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ABSTRACT

Aims. Archeops is a balloon—borne experiment widely inspirechgyRlanck satellite and by its High Frequency InstrumentYHfs mainly
dedicated to measure the Cosmic Microwave Background (CigiBperature anisotropies at high angular resolutiod arcminutes) over
a large fraction of the sky (around 30 %) in the millimetre autbmillimetre range at 143, 217, 353 and 545 GHz. FurtherAtttheops
353 GHz channel consists of three pairs of polarized seaditblometers designed to detect the polarizéithsk emission of Galactic dust.
Methods. We present in this paper the update of the instrumental sstwell as the inflight performance for the last Archeops fligtmpaign
in February 2002 from Kiruna (Sweden). We also describe thegssing and analysis of the Archeops time ordered dathdbicampaign
which lead to the measurement of the CMB anisotropies popecteum in the multipole rangé= 10— 700 (Benoit et al. 2003a, Tristram
et al. 2005) and to the first measurement of the dust polagm@dsion at large angular scales and its polarized powetrspa the multipole
rangel = 3 - 70 (Benoit et al. 2004, Ponthieu et al. 2005).

Results. We present maps of 30 % of the sky of the Galactic emissiofydity the Galactic plane, in the four Archeops channelgiat 217,
353 and 545 GHz and maps of the CMB anisotropies at 143 and BtE7 These are the first ever available sub—degree resolutéps in the
millimetre and submillimetre range of the large angulalss Galactic dust fluse emission and CMB temperature anisotropies respactivel

Key words. Cosmology — data analysis — observations — cosmic microlwagkground

1. Introduction scales. However, simultaneous observation of very large

and small angular scales have proved to be particularly

The measurement of the Cosmic Microwave Backgrouglicyit, as it requires both large sky coverage and high
(CMB) anisotropies in temperature and polarization is @ifn onqyjar resolution. This has been achieved, first, by Arpheo

mental proof of modern cosmology and of the early Univer%enmt et al. (2003R), [ Tristram et al. (2005b)) which has

physics. Since the first detection of the CMB anisotropi€§easured the CMB power spectrum in the multipole
by the COBE satellite in 1992 (Smootetal. (1992)), gynge 10< ¢ < 700. Then, the WMAP satellite mission

large number of ground-based and balloon-borne ennettetar. (2008)) has detected the CMB anisotropies,
periments such as DASI| (Halverson et al. (2002)), CBoihin temperature and polarization.

(Mason et al. (2003)), VSA (Dickinson et al. (2004)),
BOOMERanG [(Netterfield et al. (2002)) or Maxima Archeops, described in details[in Benoit et al. (2002), is a
(Hanany et al. (200D)) have measured the CMB angumnoon borne—experimentdesigned as a prototype for thk Hi

power Spectrum from a few_degrees down to sub_degr’é@quency Instrument (HFI) of the Planck satellite. Itetel
scope and focal plane optics are widely inspired by the Rlanc

Send giprint requests toreprints@archeops.org design. The implementation of the measurement chains: cryo
* Richard Gispert passed away few weeks after his return fhem tgenics, optics, bolometers, readout electronics was assfid
early mission to Trapani validation of the innovative design. Further the data pssiey
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was a learning process for future members of the HFI tea
Archeops performs circular scans on the sky with its optic
axis tilted 41 degrees with respect to the horizon by spipnin

the gondola at 2 rpm. This scanning, that is combined with the

proper motion of the Earth, leads to 30% sky coverage in about . .

12 hours of flight. With a rotating gondola, the Sun above tHE€Sents the construction of the Galactic and CMB Archeops
horizon produces a dominant parasitic signal. The optinagl wMapPs- We conclude in sectibnl11.

of avoiding this, while having the longest integration tinee

by having a long duration (Arctic) night-time balloon flight 5 Technical description of the experiment

The Archeops payload was successfully launched ) ) ) _
three times. First, from Trapani (italy) in July 199dn this sectionwe describe the main aspects of the instrtahen

(Benoit et al. (2002)) for a 4 hours test flight. Then froretup of the Archeops experiment. Particular interestis foa
the Swedish Esrange station (near Kiruna at 68 deg. latitgtdnges performed on this setup since the Trapani test flight
North, just above the Arctic circle) operated by the FrendBenoit etal. (2002)).
Centre National d’Etudes Spatiales (CNES) and the Swedish
Space Corporation in January 2001 (hereafter KS1 flighi); Gondola
for a 12 hours flight, and finally in February 2002 (hereafter
KS3 flight) for a 24 hours flight from which 12 night-hoursThe Archeops gondola was redesigned since the Trapani flight
were exploited for scientific purposes. In the KS3 flighth order to gain some weight and try to reduce the main para-
a stratospheric altitude of 35 km was reached, reducifigic efect that was observed then. The most likely interpre-
significantly the contamination from atmospheric (mainl{gtion was indeed that stray light reflecting from or emitted
ozone) emission with respect to ground—based measuremditsnhomogeneities on the balloon surface was the main cul-
Additional information about the Archeops flights may berit for this large scale parasiti¢fect. The new bidle contains
found at our web—sife lightweight highly reflective material (Fifl 1) in a staises-like

The Archeops bolometers are grouped in four frequeni@yout so that the entrance of the gondola is highly “reflecti
bands at 143 GHz (8 bolometers), 217 GHz (8 bolometers &R downward rays. To further reduce the systematidscts,
a blind one), 353 GHz (3 polarized bolometer pairs), 545 GHpgtween flight KS1 and KS3, the engine driving the gondola
(1 bolometer). The 143 and 217 GHz channels are dedicate§®¥ning was moved from the top of the gondola (and rigidly
the measurement of the temperature angular power specfrurt®d t0 it) to an higher location along the flight chain, 60 eret
the CMB [Benoit et al. (2003a)), Tristram et al. (2005b)) eTHAbove the gondola. This allowed to strongly reduce norstati
353 and 545 GHz channels allow the monitoring of both 2y noise induced by the swivel engine.
mospheric emission and Galactic thermal dust emissiord4n a
dition, the polarization of _the f_fuse Gglactic dust emission h‘?‘%.Z. Attitude control system
been measured for the first time using the 353 GHz polarized
bolometers[(Benoit et al. (2004), Ponthieu et al. 92005)).  The Archeops attitude control systems are composed of gy-

We present here the processing of the Archeops d&@SCOPeS, a GPS and a Fast Stellar Sensor. The gyroscopes
for the KS3 flight going from raw time ordered data té'e unchanged since Trapani flight. A high precision z—axis
maps of the sky. The Archeops data processing was spet@fer gyroscope based on the Sagrféecewas added for long
ically designed to cope with the characteristics of tH&MM relative azimuth reconstruction. This is needed for-da
scanning strategy and has similarities with Planck-HFadaight data, when detected stars are not enough to trackontat
processing. Other dedicated processing techniques are R&€d changes. The GPS was changed since Trapani because
scribed in details in Hanany et al. (20D0),_Lee etal. ;gooqu a failure at high altitude. A 1-m diameter circular loop of
Stompor et al. 2002, [_Rabii et al. 2005, [__Runl et al. 20080Pper wire was added and used as an Earth magnetic field de-
Masi et al. (2005)_Kuo et al. 2004 to deal with the Maximdector to perform arough (5 degree accuracy) absolute azimu
BOOMERanG, ACBAR spider web bolometer-experimenf§C0”StrUCti0”-The electromagnetic influence of the piotuir

data and with WMAP HEMT all sky survey satellite@nd its associated wire on the loop signal disappeared trem t
dataHinshaw et al. (2003). KS1 to the KS3 flight, as the rotor was moved upwards along

This paper is organized as follows. Secti@hs 2 Bhd 3 dB€ flight chain. _ _
scribe the instrumental set-up and the in-flight perforneanc ~ The Fast Stellar Sensor (FSS) is a 40-cm optical telescope
of Archeops during the KS3 flight. Sectih 4 presents the pigduipped with 46 photodiodes mounted on the bore-sight of
processing of the Archeops data. In secfibn 5 we describe fi@ Primary mirror (Fig[ll) for a—posteriori accurate peint
offline pointing reconstruction. Sectiih 6 deals with the aptici"d reconstruction. The photodiodes are aligned along lin
and time responses of the instrument. Seciidns Thnd 8 pre¥@Hch is perpendicular to the scanning direction. Each @hot
the characterization and treatment of systematics ane iois diode covers a 7.6 arcminutes (parallel to the scanning-dire
the data. In sectiofl 9 we discuss the intercalibration and 49N - Para scan) by 1.9 arcminutes (perpendicular to the-sca

solute calibration of the Archeops data. Finally, seclidh 1hing direction - cross scan) area on the sky. The FSS sweeps
a 1.4 degree wide ring at constant elevation during a payload

! http://www.archeops.org revolution and its center is mechanically within one dege

g]g. 1. Scheme of the Archeops gondola
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Fig. 2. Optical layout of the Archeops focal plane. Fig. 3. Spectral transmission of the various types of photomet-
ric pixels. This was obtained by combiningfdirent measure-
ments at the component level.

the main submillimetre telescope pointing direction. TIESF

has been improved with respect to the Trapani configuration

(Benoit et al. (2002)): a red filter has significantly dinsimed Fig. 4. From top to bottom, evolution of the temperature of the
the background and parasitic noises have been suppressetpCal plane and of the 1.6 K and 10 K cryogenic stages during
full report on the FSS is given by Nadt al. (2003). During the the KS3 flight

flights, about 100 to 200 stars per revolution were detecyed b

the FSS. A detailed description of the pointing reconstoumct

can be found in Sedil 5.

back horns are located above the focal plane at varioustseigh
2.3. Detectors (typically about 6 mm), in order to prevent optical crostkga

. . ) between channels.
For the last KS3 flight campaign, the detection was ensured by

an array of 21 spider web bolometers (Bock et al. (1996)) of )
the same type as for the Maxima (100 mK) and BOOMERan&®. Observation frequency bands

(300 mK) .experiments. For . each bo_lome_ter., a Neutr%e Archeops data are acquired at four frequency bands cen-
Trans_m_utauo_n Doped Gerr_namum thermistor is fl_x_ed on a_s'{Ered at 143 (8 photometers), 217 (8 photometers), 353 (6 pho
con nitride micromesh designed to absorb submHhmeﬁﬂethlg tometers) and 545 (1 photometer) GHz. The first two were ded-
The bolometers are cooled down below 100 mK bylde/*He icated to the measurement of the angular power spectrune of th

dilution cryostat (Benoit & Pujol (1994)).and were opt!rent CMB temperature anisotropies. The last two were designed to
for the expected background loads at this temperatureingry o asure the dustitiise Galactic emission. FigUrk 3 shows the

fro_m 2108 pW depe_nding on frequency. The bolometers W%ﬁectral transmission of the various type of photometrielsi
built at JPL/Caltech in the context of the development of thgorresponding to the four Archeops frequency bands

Planck HF| mstrumen':(l__a.marre,.].M. etal. (2003)). The 353 GHz photometers are arranged in pairs cou-
Bolometer characteristics were measured from standartipll—d to the same horn via an Ortho Mode Transducer (OMT
V curves obtained during ground—based calibrations at zeta '

Chattopadhyay et al. (1999)) and are optimized to measare th

power load, after the bolometers were made _blmd (see .SBb]arized sky signal as described in Benoit et al. (2004).
tion B2Z2). In order to prevent radio frequencies contamin

tions, each bolometer is kept in a coppé# cavity acting as a
Faraday cage for maximal absorption. 2.6. Cryostat monitoring

The sensitivity of the bolometers at 100 mK is limited b

the photon noise and their short time response ranges frorih:f:rmometers are used to monitor the cryostat temperature a
to 14 ms, which is adequate for the Archeops scanning a h of the thermal stages described above. The thermaneter
acquisitio’n strategies made of large thin films of NbSi, are added to the 100 mK, 1.6

and 10 K stages. They are described in Camus et al. (R000).
The house keeping data obtained from these thermometers
2.4. Optical configuration are essential for the subtraction of low frequency driftshia

. ) . . . Arch bol ter dat d ibed i t.7.
The Archeops optical configuration consists of a 1.5ffreais reheops bolometer data as described in $gc

Gregorian telescope illuminating a set of back-to-backnbkor

which are coupled to each of the detectors in the focal plarg.|n-flight performance

The horns, which are corrugated and flared, are cooled down

to 10 K by helium vapors and their wave guide sections act We discuss in this section the performance of the Archeops in
frequency high-pass filters. Low-pass filters are locatetiet Strument during the KS3 flight in terms of cryogenics and pho-
back of the horns on the 1.6 K stage. These two sets of filté@gnetry. The flight took place on Februar§ 2002 and lasted
define the frequency band of operation afcfieops from 100 21.5 hours, starting at 12h44 UT time. During 19 hours the bal
to 600 GHz. The complete set of bolometer, filters and hol@en was at nominal altitude, between 32.5 and 34.5 km above
constitute a photometric pixel. Those are layed out on co#fa level, with a total of 12.5 hours of night data used for sci
stant elevation (scan) lines. The telescope images thesg lientific purposes.

into curved lines on the focal plane. Figlile 2 shows the focal

plane layout of the photpmetric pixels. The layout of bolem%,_ll Cryogenic performance

ters at diferent frequencies was chosen so as to have redundan-

cies on diferent angular and time scales. The main axis of ea€he cryostat functioned autonomously during the entirénflig
photometric pixel is pointed at the image of the primary onirr duration. The dilution flow was changed twice. First it was de
through the secondary mirror. Entrances of the 10 K back—toreased at the beginning of the mission to increase therfife t
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of the dilution. Then, it was increased at sunrise to comgtens  We characterize the thermistor behavior of thermometers
for the extra thermal power from the sun. and bolometers using

The full cryogenic system warmed up mechanically at T.\®
launch, being at nominal temperature at about 15h00 UT tinkR= R, exp(—r) . (1)
Fig.[d shows the temperature of the focal plane, the 1.6 K and T
the 10 K stages from top to bottom respectively. At float altiFhe electron—photon decoupling is neglected as well asgrelec
tude, the focal plane cooled down staying below 100 mK dtfield effects in the bolometer. The absolute temperalyref
ing the entire flight. A plateau of about 90 mK was reachetle thermistor is calibrated with carbon resistance andlisl v
since 19h00 UT. The 1.6 K stage was stable during the entigghin 3 millikelvin.

flight at a temperature of about 1.5 K. The 10 K stage remained The heat equilibrium for the bolometer reads:

at about 9 K until sunrise at 27h00 BTand then increased up TV T\

to about 12 K. During the night flight the temperature of th Al ey o)

bolometer bath was stable at 90 mK. Pe(T1.To) = [(Tloo) (TlOO) ] =PatPr. @

where Ty is the base plate temperature measured by the

3.2. Bolometer signal and noise contributions standard thermometef,; is the bolometer temperature ob-
tained throughR(T1) (Eq.0), T100 is a reference temperature
3.2.1. A simple photometric model (we take it asT;00 = 100 mK) so that the constagtis in unit

of pW, P¢ is the cooling powerP; = Ul is the Joule power

In order to evaluate priori the total background incoming yissinated in the thermistor arik is the absorbed part of the
onto each bolometer, we performed a component by COmpOsijent radiative power.

nent photometric analysis by dealing with emission proegss

and various transmission déieients. From the sky to the de-
tector, it includes Bolometer | R.(Q) Ti(K) | G(pW/K) B | C(pJK)
143K01 11.27 21.16 57.96 2.80 0.40

— the CMB emission assuming a simple 2.725 K blackbody iﬁigj gg'gi 12'22 ;g'gg g'gg 8'2§

(Mather etal. (1999)) _ o 143K05 | 5341 16.85| 5094  2.30| 0.35
— the atmospheric emission for which the emissivity was 143k07 2155 18.79| 60.30 255 038
computed for 41 deg. elevation (airmass of 1.52) at 143701 21.47 20.03| 11629 285 057
32 km altitude using the Pardo’'s atmospheric model 217K01 | 299.42 16.73] 28.93 210 0.18
(Pardoet al., (2002)). A temperature of 250 K is assumed. 217K02 | 189.54 13.21| 65.15 2.00| 0.36
— the radiation from the telescope which is assumed to 217K03 | 242.93 13.10| 62.87 2.00| 0.03
have an emissivity of 00285x 2 x +1Imnya 217K04 | 159.03 13.76| 69.45  2.20| 0.39
(Bock et al. (1995)). The factor 2 is to account for the pri- 217K05 | 1172.80  9.72| 5931 165 0.34
mary and secondary mirrors. A temperature of 250 K is 217K06 | 12092 14.18  65.11 2.10) 0.46
assumed. 217704 52.38 14.79| 161.00 2.30| 1.06

— the emission of the polypropylene window, which allows 217706 | 13669 1367 18216 230] 0.00
’ 353K01 99.45 14.39 90.50 220, 0.21

thg _radiation to propagate to the cold optics while main- 353K02 9459 1501 9847 220 012
taining the vacuum, is neglected here. 353K03 8527 14.86| 99.09 220l 0.22
— the radiation from the 10 K stage which was found to emit 353x04 | 68.05 15.18| 106.59 2.20| 0.23
in the KS1 flight a detectable fraction of the background but 353k05 7721  14.67| 103.89 220l 0.39
which was negligible for the KS3 flight. We also account 353K06 50.70  18.49| 116.00 2.20| 0.38
for a transmission factor across the 10K stage estimated to545K01 34.94  18.48| 136.70 2.20| 0.04

be 0.6. Table 1.Bolometer model parameters as described ilfEq. 1 and
— the transmission curves shown in Hify. 3. They mostly reprfor each of the Archeops bolometers.
resents the filtering done at the 1.6 K stage, although some

filters were sometimes placed on the 10 K stage and a band-
pass filter at the entrance of the 100 mK horn.
— the bolometer with an assumed perfect absorption.

