent from those obtained for the Lockman Hole images atr@0

which show rather flat spectra at lower spatial frequencies. Timghis section we will investigate the source counts befgwy,,
170um spectra present a slope similar to the IR cirrus one, b fitting the simulated PSDs to the residual PSDs. In Paper | we
this can be explained by the shape of the footprint power sp@cesented the number density of sources brighter than 150 mJy
trum of ISOPHOT detectors. Moreover, the fluctuation powead both filter bands. After Paper | was published, the data pro-
are much larger than those estimated for the IR cirrus, which @essing and the source extraction technique have beenimproved,
also shown in Fid.12. We assume that the cirrus PSD is propand now we obtained source number counts dowf te 70

tional to B3 (Gautier etal. 1992), and taking the mean brightnessly at 9Qum andS = 100 mJy at 17Qum, although the counts

By ofthe IR cirrus inthe Lockman Hole as 0.33 MJy/sraj@@ atsuch low fluxes may be overestimated due to the source confu-
and 1.0 MJy/sr at 170m. These values are estimated from thgion. We found that the cumulative counts above 150 mJy show
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e |0[-1 l I .‘1 ‘ Table 1. Number count parameters
1010 b 90 MICRON¥ band  Smax Nmax uncertainty
E O LHEX 1 [Jy] [sources/sr]  in Nmax
g ® LHNW | 90um 015 14x10°  +16%,—47%
- o o 1 170um 0.25 5.4 x10*  +24%, —44%
109 F—___ i’%ﬁ E
C == - %, 0=

Lo

Y,

e, \

whereNgit = Npax (Serit/Smax) ~2°, andf3y, 31 are assumed

| akeuchi ot al. 1;;'5;\_.. ~ | toobeyinequalitie® < 8 < By < 4. Nyax and its uncertainty
No evolution e, Ty Guiderdoni et al. 1998 are listed in Tablgll. The uncertainty M., includes Poisson
10° £ N, S=-LRPE__~9 uncertainties based on the total number of sources with flux
- 1 aboveS,.x in allimages, and systematic ones originating from
-+ f =i p== the incompleteness due to the source confusion, which will be
1010 170 MICRO discussed in paper lIl. [f; < 2 < 3y, the simulated PSD is not

o LHEX sensitive td5,,,;,, and is dominated by sources with fluxes around
Serit, @s discussed in Lagache and Puget (2000). Various sets of
® | HNW parameters can be chosen so that the simulated PSDs fit to the
e residual PSDs. Examples of the simulated PSDs which fitwell to
-"'"-%‘3%% the residual PSDs are also shown in Eig. 3, for whigh= 3.0,

B1 = 1.0 for both 90um and 17Qum counts, and,,;; = 80
-. J mJy for 90um counts and...;; = 150 mJy for 170um one. We
I R S e T found that the simulated PSDs can fit the residual PSDs over

108 | all spatial frequencies withift22 per cent for the 9@¢m PSDs

Ll

T
|

Fluctuation Power [Jy2/sr?]

—
()
©

bl

sl

S e - —

L s Y . and=+17 per cent for the 170m ones. These deviations of the
0.1 1 residual PSDs from the simulated PSDs are also included as
uncertainties in the residual PSDs.

We now derive the allowed regions in plots of the cumulative
Fig. 3. The residual PSDs of 9@m (top) and 17@:m (bottom) im- counts at fluxes below,,,,x. The bottom border of the allowed
ages (open circles and filled circles, same adFig. 2) are compared wétgions is derived by examining the single power-law counts
the simulated PSDs based on various number counts models: dagisgg, = S, = 1 mJyﬁ and we obtain3;=1.8 for 90um
lines are PSDs of the simulated images by Guiderdoni el al. (19%®unts and3,=1.7 for 170um ones. In case of double power-
scenario E whiI(_e the dott_ed lines are those by Take_uchi t aI._ 19989V counts we may choose a larger valueSgfwith a set of
no-evolution. ThICk gray lines are examples of the simulated 'magﬁarameter pairsd..i, 51), and among them.;; for 8, = 0 is
pmduce.d by simple double power-law number count models (see i largest. Thus we determine the upper borders of the allowed
for details). . . .