Table [ lists the parameters of all thermometers and
bolometers that were used during KS3 flight (bolometers or-
dered by channel, 217K05 was blind during the flight). The
3.2.2. A simple bolometer model differential conductivity at 100 mK i& = dP¢/dT = 89/T100

(from Eq.[2). These constants are consistent with those mea-
The theory of the thermodynamical and electrical behavisured on cosmic rays. A more detailed description of the pre-
of bolometers is described in details py Mather (1984) angbus issues is given in Sell 6. The heat capacity was sim-
Piatet al. (2001). Here we concentrate on the main equatiop$y taken asC = 7;G wherer; is the first time constant of
to introduce the parameterization given in subsequengsabl the bolometer. Time constants are derived from a fit on Jupite
data taken during the flight, including electronic filteriaugd a
2 Meaning 3h00 UT the next day Gaussian beam (see Sécfl6.1).
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The diferential conductivityG is taken at 100mK. Note
that the “Kiruna” bolometers have typical conductivity be
tween 60 and 80 pYK and heat capacity of 0.3 to 1 f#Jal-
though some of them deviate significantly from this range.

Fig. 6. Top : Kernel of the digital filter used for demodulation
(see text for details). Bottom : Fourier power spectrum ef th
digital filter compared to a square filter, to the beam pateh
to the bolometer time constant.

3.3. Detector noise

We include in the detector noise model contributions from th‘acq = 1526 Hz. The AC square wave modulated bias trans-
FET electronics, the Johnson noise and the bolometer therfiyms the data into a series of alternative positive and thega
dynamic noise[(Mather (1984)). To the detector noise we agfl,es. This induces a peak at the Nyquist frequefigy/2, in
quadratically the photon noise deduced from our photometthe Fourier power spectrum of the bolometer data. This peak
model. Note that the bolometer noise is not white at high fl’ﬁ_]”y dominates the signal and needs to be removed for de-
quency due to the bolometer time response. Figlire 5 shqygdulation. This is performed by filtering the data and fds th

an example of power spectra of the time ordered data of fQy|irpose we have constructed a digital filter with the follogyi
representative Archeops bolometers during the KS3 fliglet. Wonstraints:

overplot the noise model discussed above which is in quali-

tative agreement without any parameter tuning at freq@snci— the transition after the cutfiofrequency, taken to be 60 Hz,

higher than a few Hz. We observe an increase of power with must be sharp for a complete removal of the modulation

decreasing frequency mainly due to the low frequency system signal,

atics. Although we have smoothed out the power spectrum we the ringing of the Fourier representation of the filter above

still can observe peaks which correspond to the sky signal at the cut-df frequency needs to be below the 2% level, to

the spin frequency harmonics which are mainly dominated by avoid any possible aliasing.

Galactic and atmospheric emissions. Centered at 1 Hz and in

particu|ar for the h|gh frequency channels there is a Ver pe These two COI’IStraintS |ead to a d|g|ta| f||ter Of 23 pOintS

culiar structure which may be of atmospheric origin. Fipall Whose kernelis shown on the top panel of Eigl 4.1. The Fourier

high frequency we observe correlated structures. A more desponse of the filter is shown on the bottom panel and com-

tailed description of systematics and their subtractiogiven Pared to that of a simple square filter. We observe that thte hig

in Sect[Y. frequency cutting of the digital filter is much sharper than f
Finally, we present in tab[d 2 a summary of the noise Ior()B‘l_e.square filter therefore preserving the signal bettercﬁm-

erties of all Archeops bolometers. From left to right we inParison, we also plot the Fourier response of the bolomieter t

clude representative values within the night flight for theim résponse and of the beam pattern which determine the spectra

photometric quantities of those bolometers: currentstasce, Pand for the signal. No signal is therefore removed by the dig

and responsivity. Next we provide the expected absorbegpoWf@! filter.

from a simple photometric model made of subsystem transmis-

sion measurements presented in se¢fionBB.2.1. Then wehgive, 2. Removal of readout digital noise

absorbed power as measured (with 1 pW absolute uncertainty)

using the bolometer model described in seclion B.2.2. The 86 discussed above, the bolometer signal is biased with a

ficiency is given as the ratio of Jupiter inflight calibratiaith Square signal. The data are then amplified by a digital pream-

calibration from the photometric model. Noise measuremenifier and bufered and compressed by the on-board computer

are given at the bolometer level both for photon and totasewoi into blocks. The blocks are then recorded. The compression

The photon noise is within a factor 2 of the total noise as meocedure preserves most of the signal of interest. Code 32-
sured in flight conditions. bit words at the beginning and end of each block allows us to

check those blocks. These blocks are dfedent sizes depend-
ing on the nature of data which may correspond to the signal
4. Preprocessing from the gyroscopes, the bolometers, the thermometerseor th

) ) ) ) stellar sensor. The length of the bolometric and thermametr
In this section, we describe the preprocessing of the Aneiegy|ocks is of 72 samples.

data. This includes the demodulation of the raw data and the

removal of the parasitic signal introduced by the readcet-el

tronic noise. We also describe the linearity correctiont®f t Fig. 7. Top: Fourier power spectrum of KS3 143K01 bolome-

bolometers and the flagging of the dafteated by cosmic rays ter data showing the frequency peaks produced by the readout

and noise bursts. electronic noise. Bottom: Same after preprocessing. The am
plitude of the peaks is significantly reduced.

4.1. Prefiltering

The data are acquired in total power mode via an AC square
wave modulated bias. All the modulations are driven by the While the on-board computer deals with in-flight com-
same clock at 76.3 Hz, leading to an acquisition frequenmyands, the data recording is delayed and a few data blocks
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Fig.5. From top to bottom and from left to right are shown the powercsa (in 1017W.Hz*%) of the Archeops 143K03,
217K06, 353K01 and 545K01 bolometers, respectively, ametion of frequency (in Hz). For comparison we overplot (simo
curve) the detector noise contribution for each bolometagigen by the model presented in the text.

Bolometer | R Resp Pexp Pas  Eff NEPphot NEPtot
nA) () @ACGV/W) | (pW)  (pW) (10YYW.Hz'¥2)  (10°Y W.HZz /?)
143K01 0.57 2.78 4.98 1.7 2.6 1.3 2.2 5.1
143K03 0.57 2.76 4.49 1.7 2.9 1.8 2.4 3.6
143K04 0.57 4.11 6.65 1.7 1.8 0.7 1.9 3.0
143K05 0.57 2.33 4.27 1.7 2.9 1.7 2.4 5.1
143K07 0.57 2.04 3.51 1.7 3.4 1.6 2.5 6.7
143701 1.13 3.90 4.57 1.3 1.9 1.3 1.9 4.4
217K01 1.70 0.95 2.04 2.0 6.1 1.3 4.2 9.1
217K02 1.70 0.64 1.31 2.0 8.6 2.0 5.0 9.4
217K03 | 1.70 1.08 2.22 2.0 52 0.2 3.9 7.3
217K04 1.22 1.11 1.93 3.5 6.7 1.8 4.4 9.5
217K05 1.70 0.89 1.64 2.0 7.7 1.0 4.7 7.4
217K06 | 1.13 0.98 1.86 3.5 6.3 1.7 4.3 8.1
217704 091 4.39 5.29 2.1 0.5 0.7 1.2 4.4
217706 0.87 5.05 4.65 2.1 2.8 1.2 2.8 6.4
353K01 | 0.85 3.31 5.00 1.1 20 07 4.3 3.8
353K02 0.85 3.98 5.37 1.1 1.9 0.6 4.2 3.8
353K03 0.85 3.75 5.30 1.1 1.7 0.6 4.0 3.4
353K04 | 0.85 3.82 5.36 1.1 1.6 0.7 3.8 4.8
353K05 0.85 342 4.99 1.1 1.9 0.7 4.2 3.7
353K06 0.85 5.16 5.56 1.1 3.0 0.6 5.3 4.9
545K01 1.13 0.77 0.76 7.5 180 1.2 11.4 15.9

Table 2. For all Archeops bolometers from left to right. Photometpiantities as representative of night flight values: thessur
the resistance, and the responsivity. Expected absorlveerfimm a simple photometric model made of subsystem tréassom
measurements presented in secfion B.2.1. Absorbed powreasured (with 1 pW absolute uncertainty) with the bolomete
model described in sectidn_3.P.2ffi€iency as the ratio of Jupiter inflight calibration with ¢ahition from the photometric
model. Photon and total noise.

are bufered before recording. Smalffeet variations in the been reordered into a 720l matrix so that a time evolving pat-
electronics lead to significant fierences between the meanern of the parasitic signal over 720 samples can be caémllat
value of the last recorded blocks and the next ones. As ihtfligpy smoothing up over the N blocks. The exact number of 720-
commands are sent and received by the on-board compsmples blocks to be summed up is a compromise between,
periodically during the flight (every few data blocks), thdirst, the minimum signal to noise ratio needed for extragtin
differences in the mean between blocks induce a parasitie parasitic signal from the data; second, the time evmiuti
signal on the data. This parasitic signal shows up in theakatarate of the parasitic signal and third, the minimum time iinte
a periodic pattern of basic frequenty,/72. Further, as seriesval needed to consider that the sky signal vari¢Baantly for
of blocks are bffered before recording we also observe in theot contributing to the template. We have found that for most
data periodic patterns at frequencies which are submedtipArcheops bolometefd = 100 is a good compromise. The con-
of facq/72. For most of the bolometers this systematic signsiructed template is repeatétimes (size in samples of the
dominates over the noise and is clearly visible both in thine interval processed) and then subtracted from eacle piec
time and frequency domain. The top panel of [Elg. 7 showsoadata.
zoom-up of the power spectrum of the data of the KS3 143K01
Archeops bolometer. We observe on the spectrum a series of
peaks which correspond to the parasitic signal.
The bottom panel of Fidl7 shows the power spectrum of

The subtraction of the parasitic periodic signal can bdyasihe KS3 143K01 bolometer after applying the above procedure
achieved using a time domain template for it. Indeed, we haVke procedure reduces significantly the peaks. For exammple t
implemented a fast algorithm for calculating a time varyinfyndamental frequency peak at 2.12 Hz is reduced to much less
template of the parasitic signal. First of all, for each A¥ops than 10 % of its original value. The peak at 12.7 Hz, although
timeline we have divided the data into pieces of N blocks sfgnificantly reduced, is still visible in the preprocesseéc-
720 samples. The block size corresponds to the largestdpetimm. It will be cut df in the Fourier domain as discussed in
between two in-flight commands. Then each piece of data I#ect[7B.
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4.3. Linearity correction Tshort = 2 Samples (13 ms) angbng = 50 samples (325 ms).

. We then fit the following glitch model
The cryostat temperature underwent a slow decrease dheng t g9
t—tj

flight, leading to a slow change of the calibration in . f [ -0 -—L
i . oo (1) = [Ashort € Tshort + e Mong [ fooq + 4
This change in calibration can be corrected for by modelin 1) = | Ashon * + Along * lacq base “)

the responsivity of the bolometer. Actually, for a Tlin pV, where the free parameters are the amplitudes of exponential
we can write the linearity corrected TOI as follows functionsAsnor andAiong and the baseline and whetfgy is the
sampling frequency. All data samples withyig, andtyaxgiven
Vb + Vo -b
bcorr = —Vb In V—b + VO (3) by

The parameter¥},, andV, are determined from the bias-,
current curves of each of the bolometers. After this smooth™
correction, the calibration factor in miV can be considered t,,, = t; + snortIn [Ai‘m] + TlongIN [M +11
as constant over the flight, thus allowing for a much easier de 0.1 0.1
termination. For the KS3 flight the correction does not edcee gre flagged. So data samples for which the glitch contri-
20 %, and it is only important for the first 2 hours of flightpution is at a level higher than 10 % of the local noise are
This has been cross-checked via the Galactic plane catibrafjagged. The extra 11 samples margin on each side of the glitch

=t-11

method described in SeELP.2. position accounts for theffect of the digital filter at 23 points
discussed in the previous subsection. An additional marfin
4.4. Flagging of the data 100 samples is used when the fits is of poor quality. This extra

flagging concerns about 20 % of the glitches detected on the
In this section, we describe the identification and flaggihg @MT bolometers, 33 % on the Trapani-like bolometers and
parasitic &ects including glitches, noise bursts and jumps iss than 15 % for the others bolometers of the KS3 flight.
the data. For Archeops most glitches are due to the increase
of temperature of the bolometer due to the energy deposited Detailed statistics of the number of glitches detected én th
by cosmic rays hits. Jumps are essentially due to changexef flight are reported in Talil 3. The bolometers from the
the equilibrium voltage of the bolometer and there are onfapani flight are quite sensitives to glitches, 15 to 2Qchkis
a few during the whole flight. Bursts of noise are induceger min. Polarized OMT at 353 GHz shows a rate éfglitches
by microphonic noise coming mainly from the mechanicgler minute, whereas at 217 GHz and 545 GHz we detect less
oscillations of the gondola. than 2 glitches per minute. At 143 GHz the bolometers present
a glitch rate between 1.5 and 4 per minute. The glitch rate is
To flag and remove the dat#fected by the above system4ully related to the #ective surface of the bolometer which
atic dfects, the first step is to detect spikes in the TOIs aboygries between bolometers. A larger glitch rate can be ex-
a certain threshold level. For this purpose the r.m.s. rleisd, plained by a largerféective area of the spider-web absorber.
o2, is estimated locally on a 400 points running window as the |n the above procedure bursts of noise on the data are as-
standard deviation from the median valug,of the data after similated to glitches and the flagging obtained is poor. To en
removing 5% of the lowest and largest data values. The dat#&e a better flagging, we proceed to a visual inspectioneof th
with flux above & are considered as glitches. To preserve thgata. We check all the pieces of data found above the thresh-
Galactic signal, which can be sometimes spikjand larger old limit and extend manually the flagging if necessary. Ehos
than the threshold limit, a baselirfgase fitted as a combina- data samplestfiected by noise bursts are flagged as such. We
tion of the two first Fourier modes is removed whenever daggso observe jumps on the data which are caused by extreme
values above the threshold are detected at Galactic latlied changes on the DAC currents of the bolometer.
tween -10 and+10°. The value ofr is then re-computed and  The values of the DAC currents are stored as housekeeping
the above criteria re-applied. This technique is time-camsg  data and allows us to correct the data from those jumps via a
but not required outside of the Galactic plane where a flag-basimple destriping algorithm. In addition, by visual inspen
line is already a very good approximation. we determine the data samples which affecied by jumps
The second step is then the flagging of the data. When #&d they are manually flagged.
parasitic signal is due to a glitch, we can model it by the con- At the end of the process, a total of 1-2.5 % (resp. 2-4 %
volution of a Dirac delta function at time with the sampling and 12-18 %) of the data are flagged for the KS3-like bolome-
window and a double decreasing exponential function with twers (resp. for the OMT and Trapani-like bolometers). Fétyg

time constantssnhort andTiong. The first corresponds to the redata are then replaced by constrained realization of naise a
laxation time of the bolometer itself and the second is of udiscussed in SubseE B.4.