regions by connectingS(.i¢, Nerit) points of numerous models

with 5; = 0 andgy = 2—4. The results are shown by the shaded

areain Fig_}. As for the 170m counts, the bottom border of the
quite a steep increase as the source flux decredsestwhere jjowed region is close to the Scenario E model by Guiderdoni
N(> S) oc S7F. These results will be described in detail inst a1, [1998), and is consistent with the counts at 120 mJy and at
Paper IIl by Kawara et al. (in preparation)Afemains equal to 200 mJy obtained from the FIRBACK Marano 1 survey (Puget
-3 down toSmin = 1mJy, then the fluctuation poweH,urce) et al.[1999). On the other hand, the allowed region fop80
calculated by EqL{3) exceeds the observed ones by an ordeg@ints are significantly above those of any currently existing
magnitude. Hence at a certain flux belSw.., we expect that models.
the slope of the counts must flattenitec 2 sothatthe predicted  The hottom border derived here cannot be applied below a
fluctuations do not exceed the observed ones. We thus congightain flux.5y,, which is the flux at the intersection between
ered simple double power-law count models and evaluated Higypper-border count model with the steepest sigge( 4,

Spatial Frequency [arcmin!]

simulated PSDs: in the flux rang&,ax > S > Serit B1 = 0), and the bottom borderS;, = 30mJy (90um) or
4o 50 mJy (175:m). By definition, the upper border model do not
_ S require sources belo#,; (> S1). On the other hand, in case of
N(> S)—Nmax ) (4) . . .
Smax the bottom border model, contribution to the fluctuations from

i sources belowsy, is still appreciable, about half of the total.
and in flux rang&ri; > S > Smin Considering the uncertainties ¥, and the residual PSDs

s\ % Lower value of Smin does not appreciably change the results:
N(>S§) = Nexit (S ) ; () 5y=1.7 even itSpim = 0.

crit
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170 MICRON: C=0

Cirrus

o
N

10°

——Guiderdoni et al. 1998 ~--%
Senario E

----- Takeuchi et al. 1999

104 No evolution

90 MICRON: C=-3

AB (170pm) [MJy/sr]
o

[l
o
N

N(>S)*1OC [sources/sr]

-0.2 0 0.2
AB (90pm) [MJy/sr]

Fig. 5. Point-to-point comparison between the 2@ sky brightness
and the 17@:m one in the Lockman Hole. The brightness is not abso-
~= lute one, but is offset from the median brightness. In this plot the pixels
0.04 0.07 0.1 0.4 around the bright source$' (> 150mJy for 90um, S > 250mJy for
S [Jy] 170p:m) are not shown. In order to avoid the error due to the difference
) ) . of the beam size between the two bands, ther@images are con-
Fig. 4. The shaded areas show the_allowed_ regions for various NWRjyted with the 17um beam profile (L44FWHM). The solid line
ber count models, which are consistent with the fluctuation pow&lgoing the IR cirrus color vector is taken from Lagache efal. (1999),

of the Lockman Hole images (Flgl 3). The bottom border is obtaingthich is 17.5K gray-body with an emissivity proportionabto?.
from the simple number count model with a single power-law index

betweenSmin = 1 mJy andSmax = 150 mJy (90um) or 250 mJy

(270um). The upper border is determined from the allowed double

power-law count models. See text for detailed information. The fill&age is convoluted with the other wavelength band beam profile.
circles are observed number countsSat.«. The theoretical number Although the scatter is large, the plot shows linear correlation
count models by Guiderdoni et al. {1998) (scenario E: solid lineg)ith a slope of unity. This background color is quite differ-
and the no evolution model by Takeuchi et al. (1999) (dashed lineg)t from that expected for the IR cirrus (about 3.1), and can
are also shown. The open diamonds and triangles are observed gaqnterpreted as a typical FIR color of galaxies contributing
incompleteness-corrected source counts obtained by the FIRBAtKthe fluctuation. The fluctuation color due to faint galaxies