known origin. The time constant values depend only on the
bolometer and must be the same for all glitches impactirgy thi
bolometer. The main objective of this first analysis is nakto
produce faithfully the glitch shape but to estimate whictt p&
the data is badlyféected by it and must be flagged. Thereford,he knowledge of the pointing attitude was not needed during
the same conservative values are adopted for all bolometdins flight but its accurate posteriorireconstruction is critical

5. Pointing reconstruction
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Bolometer | # glitches [per min.]  data flagged [%] that the phase valug is the same for all the diodes in the ar-
143K01 1.8 0.93 ray, therefore also the same for all detected stars, bethese
143K03 3.6 1.58 diode array is placed perpendicularly to the scanning tioec
143K04 4.2 1.74 In other words, the number of the diode lightens is only given
143K07 16 0.77 by the axial distance of the observed star.
143K05 2.2 0.94
143701 16.8 8.58
217K01 1.0 0.44 5.2. Reconstruction Method
217K02 1.1 0.54
217K03 1.3 0.55 The goal is to produce an optimal pointing solution as a func-
217K04 1.6 0.79 tion of time. The reconstruction is based upon the compariso
217K05 1.3 0.58 between FSS data and a dedicated star catalog compiled from
217K06 15 0.79 the Hipparcos catalog. The electrical intensity of starthie
217104 16.9 8.43 catalog is computed by taking into account the FSS spectral
217706 20.7 11.62 response. Hereafter, we calfnala star candidate in the list
353K01 4.8 2.15 produced by the FSS software asir an object taken from
353K02 4.1 1.88 the star catalog. First of all, we find in the star catalog testb
353K03 5.7 2.55 . . . . .
353K04 38 172 s_tar tp be as§00|ated WhICh e_ach FSS_ s_lgn_al. We call_ identi-
353K05 4.9 292 fied signal a signal for which this association is performéd.
353K06 3.3 1.52 these associations we obtain a pointing solution for eaeh-id
545K01 11 0.76 tified signal. Finally, we fit the overall set of identified sajs

Table 3. Statistics of glitches per minute for the KS3 flight an

H’lrough the scan path to get a pointing solution as a funcion
proportion of flagged data. im

5.3. Initial pointing estimate

for mapping cprrectly the sky mg_nal. The pointing of each. C\fo be able to associate signals to stars, a first estimatesof th
the detectors in the focal plane is computed as followss,Fr ointing solution is needed. This is obtained via the GP& dat

a po!nting solgtion for the payload is obtained from the pr vhich give the local vertical direction, which corresponds
ges_smg}[r?f %ptﬁalgata;l coIIecte(;i_ by :heﬂ:ast sFe{I_ar Se(i@tsh) the spin axis directiofiap, 6,} to an accuracy ot 1 degree,
urlngttethlg ' llnady, yvef es 'm?]i | N p(im mg_%m t\r:w taking into account the gondola average pendulation. Tlen,
r?spetz_c Oftr? pfay Olal aX'Sf or each bolome ?r ufsmg theC%atch signal and star directions and try to identify for each
struction otihe focal plane from measurements of poIntGesIr signal the corresponding star. There is no direct measureme

(see Sectl6 for details). f . ;
. . the FSS ph . Wi dt truct it f th tat
We have developed an algorithm to extract star cand|dag © phasg. We need o reconstructitirom the rotation

es. . .
from the FSS time-sampled photodiode signals (see [Sebt. Zfsrmd by integration.
Each star candidate is kept into a table including its detect

time, its position along the diode array and the electrinal i5.3.1. Rotation period

tensity observed. The position of the star candidate albag t . ) ) .
diode array is given in terms of arfective diode number. The We now describe the gondola motion relative to the celestial

electrical intensity measured is proportional to the litgaric SPhere. We thus call rotation period the elapsed time betwee

value of the flux of the star. two successive detections of the same star after one rewolut
Each revolution takes about 30 seconds. Due to the Earth mo-
tion, the spin axis moves about 5’ ia per revolution. Each

5.1. Coordinate system definition star can thus be seen several times by the FSS. For each sig-

In the following, we use equatorial coordinatess} to define nal, we look for every compatible signal seen in the preagdin

the position of celestial objects on the sky. The FSS data 5?¥O|€tizn' o'IA com%atib_ll_(_e sigf;;al has absi[\r;wlilar itnr:engity ‘Tﬂd d
also easily handled with local coordinates associated thigh hearby diode number. Timelterences between the signal an

gondola frame, for which the zenith corresponds to the goloS€ Seen in the last revolution are binned into an histogra

dola spin axis direction. The direction of a star on the d&les he most populated bin gives us the rotation period. Figlre 8

sphere is then given ky the angular distance between the Spif1hows the evolution of the rotation period as a functionroti

axis and the direction of the star (hereafter the axial disty, or 3 hours of the KS3 flight. This gvol_u'uon IS _ma|nIy d_ue to
and by, the phase corresponding to the azimuth measurlg'(‘j’ presence of strong stratospheric winds during the flight
from the North.

To reconstruct the pointing direction of the gondola we,
need to find the direction of the center of the diode array. THG-
instantaneous pointing solution is fully described by thé s
{ap, 6p, ¢}, Wherea, andé, are the equatorial coordinates of
the gondola spin axis ang the phase for the diode array. Note

8. Rotation period evolution during the KS3 flight.
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5.3.2. Star Sensor Phase corresponding star directions can be tuned to optimize she a

. . sociation €iciency. In practice, tight cuts on those parameters
We reconstruct the FSS phase by integrating the anguladspee y. np g P

1 . . . : . . reduce the probability of wrong associations but at the same
7, WhereT is the rotation period. The resulting estimateif time reduce the number of good associations available on the
fers from the phase by a slowly varyingfget. To correct from

this bias, we compare, for each revolution, the phase of Lﬁ.‘eeqmns where the pointing reconstruction is bad. To improv

. . . : Nnis situation we use the fact that the FSS sees a given star du
most intense signals with the phase of the brightest stars Io . L .
mglseveral revolutions. Once a good association is oldaine

cated in the 1.4 degree wide band scanned by the diode arf propagate this information to the whole data set using our

; i W
during a revolution. estimate of the rotation period and thus we can improve the

association ficiency and therefore the pointing solution.

Fig.9. Evolution of the distribution of phaseffiirences be-

tween signals and bright stars for the KS3 flight. 5.5. Pointing solution improvement

The axial distancé is the only quantity which can be directly
measured. When signals have been associated to cataleg star
it gives a way to reconstruct the spin axis direction. As the p
Fig. 10. Distribution of the axial distance of bright stars versussmon of the signal and that of its associated star must be th

; e . same, the spin axis is therefore located on a cone centered on
the diode number of the corresponding intense &gnalscNotk . . X .
he star with an opening angte Using two couples, signal-

the strange_behawor of the diode 26. This diode is eXCIUdSt(gr, we can find the direction of the spin axis. Indeed the in-
from analysis.

tersection of the two cones, one for each couple, leads to two
solutions. Only one of them is geometrically relevant. \gsin
the whole data set we can thus correct the estimate of the spin
axis direction during the flight. We upgrade the FSS phase tak

dng into account the new estimate of the spin axis pointifge T
process is iterative to obtain a more accurate estimateeof th

to adjust the geometrical relation between the axial dmanoointi_ng for the whole flight._ The increase in accuracy aiheap
and the diode coordinates along the array. Fifiute 10 shavs %rathn allows us to use tlghter cuts to get a better qualit
distribution of the axial distance of bright stars as a fiorct matching between stars and signals.

of the diode number of the corresponding intense signalén th The FSS dataset available is mainly composed of faint stars
FSS. We observe for each diode number the distribution Hagking the above iterative solution very important. Furthe
a well defined peak from which we can reconstruct the axiglibration uncertainties on the signal get broader asrifes+
distance for each diode. The width of the peak is due to thiy decreases. The associations for the brightest stavesalis
pendulation motion of the gondola. to recalibrate the FSS signals. Adding finer constraintshen t
intensity of the signal increases the quality of its asdamia

to a star in the catalog. This also improves the final pointing
solution.

The association algorithm used above is based on a compariso
of the star and signal directions. An er@mon the spin axis )
direction @p, dp) translates into a local rotation and then afy-6- Scan path fit

error on the reconstructed direction for each of the sigidle e the signal-star associations are obtained we have a dis

gondola pendulation is a slow time varying function on s8al@ete pointing solution at the times where the signal were ob
of a few degrees. Therefore, the ertoand the local rotation ¢ored. Our purpose is to generate an optimal continuous sca

parameters, are slowly varying functions t0o. In other 8ord, .1, and then we have to interpolate the pointing solutiong
signals detected within a few degrees area are thus shiftels yata. This solution should not only be interpolated, but

roughly equal amount from their true position on the cedsti, g optimized along the data se¢,t}. To get an optimal

sphere. _ _ _ pointing solution we have to reconstruetp(f), dp(t), (1)),
The matching algorithm is based on the above statem the{api, dpir @i} Set, wherd labels a given signal-star

and proceed as follows. First, for each signal, we assosiate ,gqciation. This is performed by computing first a smooth so

and signals with co_mpa’uble positions and |ntenS|t|eso_Sdc lution for the pointing and then correcting it.

given a reference signal, we check whether forHellowing

signals there are N stars such that the corresponding sinéfts

close. If so, this displacement is the signature of a lodatien  Smooth pointing solution

induced by a wrong reconstruction of the spin axis direation .

by a wrong estimate of the FSS phase. We first produce a smooth solution for the pointinﬁ,(ég and
Free parameters like the numierof signals used or the ¢°) by fitting the set{epi, dpi, ¢ili Using a chi-square mini-

tolerance on the angular distance between the signal andniigation. As the seta,i, dpi, ¢ili is irregularly sampled in

The analysis of phase firencesp*-¢ gives us the FSS
phase @set shown in Fid]9. The distribution of axial distanc
6, values of bright stars associated to intense signals sllesv

5.4. Star-signal matching algorithm
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time we obtain a generic interpolatiox(t); of the pointing so-

Fig.11. 2D hist howin' iati f phasesfeli-
lution through a decomposition of the form 9 istogram showin'g a variation of phasesie

ence between signals and associated stars with the sigia di
number.

() = )" au(t -t (5)
k

where eachU(t — %) is a generic kernel of the form this direction induces a modification of the coordinatesnd

smc(’g)e W centered at = fx. We choose the parameteto ©*. To first order, we have

optimize the representation of the low frequency companent

in X(t) ando. 0* = o*° + C11Adp + C12A6,P
The codficients{cy} are obtained from the minimization of { ¢* = 0*° + C21AGp + C22AG),.

the chi-square

X = Z (x5 — %) The codficientsc;; are known functions of,°, 6,°, 6*° and

i (]

¢r
leading to the following linear system Then Eq[b becomes
N
Ut - Ut — ) | o . . X2
; Z ! ! 2 tpi*o - (,D? + CglAa'p + 022A5p - Ag
= .
1

=inU(ti—f|) with kl=1,2,...,N
i

6
i

N (Qi*o -6 + C]_]_A(i’p + ClgASp )2

We solve this system for the three quantities of interest 7

ap(t), Sp(t), andg(t). .
To achieve convergence, we follow the same steps as the
o _ method described [03.5. We first calculate the correctiotien
Corrected pointing solution spin axis directiom\a,(t) andAd(t). This leads us to minimize

Once we have a first smooth solution for the pointing,&5 the quantity

and¢®) we compute corrections to A ,(t), Aép(t) andAp(t).
For th|s purpose we decompose these 3 quantities in terms of

kernel functions as in EQ] 5. We calby, Adc andApy the de- 5 @©F % = + Co1AGp + C22Ap g ;

composition cofficients forAa(t), ASP(t) and Ap(t) respec- X1= Z of ()

tively. In this case we consider high frequency terms to-opti o N ~ 2

mize the pointing solution. N (9i — 6 + culap + Cl2A‘5p) . (8)
The FSS dataseétyy i, 6p|, ¢i}i can be rewritten more ex- a-i"

plicitly as{api, dpi, @i, 6, @}, 6;}i. 6; is alinear function of the

diode number and §; are the coordinates of the star correThe phase correction is then obtained by taking

sponding to signal This set can also be expressed for the star

position in gondola frame coordinates, i, 6,i, ¢i, 0, ¢, 0*}i.

We can obtain an estimate of the pgﬁﬁtmgp correct|0|ns Iby cogp?— (cp, Pt CZlAawp +C22A3 P A‘P) . )

paring the reconstructed star positions with the pointiogip o

tion at the time of their observation.

e .2 . 5 The minimization ofy} and x5 leads to the iterative
V2= Z {(‘Pi - ‘Pi) N (Gi - Gi) } (6) resolution of two linear systems with free parameteag Ady
4
O—I

o? andApx.

I I
We notes! ando? the errors associated with the measure- In the above we have assumed that the photodiodes array
ments ofd andy obtained in the previous section. There ar@as oriented perpendicularly to the pointing directionisTy-
two sources of asymmetry betweefi ando?. The axial dis- pothesis can be verified by comparing the phase for the stars
tance coordinaté is directly measured by the FSS. The phaseith the phase of the FSS as a function of the diode number.
coordinate must be reconstructed, once the spin axis @irectThis comparison is shown on FIgJ11. We observe a phase shift
is known. The second source is geometric. A diode covers Which indicates that the photodiodes array is tilted aldmg t
arcminutes in the cross-scan direction by 7.6 arcminutasgal scan direction. Given the 1.8 m focal length of the parabolic
the scan. We use! = o- ando? = 20 mirror and a 1mm photodiode area along cross-can direction,
The star coordinateg* and6* in the gondola frame de- we find an inclination ot 3 degrees. The phase of each signal
pend on the spin axis direction. A variatiad, and Ad, in is thus corrected to take thiffect into account.
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5.7. Accuracy observations obtained at 15h36 and 18h427 UT hours to cross

We h £ two ind dent but | ; ¢ check the results. Saturn can be also considered as a point
€ have ol two Indepencent but complementary Ways of 8, cq 4t the Archeops resolution (apparent diameter of19 b

sessing the accuracy of the Archeops pointing reconsmnuctl17 arcsec)

A first estimate can be obtained from the distribution of co- '

ordinate dfferences between the signals and their associated

stars. Figurgl12 show the distribution of errors in the plaxe lanets in azimuth-elevation coordinates which corredgon

E?rl]:';tsipcael;zh:;; 2?:;36?22 fg\tgl igi?oﬁi[g:g (rj?ssplgptév e along-scan and cross-scan directions. These maps -are ob
white W((Je observeothat the axial distance coordinate hiisi‘lnt aihed by projecting the TO! data without filtering. To rersov

o . the zero level in these maps we estimate a baseline in the TOI
sically a better accuracy by a factor 2.5. Further, we naic

significant decrease of the errors for both the axial distamzl hich is then subtracted. The_latter 'S estlma_lted from & TOI
the phase where all the flagged data are interpolated using a consttain

_ . i realization of noise. The TOI signal obtained for planetesbs
We can also estimate the errors in the pointing reconstriiGiions is the superposition of two maiffects. First, the con-
tion via the Fisher matrix of the free parameters in the sc j

path fit described by EG.8 aiid 9. This gives us a continuta)\églu“on of the source sky signal with the beam pattern of the

timate of th inti hich | d to flag th otometric pixels. Second, the convolution of the bolaioet
es |ma]: € Oh. ﬁtﬁom I.ngt.errprbwdllc kls useH 0 ?tg Oﬁe ! ignal with the time response of the bolometers which is-char
?r:?sn;agrovr\: t;wce da(teapl;)z:\rc]j g](gzir:?ing ﬂgg rllf’r‘]’é ndisﬁ{slii:r:’ggmgjacterized by a time constant. Botffext are clearly visible in
torial coordinate dferences in Fig—13 shows that the attitudthe Jupiter map shown on the top panel of figl 14. The beam

fruction i hieved with better thaadds Sattern convolution widens up the point source signal both i
reconstruction|s achieved with an accuracy better thaa the cross-scan and along-scan directions. Texeof the time
1 arcmin in RA and DEC respectively, at therllevel.

response convolution appears as a tail in the map alongéine sc
direction.
: o . o In our analysis we first estimate the bolometer time con-
Fig. 12. From top to bottom, distribution of errors in axial dis- L X .
. : tants for each using in-scan profiles of the Jupiter or 8atur
tance - phase plane with 95% and 68% confidence levels il]n .
: ) . ap. Then we deconvolve the TOI from the bolometer time
white) before and after scan path fit respectively.
constant and recompute local maps as the one presented on the
bottom panel of Fig[_l4. From these maps, we characterize the

beam pattern of the photometric pixels.

For each detector, we start by computing local maps of the

6.1. Time response
Fig. 13. KS3 flight 95% end 68% confidence levels for err

(o) . . .
distribution in equatorial coordinates after scan path fit. é'l'l' Optical time constants estimate

The time response, TR, of the bolometers can be described by
the combination of two decreasing exponentials with tine-co
stantsr; andr;

TR)=(1-e) e/t yaet/m (10)
6. Bolometer response
with @ a mixing codficient to be estimated from the data.
As Archeops scans the sky at roughly constant speed, the

Fig. 14. Top: map of Jupiter for the 143K03 bolometerik effect of beam pattern and time response are degenerate in the

before time constant deconvolution. The map is represeénted!Ong-scan direction. In order to have the simplest possibl

the par and cross scan direction in arcmin. Bottom: As abgq?del, but that allows us to separate botfeets, we will
but after deconvolution from the time constant. assume that the beam pattern shape is symmetric along the

scanning directior?

The time constants are estimated fitting the Jupiter pro-

We describe in this section the reconstruction of tﬁges using ay* minimization for a grid of 3 parameters,

Archeops focal plane parameters for the KS3 flight. For thfg ande which are set in the range [1,10] ms, [10'190] ms
d[0,1] respectively. The profiles used are the 4 arcmissero

purpose we estimate the time response of the bolometé&ld

the optical response of the photometric pixels and the focgon average of local maps of the two Jupiter crossings. For

plane geometry on the celestial sphere. The focal planee%Ch set of parameters, we deconvolve the initial TOI froen th

reconstructed using planets observations. The brightest o' R(r1, 72,0). We then fit a Gaussian on the rising part of the

Jupiter, is observed twice at 16.5 and 21h00 UT hours angP€am profile and use a Gaussian with the same amplitude and

can be considered as a point source at the Archeops resoluti® Notice that for a constant angular speed tifee of the time re-
(apparent diameter of 45 by 42 arcsec). We also use Satspnnse convolution can be assimilated to a beam convolution
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sigma for the decreasing part. We do not account for the higltel.2. Estimate of the bolometer time constant from
part of the beam shape that can present several maxima (es- glitches

pecially multimode ones) by fitting only the lower 80% of the _ .
profile data. The time response of the bolometer can also be estimated us-

ing the signal from cosmic ray glitches with short time camst

We compute the minimum of the? in the (r1, 72), (1, @)  (see Sec[414) which hit directly the bolometer. To a verydjo
and (r2, ) planes. The best-fit parameter values are obtainggproximation, for these glitches, the signal is just thevotu-
from the average of the two maxima obtained for each parafign of a Dirac delta function with the bolometer time respen
eter. By integrating the surface we obtain directly theetror and the sampling kernel and therefore they have all the same
bars. Ife is compatible with 0 within &, we re-compute the shape. A template of this can be obtained by piling up alltshor
estimation ofr, using a single time constant model to reducglitches in the data after common renormalization both in po
the error bars. sition and amplitude. We can then fit to this template theklit

Figure[IH shows one of the Jupiter map profile for tH&0de! (EQLH) to estimatesnon. Notice that only a few glitches
217K04 bolometer before (in red) and after (in black) deceny@ve an additional significant long time constant preveyis
lution from the bolometer time response. The tail in the feofii"OM reconstructing an accurate template.

due to the time response is clearly suppressed after deleenvo FigurelI6 shows in black the glitch template computed for
tion. the bolometer 217K01. In red we trace the best glitch model fit

for it, corresponding to a time constant 0874 0.11 ms.

Fig. 15.217K04 Beam profile on Jupiter before (in red) anfig. 16. Glitch template for the bolometer 217K01. A single
after (in black) deconvolution of the two time constants € time constant model have been fitted to the data. For the best

55719 ms,a = 0.48'3%% andr, = 3838389 ms). fit, traced in red, the time constant i8% 0.11 ms.

In Fig. [I2 the values ofrghort Obtained from the fit of
glitches are compared to the shorter optical time constant
estimated using Jupiter (Téb 4). These are compatible mithi

bolometer| mi(mg @ T2(M9 1o for a large number of detectors. The observed discrepancies
143K01 6-87f§1é§ 032508 | 6216'535; may be due to the intrinsic degeneracy between time response
143K03 | 5985 | 000 - and beam pattern and the way we break it. Equally, we can
143K04 | 7.36 509 | 020%0;0 | 2184%;5, imagine diferent time delays in the detector response depend-
143K05 | 6.917082 | 025008 | 214953 . f .
143K07 6'23;3333 0 6808 554 ing on where exactly the glitch hits.

CP_085 : i ;

143T01 | 4,940 0.00 ) The second time constantgsng and r, differ by at least

217KO1 6.075{32 03800 | 23207, one order of magnitude. The long time constant measured on
: ) - glitches can be interpreted as a longer thermal link fockyés

217K02 | 55719 | 0,00 ches can b _ _ _
217K03 | 0.52r220 0.00 which hit the immediate surrounding of the bolometer and wil

0.52 j
217K04 | 55708 | 04850, | 3838735 not be considered in the following. By contrast, the secqnd o
217K05 | 5817053 | 0.00 - tical time constant,, must be taken into account to accurately
217K06 | 7.04'02% |  0.00 - deconvolve from the bolometer time response.

217704 | 657981 | 0.00 -
217706 | 0.00°%% | 0.00 -

353K01 | 22812 | 0.00 - 6.2. Optical response
353K02 | 1.17:1%9 | 0.00 -
353K03 | 22619 0.00 . 6.2.1. Beam pattern model

353K04 | 214987 | 000 - . .
353K05 | 379085 0.00 i After deconvolving the Archeops TOI from the bolometer time

353K06 | 325705 0.00 i response, we reconstruct local maps of Jupiter to estirhate t
SABKOL | 0.28'024 0.00 - beam pattern shape. The beam patterns for the Archeops pho-
Table 4.Bolometer time constants for the Archeops KS3 flightrglrﬂteirt:gdrgxse;tzz]psp?;|tct)h2ezis7y2mftggtglcga:glgﬂlta;Ic;(tgl’
217K02 and 217K05 and the two 545GHz detectors).
We model the main beam shape for each photometric pixel
using theAsymfastmethod, described |n Trisiram et al. (2004).
In Tab[34 we present, for each of the Archeops bolometemis method is based on the decomposition of the main beam
the values of;(m9, @ andry(m9 obtained from the analysis of shape into a linear combination of circular 2D Gaussians Thi
the Jupiter profiles. The analysis of the Saturn profilesipgess allows us to accurately and simply represent asymmetrimbea
consistent results. and to convolve full sky maps with them in a reasonable
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Fig. 17.Comparison between glitch and Jupiter short time constimates.

amount of time. This is of great interest when producing sim- Bolometer fwhm [arcmin] e Modes
ulations to estimate the beam transfer function in the sphler 143K01 11.0 0.76 S
harmonic plang(Tristram et al. (Z005b)). 143K03 11.7 0.74 S
The Archeops main beams have been modeled using up to 143K04 10.9 0.85 S
. . . 143K05 11.9 0.78 S

15 Gaussians. The residuals after subtraction of the moutal f

he Jupiter local maps are less than 5%. Fidude 18 shows an 143K07 1.7 0.80 S
the Jup . b . - S 143701 10.2 087 S
example of this multi-Gaussian beam modeling for the photo- 517KOL 120 072 S
metric pixel 143K03 using 7 circular 2D Gaussians. From top 217K02 11.8 0.73 S
to bottom and from left to right we represent the beam pattern 217K03 17.5 0.99 M
shape from the Jupiter local maps, its multi-Gaussian fi, th 217K04 15.9 0.75 M
residuals and the histogram of the residuals (black lineg T 217K05 11.3 0.79 S
latter are shown to be compatible with Gaussian distributed 217K06 151 0.72 M
noise (red line in the figure). 2177104 14.0 0.65 M
217T06 15.2 0.80 M
353K01 11.9 0.78 S
. . 353K02 12.0 0.79 S
Fig. 18.From top to bottom and from left to right, for the photo- 353K03 11.9 0.78 s
metric pixel 143K03, the beam pattern map from Jupiter 353K04 12.0 0.77 IS
observations, its multi-gaussian decomposition usings@D 353K05 12.1 0.71 S
Gaussians, the residuals and their distribution which nspzat- 353K06 12.2 0.72 S
ible with Gaussian distributed noise (red line). 545K01 18.3 0.68 M

Table 5.Resolution in terms of the FWHM and ellipticity of the
beam pattern for the Archeops photometric pixels in the KS3
flight. See text for details. The optical mode of the bolomreete

The resolution for each of the photometric pixels has pelshindicated in _the last column: S for single mode bolometers
estimated from a 2D elliptical Gaussian fit to the local bea@'d M for multimode bolometers.
maps from Jupiter observations. The FWHM values given in
Table[® are the geometric mean value in the two directions. We
present as well the ellipticity as computed from the ratie bgcan) and elevation (across scan) coordinates. The Arsheop

tween the minor and the major axis. For monomode systefggal plane is about 2 degrees high and 2.5 degrees wide.
the beamwidth is about 11 arcmin. The multimode systems at

217 GHz and 545 GHz have larger beams with FWHL5 ar-

cmin. The 353 GHz beams are monomode but are by constrpgy, 19. Focal plane of Archeops reconstructed using Jupiter
tion illuminating a small part of the primary mirror to havegpservations.

clean polarized beams. A degradation of the beams has been

noticed in the KS3 flight compared to ground-based measure-

ments (which are close to thefiitaction limit) due to a slight

out-of-focus position of the secondary mirror after thesbra

landing of the KS2 flight.

No specific treatment have been applied in the data analysidP€escription and subtraction of systematics

tp account for far side lobes as from Planck optical modeIiZﬁ;1 this section we describe in details the main systemabcts
tion they are expected to be at the percent level. on the Archeops data as well as the methods and algorithms
used for their subtraction. Because of the circular Arclseop
6.2.2. Focal plane reconstruction scanning strategy the sky signal shows up on the data at fre-
guencies which are multiples of the spin frequency. This nat
The position of each photometric pixel in the focal planenwiturally leads to three distinct regimes in frequency. Fitisg
respect to the Focal Plane Center (FPC) is computed usimgy low frequency components at frequencies well below the
Jupiter observations. This then allows us to build the pognt spin frequency{ < 0.01 Hz) which are mainly due to/f-like
of each pixel using the pointing reconstruction as desdribe noise and systematics. Second, the spin frequency comfgonen
Sect[. In practice we use the relative positions of the 2D ¢{0.03 < f < 3 Hz) at frequencies which contain most of the sky
cular Gaussians of thssymfastiecomposition to estimate thesignal of interest. And finally the high frequency composent
center of the beam in focal plane coordinates.[E1§. 19 shiogvs ait frequencies much larger than the spin frequericy (0 Hz)
reconstruction of the Archeops focal plane in azimuth (glonvhich are dominated by detector noise.
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Fig. 20. Left column: from top to bottom, raw Archeops datau¥ (black curve) and reconstructed very low frequency drift
(red curve) for the 143K03, 217K06, 353K01 and 545K01 bolmrserespectively. Right column: from top to bottom, Archso
data inuV after removal of the very low frequency parasitic signalsthe 143K03, 217K06, 353K01 and 545K01 bolometers
respectively.

7.1. Very low frequency systematics ation of the air mass induced by changes in the altitude and
) the pointing elevation of the payload. As templates for #iis
Atvery low frequency the Archeops data are dominated by Sygzt we use the housekeeping data corresponding to measure-
tematics coming mainly from temperature fluctuations of thents of the altitude of the balloon and the reconstructed el
three cryogenic stages at 100 mK, 1.6 K and 10 K and frofation of the focal plane. To compute the correlationfitoe
the variation of air mass during the flight due to changesen tRjents, we smear out and undersample both the Archeops data
balloon altitude. The left column of FifL 0, from top to botyng the templates and perform a linear regression. The final
tom, shows the raw Archeops data for the 143K03, 217K0&iimate of the spin frequency systematics are obtained fro
353K01 and 545K01 bolometers in the period from 14h00 {fe pest-fit linear combination of templates. The left caum
29h00 U_T tl_me. We observe a very _Iov_v frequency drift in thg¢ Fig.[Z1 shows from top to bottom, the Archeops dataVh
dz.;\ta which is very well correlated WI'FhIn bolometers and;als(mack curve) and the reconstructed spin frequency systema
with the low frequency components in the housekeeping d&ta (red curve) for the 143K03, 217K06, 353K01 and 545K05
from thermometers placed at each of the cryogenic stages ggthmeters respectively. We observe that at the low freggen
with measurements of the altitude of the balloon. channels the dipole contribution (exactly at the spin fezty)

This drift is removed via a decorrelation analysis using a®minates while at the high frequency the atmospheric emis-
templates the housekeeping data described above and a §idh is much more important and dipole becomes negligible.
order polynomial defined in the time interval of interest. To  The spin frequency systematic estimate is then filtered out
Compute the correlation ciiients we first smear out and Un'in the range of frequency of interest’ low passed to remowe ve
dersample both the Archeops data and the templates, and theR frequency drifts in the templates and high pass to reduce
we perform a linear regression. A final estimate of the drifhe noise in the templates, and subtracted from the Archeops
is obtained from the best-fit linear combination of the temtata. The right column of Fif21 shows the Archeops data for
plates which are previously smoothed down to keep only the four bolometers before and after subtraction of the fspin
very low frequency signal. In the left column of Fig.120 weyyency systematic estimates. After subtraction we cleztrly
overplot in red the reconstructed very low frequency doft f serve at all frequency the Galactic signal. This shows up as
the four Archeops bolometer. In the right column of the figheaks at each revolution and of increasing amplitude with in
ure we show the Archeops data after subtraction of the IWeasing frequency channel. This is better shown on[Ely. 22
drift estimate which reduces the signal amplitude by a fact@ghere we represent the power spectrumuivVHz of the
of 50. Although the decorrelation procedure is vefijogent, Archeops time ordered data before (black curve) and after
we can still observe a correlated low frequency parasigoai (red curve) subtraction of the spin frequency systema#its.
between bolometers. To avoid the mixing up of the bolomez3 and 217 GHz the dipole contribution appears clearly as a
ter signals at this stage of the processing of the data, this geak at the spin frequency before subtraction. After setita
fectis considered within the map making pipeline describedyye clearly distinguish the Galactic signal which dominéte t
Sect[ID. spectrum at 353 and 545 GHz.