Marano 1 survey (Puget et@l. 1999). The open circles with daSh'dOtE?éipends on their redshift. and their SEDs. The relations be-

line show the IRAS 6@m counts, in which the flux is scaled by the . . -
factor S, (90 um) /S, (60 pum) = 2.1. tween the FIR flux ratio and the redshift for SEDs of the cirrus

dominated galaxy, the pure starburst galaxy (Efstathiou et al.
2000; Efstathiou & Siebenmorgén 2000), and the mixture of
as discussed above, we finally gi$e = 35mJy for 90um these two SEDs which represents a star-forming galaxy’s SED
counts andsy, = 60 mJy for 170um counts. like IRAS F10507+5723, are shown in Fig.6. The flux ratio
of S, (170um)/S, (90um) = 1 is attained at: ~ 0.7 for a
pure starburst galaxy, while a cirrus dominated galaxy or a star-
forming galaxy with a small contribution from starburst com-
We attribute the origin of the residual PSDs to the random digenent must be locak(< 0.1).

tributions of faint sources which can no longer be identified as From Fig.6 we can also justify the flux calibration
individual sources due to the source confusion. Another piecenatsed on the IRAS fluxes of F10507+5723. If we adopt
evidence which supports this interpretation is the 2#90um the 1SO 9Qum flux determined by PIA and the theoreti-
brightness ratio of the FIR background emission. In[Big. 5 veal PSFs, thenS, (90um)/S, (60um) = 1.0 which is the
show the point-to-point comparison between the:80and the color of a pure-starburst galaxy, while the ISO flux ratio
170um sky brightness. Here we examine the residual imag8s(170um)/S,(90um) = 1.6 is much larger than that ex-
after masking pixels around the sources wfith- Sy,.x. In or-  pected for any nearby: (~ 0) galaxies.

der to match the spatial resolution between8®9(76"” FWHM) The local cirrus dominated galaxies are not likely to be the
and 17Qum (144” FWHM) images, one wavelength band imdominant sources responsible for the fluctuations, since such

o _ IRAS 60 micron counts ‘
10.0 (Flux scaled by 2.1)

5. Discussion
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galaxies are relatively bright at optical wavelength and hen 0 Cirrus Dominated | \
the source number density in the Lockman Hole at optical way 6.0 '”usea?ar?(;,nate 1 \
length would exceed the observed one by more than an orde ' !
magnitude: as shown in Talilé 1 we obtained source densityg 50 /!
about2 x 10° sources/sr0 sources/deg?) at.S ~ 100 mJy. & I .
Using the averaged SED of normal galaxies given by Schmi‘l> 40 Star-forming Galaxy s
etal. {1997), the B magnitude of a 100 mJy source ati0s £ . [zgg’/"sgr’gtfst] [/
estimated to be about 16 mag. Reported B-band source cole 3 \,/
above B = 16 mag i®nly a few sources per square degreeéL 'y
(Kirschner et al._1979; Ellis 1983). Hence the galaxies resch 2.0
sible for the fluctuations must be heavily extincted at optic¢n”
wavelengths, which is a well-known feature of starburst gala 10 —---=
ies. In conclusion, the major source of the brightness fluctt

tions is most probably the star-forming galaxies located<atl 0.0
extincted at optical wavelengths.