Beside the atmospheric signal which is correlated to tem-
plates there is a residual parasitic atmospheric signa.lat
ter can be qualitatively reproduced by simulating turbtiben
The Archeops data at the few first multiples of the spin frenospheric layers drifting across the Archeops scanningibea
quency are particularly important. They contain the large aTypical gradients of half a mk; over 10 degrees azimuth are
gular scale signal of the sky whose mapping is one of the maihserved at 545 GHz with an evolving period of 1000 seconds.
purposes of the Archeops experiment. At these frequenties i
addition to the CMB anisotropies and the Galaxy, two mai
components can be identified, the CMB dipole and the atm

SpheriC emission. Although the former is critical for thé&lwa- The Archeops data present’ at frequen(_ﬁes 5 Hz, parasitic
tion of the Archeops data at 143 and 217 GHz (see §€dt. Qblse which shows up on the time domain as noise bursts which
for this analysis we consider both of them as systematics. are neither stationary nor Gaussian. In the Fourier plaise th
As above, we perform a decorrelation analysis to rearasitic signal is observed in the form of well defined cor-
move these parasitic signals. A template for the dipole ielated structures or peaks. This parasitic noise is v&gi
mKcmp IS simulated using the COBE best dipole solutiorelated to microphonic noise. Its contribution to the datsw
(Smootetal. (1991)) and the local velocity vector during thsignificantly reduced in the KS3 flight with respect to the KS1
flight. The atmospheric contamination is mainly due to thie-vaflight by increasing the distance between the payload and the

7.2. Spin frequency systematics

g._s. High frequency systematics
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Fig. 21. Left column: from top to bottom, Archeops data iV (black curve) and reconstructed spin frequency systemati
(red curve, including the CMB dipole and atmospheric eroigsfor the 143K03, 217K06, 353K01 and 545K01 bolometers
respectively. Right column: from top to bottom, Archeopsada uV before (black curve) and after (red curve) removal of the
spin frequency systematics for the 143K03, 217K06, 353Kaill545K01 bolometers respectively.

Fig. 22.From left to right and from top to bottom power spectrunuWivVHz of the time ordered Archeops data before (black
curve) and after (red curve) subtraction of the spin fregysgstematics for the 143K03, 217K06, 353K01 and 545K0 et
ters.

Fig. 23.From left to right and from top to bottom power spectrunuW v/(H2) of the low frequency processed Archeops data
before (in black) and after (in red) decorrelation from thghHfrequency noise for the 143K03, 217K06, 353K01 and 54bK0
bolometers respectively.

spinning motor. The latter was placed far away in the fliglparameters of the method, ile N, results from a tradefb:
chain with no rigid link between them. Fig123 shows in blacke want to minimize the parasitic power in the TOI spectrum,
the power spectra of the Archeops low frequency procesdad we also want that the CMB signal remained fiieeted by
data for the 143K03, 217K06, 353K01 and 545K01 boloméhe process. Simulations leads to a best choice of parasneter
ters. Structures around 15, 22, 40 and 50 Hz are clearlylgisilh = 32768 samples and = 32 to get a CMB power reduced
in the power spectrum. We can also observe a peak at 28.50ydess than 1%.
in the power spectrum of the 353K03 bolometer data. In Fig. [Z3 we plot the power spectra for the bolometers
These structures are also observed on the power specta#8K03, 217K06, 353K01 and 545K01 before and after sub-
of the data from the focal plane thermometers and from thraction of the high frequency parasitic signals. We obsérat
blind bolometer. Moreover, they are in phase correlatethén the parasitic signal is significantly reduced in particuathe
temporal domain, with the bolometer ones. This fact allowswest frequencies. However for most of the bolometersrdou
us to dficiently remove this parasitic noise via a decorrelatiofD Hz the processing althougfiieient in removing the system-
analysis in the Fourier plane using as templates the hoapekatic efect is not satisfactory (residuals are much larger than for
ing data for the focal plane thermometers and the blind belontower frequencies) and therefore in the following the Argbe

ter. TOls are high pass filtered at 38 Hz before any scientific anal-
Assuming a linear model we can write the Fourier trangsis. We also observe that, in some of the bolometers very wel
form of the parasitic signal for the bolometieas Bipa'(v) = localized peaks in the spectrum are not removed in our psoces

Fi(v) x T(v) whereT represent the templates described abovdese peaks are manually characterized and the signaliat the
andFi(v) is a frequency dependent correlation fiméent. As frequencies is removed in the Fourier domain for all Arcteeop
the parasitic signal is both well localized in time and in-frebolometers.

quency, we perform a regression analysis in the Fouriereplan

using the windowed Fourier transform over time intervals of ] ] ]

size L in order to compute the correlation dbeient F;(y). 8- Data quality checks and noise properties

To maximize the fficiency of the algorithm and to limit the a5 giscussed in the previous section the Archeops data are af
subtraction of sky signal which may be accidentally cotesla focted by parasitic microphonic noise at high frequencies a
with the templates we apply the decorrelation analysis anly py, other unidentified systematics in the whole frequencgean

a few predefined frequency intervals where the parasititsig None of them are neither stationary nor Gaussian and their
dominates. Further to obtain a robust estimate of the @irelontriputions vary significantly among bolometers. In tgs-

tion codficient we average it ovel time intervals so that for (o we briefly describe how we performed the selection of the

each of the frequency intervals it reads best bolometers, in terms of level of residual systematics a
N1 SK/. \ic of noise properties, which are used for the constructiomef t
Fi() = 2o BT () (11) Archeops sky maps presented in SEct. 10.
()= 1~ -~ "7

o B0 )
wheref represents the Fourier transform of functifin 8.1. Time-frequency analysis of the Archeops data

The estimate of the high frequency parasitic noise is th&e have performed a time-frequency analysis of the Archeops
subtracted from the data in the Fourier plane. We repeat theta using the Discrete Wavelet Packet Transform (DWPT) as
analysis for each of the available templates. The choichef tdescribed i Macias—Pérez & Bourrachot, (2006). The efip |
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Fig. 24. Left column: from top to bottom, time-frequency represéntaof the 217T04 bolometer data and of the expected
Galactic signal for it. Right column: same for the 217K04dokter.

Fig. 25. Top Average wavelet power spectrum iV of the ing function,o(t), which account for the time variations of the

TOD of the 217K04 Archeops bolometer as a function &owgrspectrum. ]
frequency computed from its DWPBottom: Time evolution FigurelZ5 shows on the top and bottom panels the time av-

of the power spectrum of the TOD of the 217K04 Archeo;fsraged wavelet spectrum and thé) function respectively for
bolometer computed from its DWPT. the noise of bolometer 217K04. On the top plot we can clearly

distinguish the increase of noise power with frequency whic
is due to the deconvolution from bolometer time response. On

panel of figurd2¥ shows the power distribution in the timdbeor(t) function, there are two distinct regimes corresponding
frequency plane for the data of the 217T04 bolometer. At loffjSt to a fast cooling of the cryostat in the first two hours and
frequency and because of the particular scanning strategyten to a roughly constant temperature of the focal plane dur
Archeops, we can observe spikes and some broader structiffg@ghe last 10 hours of flight. Notice that our estimate(t) is
which correspond mainly to Galactic signal. This is clear/joiSy and therefore for further processing we generallyatmo
shown by the bottom plot where we trace the expected GaladtidVe can also observe variations eft) above the noise limit
signal for this bolometer. Also at low frequency we distinfor the secondregime, that, although small with respedtdee
guish the atmospheric residuals and thé-like noise on the N the first two hours of flight, need to be taken into account in
bolometer. We can further observe from 20 to 40 Hz structur@ly further processing.
which vary on time being particularly strong around 21h00 UT
time. These structures are residugls, after subtrac;tibtheo 8.3. Gaussianity of the noise
high frequency systematics described before. Notice that t
level of systematics is significantly larger than the higé- fr Up to now, we have only considered the power spectrum evo-
quency noise making this bolometer useless for scientifie plution to define the level of stationarity of the data. To be
poses. complete in our analysis we have first to characterize the
On the top right panel of figule R4 we present the timé&aussianity of the noise distribution function and secand t
frequency analysis of the 217K04 bolometer. As above, we cameck its evolution with time. In practice and to reduce the u
clearly distinguish at low frequencies the Galaxy contiitou certainties in the analysis it is more convenient to prodeed
whose template is represented in the bottom right panel. \Widaer way around.
observe for this bolometer no intermediate frequency struc We have implemented a Kolmogorov-Smirnov test in the
tures as for the previous bolometer. The systematic cantritFourier domain to check the evolution with time of the noise
tion has significantly reduced by the high frequency subtradistribution function of each of the bolometers. Noticet tie
tion and the residuals are well below the high frequencyeoisntrinsic bolometer noise can be considered Gaussian toya ve
This simple but #icient analysis allows us to exclude frongood approximation and therefore any changes on the distrib
the further processing those bolometers which presengreittion function of the noise will indicate the presence of #ign
strong or highly time variable systematic residuals. Tgf}jc icant residuals from systematics. We work in the Fourier do-
the Trapani bolometers presented a large amount of contamain both to speed up the calculations and to isolate th&nois
ination and were excluded. We also realized that the noisighich dominates at intermediate and high frequencies, from
bolometers were in general morfexted by residual system-other contributions like the Galactic and atmospheric aligin
atics. We have performed the test in consecutive time intervals of
about 7 minutes which we compare two by two. We divided the
frequency space in bins of 1 Hz. The test is considered to fail
when the probability of having a greater Kolmogorov-Smirno
On the top panel of Fig—24, at very high frequency we can distatistics under the equal distribution hypothesis is thas
tinguish a slow decreasing of the noise power with time whids.
is the main cause of non stationarity in the Archeops data. The results of the test for the KS3 bolometers 143K03,
This is due, as discussed in Sdcf] 7.1, to the sudden increzakek06, 353K06 and 545K01 are shown on Higl 26. The
of temperature of the Archeops cryostat when takifigand white points represent failing intervals in the time-freqay
to its slow cooling down to the nominal value of about 95 miomain. Between 16h00 and 27h00 UT, the test is successful
during the flight. To account for this non stationarity we édavexcept for the lowest frequency bins@0 Hz), in which the
modeled the Archeops data as a time modulated-station@&glactic and atmospheric signals, which are neither Ganssi
wavelet procesd (Macias—Pérez & Bourrachot, (2006)gs&h nor stationary, dominate. We notice that elsewhere the eamb
processes correspond to a continuous generalization oé-pieof points where the test fails is no more than 1% of the total,
wise stationary processes. They are described by two main véhat is, exactly what is expected under the hypothesis of no
ables : the mean power spectrum of the data and a time vaige evolution of the distribution function. Moreover, théo

8.2. Long term non-stationarity of the noise
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not exhibit any clustering. Around 28h00 UT, the sunrise dnom a coadded map which at each iteration is improved by tak-
the gondola induces strong time evolution due to the heatiimg into account the noise contribution. From the recomrséu
of the 10 K stage. noise timeline we can then obtain for each bolometer both the
average noise power spectrum anddtf® function described
in Sect[B.P. Since the noise in the Archeops data can be con-
. sidered as Gaussian distributed (SECi. 8.3) these twoitjaant
Fig. 26. From top to bottom, results of the Kolmogorovyye enough to simulate noise timelines using the algoritten p
Smirnov test on the bolometers 143K03, 217K06, 353K06 a@dnted if Macias—Péerez & Bourrachot, (2006). The fake-tim
545K01 respectively. The white polygons correspond tarintgines can then be projected into maps for the estimate of the

vals in the time frequency plane where the test is consideredhpise angular power spectrum. In general a few hundreds sim-
fail (see text for details). ulations are needed to obtain a reasonable estimate.

8.5. The best bolometers

In the range from 16h00 to 27h00 UT, as the properties Bfom the above analysis of the Archeops noise we have chosen
the distribution function does not vary, we can globallydstu for each frequency band those bolometers for which the +esid
the Gaussianity of the noise. For this purpose we have impigl systematics are well below the noise level. For the CMB
mented a simple test in the Fourier domain by fitting a Ganssiehannels at 143 GHz and 217 GHz the selected bolometers
to the histogram of the cdiécients of the Fourier decomposi-(143K03, 143K04, 143K05, 143K07, 217K04 and 217K06)
tion of the time ordered data which were binned in 1 Hz integorrespond to the more sensitive ones going from 94 to 200
vals as above and computing th& value for the fit. We con- ;K sV/2. At 353 GHz the bolometers were all of similar quality
sider the test to fail if for Gaussian distributed data thababil- and we keep all of them. At 545 GHz only one bolometer was
ity of having a greater reducgd that the one measured is sigavailable, 545K01.
nificantly below 5 %. FigurE227 shows the results of the test fo
the KS3 bolometers, 143K03, 217K06, 353K06 and 545K0§. Calibration
We trace the reduceg® as a function of the frequency bin. In™"
dark and light blue we overplot theg? values for which the We describe in this section the global absolute calibragiot
probability of having a larger one considering a Gaussian dintercalibration of the Archeops data. The former is perfed
tribution are 95 % and 5 % respectively. The reducie® mea- using three dferent types of calibrator : the CMB dipole, the
sured are almost everywhere below or around the 5 % limit, é@alaxy and the planets Jupiter and Saturn. At low frequencie
ceptin the first frequency bin where the Galactic signalhlyig (143 and 217 GHz) the dipole is the best absolute calibrator.
non Gaussian, dominates. We can therefore consider that Aiénigher frequencies we need to use the Galaxy because the
data are in a first approximation compatible with Gaussyanit dipole signal is too faint with respect to the noise and syste

atics.

8.4. Noise power spectrum estimation and simulations

We have performed noise simulations, which we call cor‘?—'l' CMB dipole

strained realizations of noise, to fill the gaps in the data. At low frequencies, the CMB dipole is a very good absolute
this case we use a simple algorithm. First, we reconstrect ttalibrator [Piakt al.(2003), [Cappeliini et al. (2003)) and
low frequency noise contribution via interpolation withime therefore it constitutes the primary absolute calibratbthe
gap using an irregularly sampled Fourier series. Finally, wArcheops data. Here we use the total dipole which is the sum
compute the noise power spectrum locally (in time intervatd the solar dipole (constant in time) and the Earth induced
of about 1 hour around the gap) at high frequency and thdipole (with annual variations due to the Earth change of
we produce a random realization of this spectrum. Notice thaelocity) computed at the time of flight. Indeed, the dipole
we are only interested in keeping the global spectral ptagser calibration has the following advantages: 1) the dipole is
of the data. Moreover, the gaps are in general very smallspread over the all sky and thus it is always present whatever
time compared to the piece of the data used for estimating the pointing, 2) it is much brighter (typically a factor of @0
power spectrum and therefore this simple approach is aiecuithan the CMB anisotropies, but still faint enough so that
enough. non linearity corrections are usually not needed, and finall
3) it has the same electromagnetic spectrum as the CMB
For the first estimate of the CMB angular power spectruanisotropies so that no color corrections need to be applied
with the Archeops datd (Benoit et al. (2003a)) we needed &he only drawback is that we must assume a constant response
accurate estimate of the noise angular power spectrumhisor for the instrument throughout a wide range of angular scales
purpose, we have estimated the time power spectrum of itee an extrapolation fronf = 1 to 1000. The dipole being
noise for each of the Archeops bolometers using the alguorittan extended source we need to account for the beam and the
described i Amblard & Hamilton (2004). This algorithm respectral transmission of each of the detector to generate th
lies on the iterative reconstruction of the noise by sultingc point source calibration.
in the TOD an estimate of the sky signal. The latter is obthine
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Fig. 27.From left to right and up to bottom, maximum reduged97 d.o.f) of the Gaussian fit of the histogram of the Fourier
codficients of the Archeops data for the 143K03, 217K06, 353K@b65#bK01 bolometers respectively. In dark and light blue
we overplot the? values for which the probability of having a larger one cdesing a Gaussian distribution are 95 % and 5 %
respectively. (see text for details on the analysis)

In the Archeops case, the dipole signal is expected ttee COBE satellite, is a scanning Michelson interferometer
contribute only to the fundamental rotation frequerfgy,. that has provided low-resolution spectra in a low (2 - 20
However, the drift of the rotation axis during the flight lsad cm™) and high (20 - 100 cmi) frequency band, for 98.7%

a broadening of thés,in dipole contribution which needs to beof the sky. For individual pixels, the signal-to-noise oatif
taken into account. Furthermore, as discussed in[Sekbthe, the FIRAS spectra is about 1 at high Galactic latitude and
signals show up at the spin frequency including both Galacti50 in the Galactic plane. The FIRAS maps used here were
and atmospheric signals. To account for these, we compaite thtained by fitting each FIRAS spectrum using a modified
total dipole calibration cdficients from the correlation analy-Black Body with av® emissivity law and extrapolating the fit
sis described in Sedi_T.2. We actually produced templdtesab Archeops frequencies. Since we are searching for the best
the Galactic emission using extrapolation of the dust domiss representation of the data and not for physical dust paemet

to the Archeops frequencly (Finkbeiner et al (1999)) and temwe restricted the fit to the frequency range of interest (this
plates for the atmospheric emission using the housekeepavgids the need for a second dust component, of the type
data from the altitude and elevation of the balloon. The temroposed by Finkbeiner et al (1999)). The FIRAS brightness
plate for the total dipole in time domain was obtained by deprmaps are then converted to photometric maps with the flux
jecting, using the Archeops pointing, a simulated CMB d#pokonvention of constant, . To be compared to the FIRAS maps
map for which the dipole amplitude and direction were takeand to maintain the best possible photometric integritg, th
from the WMAP results/ (Bennett et al. (2003)). The left panélrcheops data are convolved by the FIRAS beam and put into
of Fig.[Z8 shows the simulated total dipole map in Galacttbe FIRAS Quadrilateralized Spherical Cube (QSC). At this
coordinates for the Archeops coverage and centered in tiage, we have Archeops maps at the FIRAS resolution that
Galactic anticenter. On the right panel we plot the Archeopan be directly compared to the FIRAS maps at the Archeops
reconstructed CMB dipole for the 143K03 bolometer. We olfrequencies to derive the Galactic calibration factors.

serve a very good agreement between the two maps but for

some stripes when crossing the Galactic plane and onth&Nort Due to its high signal-to-noise ratio and its extension, the
at high Galactic latitude. Galactic plane is the best place to derive the calibratiotofs.

Indeed, the CMB dipole is detected with a signal to noid#fe compute Galactic latitude profiles of both majps € 30°)
better than 500 for 12 hours of data on the 143 and 217 GHizselected longitudes and perform a best straight-lineofit t
channels. The errors on the dipole calibrationfioients come the Archeops-FIRAS profile correlation from which we derive
mostly from systematicfBects. We produced several versionthe calibration factor and its error bar. An example of this fi
of the calibration cofficients by changing the templates usei$ shown on FigiZ29 where we observe a linear correlation be-
in the fit. We noticed that the result is very stable with respetween the Archeops and FIRAS profile intensities. The whole
to even the most extreme cases. From those tests, we cancaéibration process gives calibration factors with stiiéd
duce that the overall uncertainty é) is 4 % (resp. 8 %) for errors of about 6 %. Details on the whole calibration process
the 143 (resp. 217) GHz photometric pixels. The larger uncere given can be found jn Lagache & Douspis (Z2D06).
tainty for the 217 GHz channel reflects the spectrum of the
atmospheric contamination. Notice that the dipole catibra
is performed at the early stages of the analysis before remov
ing the spin frequency systematics (see sedflon 7). When &jg. 29. FIRAS/Archeops Galactic profiles correlation on the
plied to the 353 GHz channel, there is a residual contamin&plactic plane (bolometer 353K01 at 353 GHz). Fitting a
at the same level as the dipole. Considering the 545 GHz chatfaight-line gives the calibration factor.
nel in the analysis can help in this case and allows finding the
dipole calibration coficient at 353 GHz in agreement with the
Galactic calibration cdécients within 20 % as described be-

low. Our procedure has been extensively tested. We have

applied the calibration scheme to the comparison betwesn th
9.2. The Galaxy FIRAS and DIRBE data at 140 and 24fh and found results

in very good agreement with those pf Fixsen et al (1997).
At high frequencies 353 and 545 GHz, the Galactic emissidve also tested our procedure on {he Finkbeiner et al (1999)
has to be used to calibrate the Archeops data. The best dataps, although these maps exclude the Galactic plane below
in term of spectral coverage and absolute calibration aosr |b|=7°. We obtain gain dferences which are less than 6%
are the FIRAS spectra (Mather et al. 1890). FIRAS, on boaadross the Archeops frequencies. We also used Archeops maps
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Fig. 28.From left to right, simulated and reconstructed CMB dipolgps for the Archeops 143K03 bolometer centered at the
Galactic anticenter. To reconstruct both dipole maps thelthes have been band pass filtered. This introduces disadies
on the maps due to the scanning strategy.

obtained using dierent low-frequency filters to test th&ect cies between the Jupiter calibration and the dipole caldora
of the filtering on the calibration. We found that it modifieget as shown on Fid—31.
calibration factors by only3%.

Although the calibration on the Galaxy is less accurafég. 31. Comparison of the point source (Jupiter and Saturn)
for the low-frequency than for the high-frequency chanméls and dipole calibration factors. The error bars are about #&6 a
Archeops, we compare the CMB dipole and Galaxy calibrati@o for calibration on the dipole at 143 and 217 GHz respec-
factors on FiglZ30. We observe a good agreement between dtély and about 12% for the calibration on the sources (esse
calibrations, with a mean ratio of the calibration factawér tially due to the uncertainty of the thermal emission madel)
than 1.05 and all of them compatible with 1 within the &rror
bars. This clearly demonstrates the robustness of the metho
used for the extended emission calibration and the consigte
of the data reduction from TOls (dipole calibration) to maps
(Galactic calibration).

9.4. Intercalibration

Fig.30. Comparison of the Galactic and Dipole calibration
factors (in mK/uV). The error bars (both statistical and sys-

Bolometer relative calibration{//uV) error (stat.)

tematic) are of about 4% and 8% for calibration on the dipole T43KO1 116 5 1%
at 143 and 217 GHz respectively and from 6% to 15% for the 143K03 1 )

calibration on the Galaxy. 143K04 1.63 2.3%

143K05 1.15 1.8%

143K07 1.39 1.9%

143701 2.06 2.3%

217K01 1.80 1.1%

217K02 1.72 0.8%

9.3. Jupiter calibration 217K03 9.09 2.5%

. o , 217K04 0.903 0.7%

We have also performed a point source calibration using the  217kos5 3.21 1.2%
measurements at the two independent crossings of the plan-  217k06 1 -

ets Jupiter and Saturn (5 times fainter than Jupiter). Fer th 217704 1.50 1.1%

purpose we proceed as follows: 1) We obtain the beam pat-  217T06 1.02 1.02%
tern shape from the Jupiter measurements after decormoluti 353K01 1 -

from the bolometer time response 2) We compute the flux ofthe =~ 353K02 113 0.68%

sources (intV) using pixel photometry up to a radius of 40 ar- 353K03 1.19 0.70%

cmin starting from the center of the beam pattern. 3) Finally gggigg 18(2) 8;82?

H H . . 0

we compare the fluxes to a model of the temperature emission 353K06 105 0.78%

of the sourceg (Moreno (1998)) that reproduces radio observ . —— . . -
tions of Jupiter and Saturn from 20 to 900 GHz. Taking inth@ble 6. Relative calibration cdécients and their relative sta-

account uncertainties on the model, absolute errors ort pdiatical errors from Galactic profiles at constant Galalditgi-
source calibration with Jupiter are estimated to-1€%. tude.

The ratio between Jupiter and Saturn flux measurements at
a given frequency does not depend on the absolute instrument
calibration. We find ratios of.97 + 0.016 and 102 + 0.020 at The polarization signal for experiments like Archeops is re
143 and 217 GHz respectively which are not compatible witonstructed, in a first approximation, from thetdiences be-
the one measured ky Goldinetal. (1997)8@B + 0.012) at tween pairs of bolometers (see SECL10.3). Therefore the ac
similar frequency (171 GHz). Due to the large brightness ofiracy on this reconstruction is very sensitive to the redat
Jupiter (about 1 k; equivalent brightness) we expect somealibration between bolometers. In the case of the Archeops
non-linearity on the bolometer response which could be tB83 GHz polarized channels, the absolute calibration on the
cause of this dference. This problem in addition to the uncerGalaxy presented above is not accurate enough for the di-
tainties on the knowledge of the beam pattern and in paaticutect reconstruction of the polarized maps. Thus, we have im-
of the far side lobes could also explain the small discrepgulemented a relative calibration algorithm based on therint
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comparison, for all bolometers in the same channel, of Galacl43 GHz, 217 GHz (unpolarized) and 353 GHz (polarized).

profiles at constant Galactic longitude. This algorithm&las The 1o statistical errors on the relative calibration ffio@ents

been applied to the unpolarized channels at 143, 217 GHz em@ at most 2.5% and always below 1% for the polarized

cross check of the absolute calibration analysis. channel. Error bars are smaller at high frequency becaese th
AssumingN bolometers per channel we can measiNe, Galaxy signal is stronger.

Galactic profiles as a function of the Galactic latituble,

sj(b) = a;3(b) + nj(b) 9.5. Overall sensitivity

where ¢ and nj(b) are the intercalibration céigcient and Using the observed response and white noise level of the
noise contribution for the bolometgrrespectively, and(b) bolometers, we can now estimate the gloléicency of the
is the true Galactic profile at the frequency of interest. Oinstrument during the KS3 flight. Tall& 7 gives the instrutmen
algorithm, which is based on g minimization constrained sensitivities in various units at the timeline level. Thlages
via Lagrange’s multipliers, estimate simultaneously th&rcheops within the best range of instrumental instantaseo
intercalibration cofficients and the mean Galactic profilesensitivities for millimetre continuum measurements. \ig® a
This algorithm is described in details on appendik A. Weompute the averaged sensitivity, quoted in Tab. 8, by uaing
have performed robustness test to validate the algorithm.total integration time of 12 hours and a total sky coverage of
particular we have checked that the results are fi@cted 30 %. In this case Archeops is not within the best experiments
by the choice of constraint and that the analytical erros bapecause the sensitivity per pixel is diluted by the largesciog
obtained for the intercalibration cfiients are reliable. area needed for reconstructing the large angular scaldseon t
sky.

Fig. 32. From left to right, Archeops Galactic profiles iy~ 10. The Archeops sky maps
at constant Galactic longitude respectively before argt dfie

¢ ) ) In this section we finally describe how we obtain submillireet
intercalibration for the 353 GHz bolometers.

sky maps from the Archeops timelines and pointing informa-
tion. First and prior to projection we remove low frequency
drifts on the Archeops timelines via a destriping algorithm

Then, these timelines are processed in thréemint ways to

The algorithm was applied to the Archeops data whigtoduce after projection: CMB, Galactic intensity and pola
were previously processed as described in the previous sggtion maps.

tions. The profiles were obtained by averaging the signat sam
ples within latitude bins. The errors are computed assumiar]:g .
that the noise is white, uncorrelated between bolometeis .1. Destriping

stationary. The noise of each sample is estimated fromreitl®/en after the subtraction of the very high and low frequency
data outside the Galactic plarib| & 25°) or high-pass filtered jdentified systematic féects from the data, we can observe
data above 10 Hz (where Galactic signal is negligible). R&suresidual stripes on the Archeops simple coadded maps. These
are very similar (dierences between the two methods are legfe mainly due to low frequency drifts in the data coming
than 3%, inducing negligible ffierence in intercalibration co- from atmospheric residuals and other thermal backgrounds.
efficients) in the two cases. Finally, care has been taken QBtice that there is no electroniq/ f. component because of
keeping the same sky coverage for all bolometers when cofile AC bolometer modulation scheme (see Jedi. 4.2). To re-
puting the Galactic profiles. move those drifts we have implemented a destriping algurith
For the polarized channel the presence of strongly poldrizggourrachot (2004)) making the assumption that the scannin
regions on the sky mayfi@ct the computation of the intercal-direction is generally not related to the orientation ofstreic-
ibration codficients. To avoid thiS, we prOCEEded in two Stepﬁjres on the sky To destripe we Compute alow frequency base-
First, we compute the relative calibration éogients and mean |ine in the timelines by minimizing the ratio between the rms
Galactic profile on the full common sky area for the six polajn the cross-scan and in the in-scan directions directiynfro
ized bolometers. Using these ¢beients we build polarization the time ordered data (no reconstruction of maps is needed).

maps and label strong polarized areas which are then extlugg represent the baseline we use a basis of localized fursctio
from the analysis. We then build again the Galactic profites ay, (t) where

recompute the relative calibration dbeients. After two iter-
ations, we observed that the estimates of the intercaildorat U (t)

sinc(%t) exp(— ﬁ;)

codficients are stable. We show on Higl 32 the results of thig,(t) = U(t - t,) (12)
analysis for the 353 GHz channel. From left to right we plot t, = kA,

the Galactic profiles before and after intercalibratiorpess

tively. We observe that the intercalibration is achievethve These functions are regularly sampled and contain only fre-
high degree of precision. guencies lower than/{2A).

Final results on the intercalibration déeients for the The minimization is performed outside the Galactic plane
Archeops data are given in Tdd. 6 for all the bolometers ater boxes with sizes relatedaqtypically a few tens of square
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Freq.(GHZ) Npol /JKRJ/HZ]'/2 ,\/l\]y/sryHZl/2 /JK(;MB/HZ]'/2 105)//HZ]'/2 ,LlKCMB.S]'/2

143 6 50 0.031 87 23 61
217 7 39 0.056 127 286 90
353 6 82 0.315 1156 132 817
545 1 7 0.702 9028 495 6384

Table 7. The Archeops KS3 in—flight timeline sensitivities per chanifhe best bolometers on each frequency channel are op-
timally combined Nyo) to obtain a sensitivity at the instrument level. From leftight the units correspond to a Rayleigh—Jeans
spectrum, then a constarlt, spectrum, and a CMB spectrum. Sensitivity to the 82ct is measured with the dimensionlgss
Compton parameter. To convert tarland to one second integration, we can simply dividew®: see an example in the last
column.