In the plot of the 9Qum counts in Fig.}4, the IRAS countsare 80
also plotted. These were originally the 6® counts, in which ~
the flux is scaled by the facte, (90 um)/S, (60 um)=2.1. This § 59 Cirrus Dominated Galaxy
scaling factor is derived by the IRAS source counts at rel@
tively high fluxes 6, (100 um) > 1 Jy) (Rowan-Robinsonetal. ;>
1986), and is consistent with the color of normal galaxies witt =
partial contribution from starburst. Thus, if such galaxies don 5.
nate the 6(xm counts down to 110 mJy, this scaling is valid. Wc\cni 20
used the complete differential source counts down to 110 n¢y”
by Lonsdale et all {1990) and Bertin et &l. (1997), and as sho 1.0
in Fig.[4 the scaled counts are in good agreement with the mo
counts given by Guiderdoni et al. (1998). Since the integrat 0.0
counts down to 150 mJy is much larger than the model cour 0.01 0.1 1
the integrated counts must show a steep rise between 1501 | z
and 240 mJy, which, however, could not k_)e Obsefve,d inthe IRiA—%. 6.FIR color vs redshift{) relation for the cirrus dominated galaxy
60um counts due to the source confusion (Hacking & Houdclnq the starburst galaxy. (Top) the ratiosf( 170 yim) to S,, (90 um),
1987). Further studies from space like ASTRO-F and SIRTfottom) the ratio o, (90 zim) to S, (60 zzm). The model FIR SEDs
will judge if this steep rise is real. are taken from Efstathiou et al_{2000) and Efstathiou & Siebenmor-

Finally, we mention on the impact of the present work tgen (200D). The dash-dotted lines represent the cotetation of an
the cosmic infrared background (CIB). Hauser etlal. (1998) rexample of the mixed SED, cirrus: starburst = 0.75: 0.25 a400
ported an upper limit of 1.1 MJy/sr at 1@@n and a positive
detection of the CIB of 1.2 MJy/sr at 140n and 1.1 MJy/sr
at 240um. Lagache et all (1999) reported lower values of thwer spectrum analysis over the spatial frequency range of
CIB: 0.72 + 0.30 MJy/sr at 14Q:m and0.91 + 0.15 MJy/srat  f — (.05 — 1 arcmin'. The spectra of PSDs are found to be
240pm by further subtracting the dust emission associated wihther flat at low frequencies, which differs from that expected
the diffuse ionized gas. Lagache et al. (2000) also reported $§€ IR cirrus fluctuations. We interpret the spectral character-
CIB at 100um: 0.78 + 0.21 MJy/sr. By summing the fluxes of jstics of PSDs as those of randomly distributed point sources.
all detected sources above 150 mJy, we obtained an integratfe fluctuations in the Lockman Hole are not dominated by
brightness of the CIB 0f0.031 MJy/srat@thand 0.050 MJy/sr the IR cirrus, and are instead most likely due to star-forming
at 170um. If we consider the constraints on the number courg@laxies. We next showed the constraints on the galaxy number
for.S > Sy, shownin Figl4, thenthe integrated brightness woultbunts down to 35 mJy at 90m and 60 mJy at 170m, as-
be 0.09 — 0.30 MJy/sr at 9 for sources above 35 mJy andsuming that only galaxies contribute to the observed fluctuation
0.053-0.15 MJy/sr at 17@m for source above 60 mJy. Hencepowers. This analysis indicates the existence of steep rise in the
5—-40 per cent of CIB can now be attributed to the integrat@stegrated counts down to these fluxes and especially ang0
light of discrete sources abo%, which are responsible for thethe source density is much larger than that expected from the
fluctuations. currently available number count models.

We also found a linear correlation between sky brightnesses
at 90um and 17Qum, even if pixels around the bright sources
are masked from the images. The slope of the linear fit is much
We have studied the characteristics of FIR brightness fluctawer than the color of the IR cirrus, indicating that the point
ations at 9Qum and 17Qum in the Lockman Hole, using thesources are star-forming galaxies at low or moderate redshift

Starburst Galaxy

4.0

3.0

Starburst Galaxy

6. Conclusion
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(z < 1). These galaxies with fluxes above 35 mJy or 60 m¥#elou G., Beichman C.A., 1990, In: From Ground-Based to Space-
also significantly contribute to the CIB recently reported by Borne Sub-mm Astronomy, Proc. of the 29trege International
Hauser et al[{1998) and Lagache et[al. (2000). Astrophysical Colloquium, ESA SP-314, p. 117
Herbstmeier U., Abraham P., Lemke D., et al., 1998, A&A 332, 739
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