Freq.(GHz) Npo uKry MIystHz uKews 10y Jy

143 6 57 0.036 98 27 1.2
217 7 44 0.064 144 325 22
353 6 94 0.358 1312 150 121
545 1 87 0.797 10251 562 27.0

Table 8.The Archeops KS3 in—flight map sensitivities per channeg bést bolometers on each frequency channel are optimally
combined Nyoy) to obtain a sensitivity at the map level. A square pixel ofa20minutes is taken to compute the average 1
noise. KS3 flight roughly covered 30 % of the total sky, whiepresent 110,000 pixels. A bolometer has observed a pix@leon
map during an average time of 0.4 seconds.

Fig. 33. Left: Power spectrum of the time ordered data of the bolontetsK01 before (black) and after (red) destriping. Right:
Zoom-in of the left plot at first multiples of the spinning én@ency.

degrees). The cut on the Galactic plane is obtained froml@.2. Specific processing for Galactic maps
Galactic mask derived from Galactic template maps computed ) o
at the Archeops frequencies (using Finkbeiner et al (19993f-2-1. Atmospheric contamination

The algorithm is applied in steps of decreasin@#000, 1000, kqr producing Galactic maps from the Archeops data we need

500 and 300) to focus on fiierent frequency ranges. In anyirs; 1o remove the residual parasitic atmospheric noise Th
case, data at frequencies above 1 Hz are fiected by this gestriping algorithm described above, although vefficient
method. Prior to this process we generally apply a clasdal 4 frequencies lower than 1 Hz, can not fully eliminate iorr
striping algorithm based on the minimization of the varianq:ig_m we observe that the latter shows up on the power spec-
per pixel in the maps to produce a first approximation of thgm of the time ordered data as residuals at the spin fragyuen
baseline and in particular of the lower frequency compament, iipjes. This also produces two well defined structures, b

(below 0.7 Hz). tween 0.9 and 1.6 Hz, in the power spectrum. This is shown
We have applied the destriping algorithm to simulateah Fig.[33 where we plot the power spectrum of the TOI for
Archeops data at 217 and 545 GHz including correlated noibe 143K03, 217K04, 353K01 and 545K01 bolometers. Notice
at low frequencies and Galactic and CMB emissions. No bitigt the parasitic noise shows a common spectrum shapé for al
has been observed in the estimation of the Galactic sigonal. Fhe Archeops bolometers and that its total intensity insgea
the CMB the power is reduced by at most 5 %. The full davith the frequency of observation.
striping transfer function in the multipole space is presdiin To estimate this parasitic atmospheric noise and re-
Tristram et al. (Z005b). move it from the data we have used a modified ver-

An example of the application of the destriping procedufin of the MCMD-SMICA component separation algorithm
to the Archeops data is shown on Figl 33. On the left p(,mgi_)’elabrounle et al. (2008)) which can Wor_k dlrecjtly on tirme
we represent the power spectrum of the 545K01 bolomefi§red data. We have assumed a very simple linear model for
data before (black) and after (red) application of the digisty the Archeops timelines with three main components: Galacti
method. We observe that the noise is reduced significantly at
low frequencies and in particular the spectrum flattensthieur

we can observe from the right plot that power spectrum signgly 35 Power spectrum in arbitrary units of the parasitic-like

at the few first multiples of the spinning frequency are m”%mponent for the MDMC analysis of the bolometer 353K01
broader before destriping. We can conclude, by comparieg i, diferent time intervals.

353 and 545 GHz data, that this extra structures come mainly
from the atmospheric emission.
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Fig. 34.From left to right and from top to bottom MDMC decompositioitiee Archeops data at intermediate frequencies for
the 143K03, 217K04, 353K01 and 545K01 bolometers. The blalcie and red line correspond to power spectrum in arbitrary
units of the raw data, the parasitic-like and the Galadkie-tontributions respectively.

emission, atmospheric emission and Gaussian instrumesiateric signal is stronger at high frequencies and becaase w
noise. In the time ordered data the Galactic emission is weadkve only a single bolometer available. More detailed dpscr
relative to the noise. Therefore, to improve the convergaric tion and scientific analysis of these maps will be presemted i
the algorithm we have used as inputs, apart from the Archedpghcoming paper. In particular almost all (about 100)itle
data, fake timelines of Galactic emission extrapolatecht tfied point sources are Galactic and will be presented els@whe
Archeops frequencies from the IRAS maps using model 8 in

Finkbeiner et al (1999). Finally, to reduce the noise contri
tion we have restricted our analysis to the frequency rantZ)
from 0.03 to 2.5 Hz. The main results of this analysis for thg/hereas most of the preprocessing and noise subtraction
143K03, 217K04, 353K01 and 545K01 bolometers are prg- common to all channels, the 353 GHz polarized channel
sented in Figi-34. The blue and red curve are the reconstfucigguires additional specific treatments. The direction of
atmospheric and Galactic emissions. We observe that the ggrarization of the bolometers oriented mechanically ia th
constructed emission reproduces very well the two strestufqcg) plane has to be checked, as well as their polarization
on the power spectrum and also contributes to the multiplg§ciencies. Moreover, the map making algorithrfetis from

of the spin frequency. As we expect the atmospheric emissigft of temperature maps since it has to deal with non scalar
to vary with time we have performed this analysis foffel-  qyantities. Details regarding the map making algorithm e w
ent intervals. As shown in Fig. B5 the power spectrum of the; ihe final polarized Archeops maps at 353 GHz are given
atmospheric parasitic noise does not change significaetly N, Bengit et al. (2004). Previous to map making the TOIs are
ther in shape nor in intensity. From these results we have cfiocessed as above using the MCMD-SMICA algorithm to

structed a template of the atmospheric emission which is syBmove the contamination from atmospheric emission.
tracted from the data via a simple decorrelation analysgeas

scribed in Secfl?.

@-3. Specific processing for polarization maps

The reconstruction of the polarization directions of the
bolometers in the focal plane was performed during groufid ca
10.2.2. Galactic maps ibration. For this purpose, we built two wire grid polarigexf

10 cm diameters with the same technology as the one used for
The final Archeops Galactic maps, presented in Ei§. 36, amire chambers in high energy physics experiments. We used
produced in the Healpix pixelization scheme by simple céadd€w/Be wires of 50 microns, spaced by 100 microns on circular
tion of the previous processed timelines which are preWyousteel frames which was expected to produce an incoming ra-
band-pass filtered. The low-pass filtering allows us to beth rdiation at more than 98% at 850 microns (353 GHz). We built
move spurious high frequency noise in the data (see sddfiorait alignment mechanism that could hold one or both polaizer
and avoid aliasing on the final maps. The high-pass filteriog top of the entrance window of the cryostat, facing disectl
keeps frequencies above 0.03 Hz and to reduce ringing we fits focal plane. One of the polarizers could rotate at 1.5 rpm
mask the brightest Galactic regions and fit an irregulanyg-sa A 13.4 Hz chopper modulated the incoming radiation of a lig-
pled Fourier series truncated to the frequency of intefidst. uid Nitrogen polystyrene box used as a 77 K black body to
latter is then fully sampled and subtracted from the data. \Weable a lock-in detection. Once the lock-in and standaiskeno
produce individual maps for each of the detectors as well ssbtraction were performed, the rotating polarizer induae
combined maps per channel using the best available boloriés rpm period sinusoidal response for the polarized cHanpne
ters. from which the phase provided the direction in the focal plan

From top to bottom, Fid_36 shows the combined Galact@d the éset and amplitude the cross-polarization level. The
maps for the Archeops 143, 217, 353 and 545 GHz channe@sitions were confirmed to be nominal (30, 120, 150, 240, 90,
respectively. These are the first available large anguklesc 0) deg w.r.t. the scan axis up to the precision of the method
maps of the sky in this frequency range. The maps are displayghich was estimated to be 3 deg. The cross polarization, de-
in antenna temperature units and in Galactic coordinatés wiined as the ratio cross-Intengitp-Intensity was found to be
the Galactic anticenter at the center of the map. The Galad@pproximately 2%.
plane structure, including for example the Cygnus regiothen The absolute calibration of the polarized photometers was
right of the map and the Taurus region on the left, are cleapgrformed in the same way as for the other channels. The rela-
visible. Their intensity increases globally with frequgias ex- tive calibration was performed using the algorithm desatilm
pected for Galactic dust emission. At high Galactic lattsid Sect[TH. Actually, it was originally designed for the paded
the maps at low frequencies show no contamination from thkeannels. The only caveat was the possible systemfiécte
atmospheric emission. At 545 GHz we can observe some iaduced by a polarized Galactic component. A two step itera-
mospheric contamination. This was expected since the atrtion process was designed, the first of which consisted irgthe
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Fig. 36.From top to bottom: Galactic maps in antenna temperaturdnét43, 217, 353 and 545 GHz Archeops channels. They
are displayed in Galactic coordinates with the Galacti@anter at the center of the map.

Fig. 37.From top to bottom, power spectrum of the Archeogdsig. 38. Top Angular power spectrum of the simulated CMB
time ordered data before (black curve) and after (red cun@nal before (black line) and after data processing (bhe |
foreground removal for the 143K03 and 217K04 bolometefsr the 143 GHzBottom Transfer function of the data process-
respectively. For comparison, the bottom plot shows thegvowing pipeline for 143 GHz data.

spectrum of the 545K01 bolometer.

lof the st larized rei bef final relatid the form of peaks at frequencies which are multiples of the
movalotihe strong polarizedregions betore afinal relaiaie spinning frequency. Between 1 and 1.5 Hz we can distinguish

ibration on the non polarized parts of the Galaxy. This PSSCeq atmospheric parasitic structure discussed in $&c. 10.
ensured a relative calibration of the polarized detectetteb ) 1 "1 v instrumental noise dominates. The correla-

than 2%. More details can be foundin Benoit et al. (ZD04). tion codficients are computed via a simple regression analysis
using the bandpass filtered data. A linear combination of the
10.4. Specific processing for CMB maps. templates previously smoothed and multiplied by the carrel
tion codficients is removed from the data.
The first two upper plots of Fig—B7 show the results of

For reconstructing the CMB signal on the sky we need to rifle decorrelation analysis for the Archeops bolometer&083
move from the Archeops data the foreground contribution c@d 217K04 respectively. We plot the power spectrum of time
responding to the Galactic dust emission and the atmosphéidered data before (black curve) and after (red curve)rdeco
parasitic noise. Both of them have a rising electromagnefglation. For the 143K03 bolometer we can observe that the
spectrum with increasing frequency. Therefore they are sifaks in the spectrum are completely removed by the decor-
nificantly brighter in the Archeops high frequency channelgelation analysis but at frequencies lower than 0.2 Hz. The
The Galactic dust emission in the millimetre and submiliméame is found for the 217K04 bolometer. Further, we see that
tre range has a grey body spectrum with an emissivity Bfe atmospheric structures between 1 and 1.5 Hz are also re-
the order of between 1.7 and 2 (e Finkbeiner et al (1998)oved. The residual Galactic emission at frequencies lower
Bennett et al. (2008)]_Lagache (2003) for more details). {jan 2 Hz increases dramatically with decreasing frequency
slightly steeper index increasing with frequency is obedrfor  This seriously limits the size of the largest angular scale f
the atmospheric parasitic noise. which the CMB angular power spectrum can .be rgconstructed
We have developed a decorrelation algorithm to remo¥#§ing the Archeops data. Although the algorithm is veffy e
the foregrounds from the Archeops data. As templates of €Nt residual atmospheric and Galactic emission are éagec
foreground emission we have used the Archeops high fiB-the final Archeops CMB maps. A more detailed discus-
quency channel bolometers but also fake timelines of the &@n of these two issues is given[in Tristram et al. (2005) an
pected Galactic emission contribution to the Archeops ddtatanchortal. (2009).
to improve the ficiency of the algorithm. These fake time-
lines were produced in two steps. First we ex'grapola_ted th8 4.2 The pipeline transfer function
IRAS satellite data to the Archeops frequencies using the
model 8 of[Finkbeiner et al (1999). Second the extrapolatédr an accurate determination of the CMB power spectrum
maps were deprojected into time ordered data following théth the Archeops data we have to correct from the bias in-
Archeops scanning strategy. For the decorrelation arsabfsi troduced in the signal by the data processing. For this we hav
each of the low frequency (at 143 or 217 GHz) bolometeestimated the Archeops pipeline transfer function in mole
we used as templates the 353 and 545 GHz time ordered dspsce. Here we consider the full data processing but the de-
fake Galactic timelines corresponding to those data ancan striping for which the transfer function was discussed @bov
tra fake Galactic timeline corresponding to the decoreglat  For each of the Archeops bolometer at 143 and 217 GHz
bolometer. we have obtained fake Archeops CMB timelines. These were
To improve the #iciency of the decorrelation method weproduced from the deprojection, using the Archeops paintin
bandpass filter both the Archeops data and the fake Galastidution, of the same simulated CMB map. These CMB time-
timelines in the range 0.1 to 2 Hz where the atmospheric alinks have been converted into voltage units using the atand
Galactic emission dominate. This can be clearly seen on ttedibration coéicients for each bolometer and then filtered out
bottom plot of FigC3l where we represent the power spectrwmith the low pass prefilter (see SeEi4.1). Further, we have
of time ordered data for the bolometer 545K01. At low freadded, to each original bolometer time ordered data, the cor
quency we observe the Galactic and atmospheric emissionsdgponding fake CMB timeline and then saved them into files

10.4.1. Foreground removal
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the same way the true ones are. Finally, we have passed eaates discussed here were developed and implemented after
combined timeline through the full Archeops data pipeline bthe acquisition of the real flight data. This was mainly due to
through the destriping. Thefect of the data processing on thehe requirement of a large sky coverage in a short total iateg
CMB simulated signal can be easily obtained. First we sutien time (about 24 hours) which imposed a large-circles lik
tract from the combined processed timeline the correspgndscanning strategy with small redundancy and thereforemgaki
equally processed Archeops data. Finally, we reprojeafiifae systematic ffiects dificult to handle. Typically the data were
ference into a map. Comparing the CMB angular power spamntaminated by the large scale fluctuations of the atma&phe
trum of the simulated Archeops CMB signal before and aftemission and by the Galactic foreground emission. Becaluse o
data processing we obtain the pipeline transfer function.  these dfficulties we were forced to applyftierent processing
The top panel of Figi_38 shows the angular power speechniques to the data for each of the main scientific goals,
trum for the simulated CMB data before (black line) and aftdr) estimation of the CMB temperature anisotropies power
(blue line) data processing for one of the 143 GHz Archeoppectrum, 2) study of the Galactidllise emission and 3) esti-
bolometers. Dividing the one by the other we can estimate thmation of the polarized submillimetre emission of the Gglax
Archeops pipeline transfer function which is shown in thé boln particular, the destriping and filtering techniques jwas to
tom panel plot. We observe that the changes induced in fmjection on the sky were fierent for each pipeline leading
CMB signal by the data processing pipeline are smaller themdifferent output maps. A common general destriping, based
1%. Similar results are obtained for the other bolometers @it the assumption that the structures do not have preferred
143 and 217 GHz. Therefore, there is no need to account édrections on the sky, was applied to data in all pipelines. F
the pipeline transfer function when estimating the CMB ang€CMB maps, the low frequency channels were further decor-
lar power spectrum with Archeops (see Benoit et al. (2(03eglated from a mixture of the high frequency data, which are
Tristram et al. (2005b)). dominated by atmospheric and Galactic signal. For Galactic
maps, the atmospheric component was subtracted using a com-
ponent separation method on the timelines. For the potariza
pipeline simultaneous time and frequency filtering was ieplpl
The Archeops CMB maps were obtained by projection and
bandpass filtering of the foreground cleaned timelinesgusin  The processing and the instrumental setup were improved
the Mirage optimal map making code (Yvon & Mayet (2005)petween successive flights going from the Trapani test ftight
The data were low pass filtered at 30 Hz to remove spurioile latest Kiruna one. For example, after analysis of tha dat
high frequency noise and high pass filtered at 0.1 Hz to reduzfghe first two flights, we were able to reduce significantly th
the contribution from residual atmospheric and Galactigsemhigh frequency noise excess in the data by moving the sginnin
sions. We have produced both individual maps for each of thiyot motor higher up in the flight chain to dampen mechanical
selected best bolometers at 143 and 217 GHz, and combin#atations. A thermal dependency of the signal with the 10 K
naturally weighted maps for each of the low frequency chathermal stage was completely removed for the last flightr afte
nels. a complete clean-up of the corrugated back—to—back horns in
Figure[3® shows from top to bottom, the Archeops coneach of the Archeops photometric pixels. By contrast, beeau
bined CMB maps at 143 and 217 GHz. These maps are in longfithe wearing & of the instrument from flight to flight and the
tude rotated Galactic coordinates with the anticentereatéim- lack of time for a complete ground calibration, the instruine
ter of the maps. We represent them in CMB temperature unitgs not launched in a fully optimal configuration in the lates
Notice that close to the Galactic center and in particularbg Kiruna flight. In particular, we are aware that as a consegeen
the Cygnus region (right of the map) we can observe residuafsthe accidental landing during the penultimate campaign,
from the Galactic emission. However at high Galactic lakitu the telescope was slightly out of focus producing optical
neither atmospheric nor Galactic residuals are observed. Beams larger and more elongated than expected. To correct
CMB analysis [(Benoit et al. (20034d), Tristram et al. (20jp5bfor this asymmetry new specific processing techniques were
we use a Galactic mask to exclude the observed contaaéveloped.
nated regions. This mask is overplotted in blue on the fig-
ure. A detailed analysis of the properties of these maps and The processing of the Archeops data could not be per-
how they compare to those from the WMAP satellite is prédermed in a single linear pipeline. We needed extra pipsline
sented in a forthcoming papér (Patancibal. (2005)). Other to reconstruct the pointing information, compute basic in-
than CMB studies, these maps were used in combinatisihumental and observational parameters. For example with
with the WMAP data [(Bennetft et al. (Z003)) to study statigespect to calibration, we had to design dedicated pipeline
tically the Sunyaev-Zeldovichfiect in clusters of galaxiesfor each of the method used: dipole reconstruction, Galaxy
(Hernandez-Monteagudo et al. (2006)). dust emission, intercalibration, planet calibration. &
we have worked in independent pipelines to characterize the
instrumental response but also the data processing in toder
correct the bias introduced by thodgeets in the computation
We have presented in this paper the full processing of thé the CMB temperature angular power spectrum and of
Archeops data, from the raw telemetry to the final sky mapbe polarized dust power spectra. For this purpose we have
Despite intense preparatory work, most methods and procemputed the transfer functions in multipole space for the

10.4.3. Archeops CMB maps

11. Conclusions
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Fig. 39.From top to bottom, combined Archeops CMB maps for the 14324idGHz channels. In the Galactic plane region the
residual galactic emission is still visible but clearlyalipears at high galactic latitudes where the CMB studiepenfermed.

beam smoothing, the pipeline processing and the destripibg of great use for processing the Planck HFI data. In this
Further, we have produced very specific pipelines to remosense, the processing of the Archeops data was for us arlgarni
foreground contributions on the data for each of the sdientiprocess towards the analysis of the Planck HFI data. Agtuall
goals. Many checks were performed on the subpipeline levelsst of the preprocessing, decorrelation, deconvolutiomf
using simulated data. Complete end-to-end tests wdliewdt the bolometertime constant, beam pattern reconstructamse
to achieve because of the complexity of the problem and thgectrum estimation, destriping, calibration and powecsp
fact that the pipelines could not be gathered in a single one.trum estimation methods are currently being adapted to the
Planck data within the Planck HFI Level 2 data processing.

Archeops provides the first submillimetre maps of the sky Ve encourage interested parties to contact members of the
with large sky coverage, of the order of 30 %, at sub—degr‘g@he‘)ps collaboration to any specific scientific projecr (f
resolution and the large-angular scales of both the cMixample correlation with other data sets) using the Archeop
temperature anisotropies and the temperature and pdlarizadata-
diffuse emission from Galactic dust. Maps of the tempera-
ture difuse Galactic dust emission are available at the fopppendix A: Intercalibration procedure
Archeops frequency channels, 143, 217, 353 and 545 GHz. ] ] ) o
These are very useful maps as intermediate resolution pmdlyve describe here the details _of the |nt_ercal|brat|on praced
between the FIRAS and the expected Planck HFI mapbthe Archeops bolometers discussed in S&cl. 9.4.
(Bernard (2004)). Foreground-cleaned CMB maps were pro-
duced for the lowest frequency channels at 143 and 217 GW2 4. Modeling
using the information on dust and atmospheric emission
provided by the high frequency ones. These maps provide®fs formulate the problem as followssi(b), . . ., sn(b) areN
the first simultaneous determination of the Sachs-WolR$ofiles €.g.of the Galaxy), measured By different bolome-
plateau and of the first acoustic peak of the CMB anisotropité¥s;b stands for the Galactic latitude, and runs from BfG,
temperature power spectrufi (Benoit et al. (2003a)) ancemét the estimated profile, which has to be determined.
recently of the second acoustic peBK (Tristram et al. (2§)05b  We can write the estimated profile as :
By cqmbining those maps with the data from 'Fhe WMAFéj(b) = a;3(b) + nj(b) (A1)
experiment and the 2MASS catalog of galaxies we ob-
tained a local statistical detection of the Sfeet in clusters wheren;(b) is the noise in the bib of profile j and «; the
(Hernandez-Monteagudo et al. (2006)). In a forthcominggpa associated calibration cfigient.
(Patanchomet al. (2005)), an analysis of the level of anyfitise If we assume Gaussian white noise, we can writeythas
SZ emission will be presented, using the Archeops and WMAP
data in order to have a broad electromagnetic spectraldgeer N B (s (b .
Finally, I, Q andU maps of the polarized fluse emission ,72 _ ZZ (5i(0) — a;S(b))* (A.2)
of Galactic dust were constructed at 353 GHz combining the 4= £ oj(b)?
measurements from the six polarized sensitive bolometers.
These maps allowed us, for the first time, to characterize the With oj(b)? the noise variancén;(b)?) (we neglect noise
polarized difuse emission from Galactic dust in the Galactigorrelations between detectors).
plane|[Benoit et al. (2004)) and to estimate the polarineep
spectra of the cl_ifuse. Galactic dust emission at intermediat/glola Constraint
and high Galactic latitudep (Ponthieu et al. 92005)).

We notice that thg? is invariant under the following transfor-

The Archeops data are the first available data which pres8Htion :
very similar characteristics to those of the Planck HFIrimst (g (p) — g 5(b)
ment. This is because the instrumental configuration, thaiac { a — % (A.3)
sition system and the scanning strategy in Archeops andlan b
are very similar. There are few importantfdrences between  This degree of freedom is due to the fact that we can only
these two data sets as for example the presence of an atdeiermine the intercalibration ciieient up to a constant fac-
spheric signal in the Archeops data which would not be at &tir. We must choose a constraint on the parameters in order to
present in the Planck data and which is one of the most impoonverge to a unique solution of the equations.
tant systematics in Archeops. However, in many other aspect Let's choose a general relatiomy ({«;}, {S(b)}) = 0. Using
they are sfiiciently similar to consider that the techniques anithe method of Lagrange’s multiplier, we thus have to mineniz
methods applied for the processing of the Archeops data wile function
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SinceF is a positive definite matrix, it can be diagonalized,
with all its eigen values positive. Let’s call the change of
x° (lai} (3(0)}, 2) = x'* (feni}. {3(b)}) frame matrix, so thaF = M!DM, whereD is diagonal, and
+ g (i}, (S(b)}) (A.4) A® = MA®. M is orthogonal, so thavl-1 = M. The correla-
tion between two measurements will be given Rx®AG') =
with respect to{e;}, {S(b)} and 2. The conditions of mini- (M!'A®’A@'M) = MY{A®’A®YM. The central part is the cor-

mum lead to the three equations : relation matrix in the diagonal frame : it can be calculated d
) rectly to give(A®@’A®"y = D~1. We then deduce the corre-

)% - lation matrix in the original frame ¢A@A®Y) = M'DIM =

— =0 i, {S(b)}) =0 A5 ) T ;

o1 = 9 (i, (SO (A-5) (MIDM)~1 = F~1. All this calculation is made with the as-

sumption that the likelihood is very close to a Gaussianmaaou

n® _ _ZZ ai(s(b) ~ aiS(b)) L1299 o (A.6) its maximum. We will see in the following that it is the case fo
as(b) i oz a(b) our particular case.
In our particular case, the Fisher matrix F is dimenshs (
n _ZZ so)(s(b) —aisb) 99 _ (A7) B+1)x (N+ B+ 1), and we can compute it analytically for any
dai . o2 dai "/ constraing :
L _ . 10%2
Multiplying Eq. (&8) by S(b) and summing oveb, and SO - 0 (A.12)

multiplying Eq. [AT) and summing over we find thatt = 0
is the only solution. We thus find the two following relatians 1 %%  dg

ST T I (A.13)
5 a0 20208b) db)
_ I oj(b)? 2,2
o) = =0 (A8 10X _ 99 (A.14)
2 Wé,)z 200a; Oq;
J
1 9%2 N a’JZ
and = Sab (A.15)
wnt 2 G5(b)I) ; (@2
S 230 B}
ax = % (A9) 1 %* _ 2m3(b) - x(b) (A16)
2b 5 o7 2 55(b)da (D)2 :
whatever is the constraint. 1 3%y B ZB: S(b)? 5 (A17)
These equations can be solved by iteration : starting fropHq,ga; — £ 7y (b)? i '

any set of{a;}, we can calculat&(b) with Eq. [A8), and cal-
culate new{a;} with Eq. [&9). At each step of the iteration,  (taking all the parameters at the minimum, including-
we have to check that the constraint is satisfied, or to impd®e

it. The iteration ends when the relativeéfdrences between two

successive steps is small enough. ) . ) _
Fig. A.1. Simulation profiles

A.0.6. Error matrix

We can develop any? functions around its minimum as :

) o (i A.0.7. Robustness tests
X2(0) = * (oM . . .
We have performed a bunch of tests in order to validate this

n 1 P (®i _ ®§min)) (®j _ ®(min)) intercalibration method. First, we have tested by MontddCar
20000 ' ! simulations the reliability of the error bars computed gsime
+0(0%) (A.10) Fisher matrix. Second, we have compared the influence of the

choice of the constraint on the intercalibration €méents and
where@® is the vector of parameters a@f™" is the mini- their errors : when comparing what is comparabéetheratio

mum of they2. The matrix%% is called the Fisher matrix pf intercalibration. cofficients, we found no dierence_ neither
(notedF in the following) and is the inverse of the matrix of" the value nor in the error. We have chosen to impose the
correlation of the parameters, as can be easily seen :galn constraintg({(b), {ai}}) = a1 -1 (i.e. the first profile has a
the vecto®—0©™", the probability that the real parameters arE__’elanve cal_lbratlon co@cient with respect to tr_le average pro-
@ can be written using the likelihood functiah= exp(-y2/2), file of 1). Flr_lally, we haye compared the iterative _m|n|m|at
ie.: method (using alternatively EJs—A.8 andJA.9) with a staddar

minimization program (Minuit, from the CernLib). Berences
L« o lofe (A.11) were below the numerical precision.



J. F. Macias—Pérez et al.: Archeops In-flight Performabega Processing and Map Making 27

AcknowledgementsWe would like to pay tribute to the memory ofKuo, C. L. et al. 2004, ApJ, 600, 32

Pierre Faucon who led the CNES team during sevefdilcdit and Lagache, G., 2003, A&A, 405, 813L

long campaigns. We thank the Russian recovery teams whoedorl agache, G., Douspis M., A&A, submitted

under very harsh conditions to retrieve the precious insént and Lamarre, J.M. et al. 2003, New Astronomy Reviews, 47, 11-12

data. The Swedish Kiruna Esrange base is warmly thankeddchm Lee, A. T. et al., 2001, ApJ, 516, 1L

help during the launch preparations. We thank the CNES@naliwo- Macias—Pérez & Bourrachot, A., 2006, A&A, accepted

gram, Programme National de Cosmologie, and the partiogpéab- Masi, S. et al. 2005, ApJ, submittésk tro-ph/8507509

oratories for financial support. We thank Juan R. Pardo ftpihg Mason, B. S. et al. 2003, ApJ, 591, 540

us with atmospheric modeling and Bruno Bézard for planéb@  Mmather, J. C., Fixsen, D. J., Shafer, R. At al., 1999, ApJ, 512, 511

tion. The HEALPix package was used throughout the data anajather, J. C.,Cheng, E. S., Shafer, R. A., Wright, E. L., Me§e S.,

sis [Gorski et al. (1999)). Weiss, R., Fixsen, D. J., Eplee, R. E., Isaacman, R. B., Read,
S. M., 1990, BAAS, 22, 1216

Mather, J. C., 1984, Applied Optics, 23, 584

Moreno, R., PhD Thesis, ParisVI University

Mizuguchi, Y., Akagawa, M., & Yokoi, H., 1978, Elect. Commn i
Japan, 61-B, No. 3, 58

Nati, F., de Bernardis, P., lacoangeli, A., Masi, S., Bendit Yvon,
D., 2003, Review of Scientific Instruments, 74, 4169

Netterfield, C. B. et al. 2002, ApJ, 568, 38

Pardo, J., Cernicharo, J., Serabyn, E., 2002, Astrononfstd
Evaluation in the Visible and Radio Range. ASP Conference
Proceedings, Vol. 266. Edited by J. Vernin, Z. Benkhaldang
C. Mufioz-Tufbn, Astronomical Society of the Pacific,§81

Piat, M., Torre, J.-P., Lamarre, J.-M., Beeman, J., Bai&.,, 2001,

References

Amblard & Hamilton, 2004, A&A, 417, 1189-1194

Bock, J.J., Parikh, M.K., Fischer, M.L.& Lange, E., 1995, pApd
Optics, 34, 22

Bennett, C. L., Halpern, M., Hinshaw, G. et al., 2003, ApB,11

Benoit, A. & Pujol, S., 1994, Cryogenics, 34, 321

Benoit, A. et al. 2002, Astropart. Phys., 17, 101

Benoit A. et al. 2003, A&A, 399, No. 3, L19

Benoit A. et al. 2003, A&A, 399, No. 3, L25

Benoit, A., et al. 2004, A&A, 424, 571

Bernard, 2004,35th COSPAR Scientific Assembly, 4558

Bourrachot. 2004, Universitté Paris Sud - Paris XI, Journal of Low Temperature Physics, 125, 5-6
g:%itﬁl.rﬁtlzsd.cnrs.mocument,sirchlveSQDQ/OO/ 77/02fin- Piat, M., Lagache, G., Bernard, J.P., Giard, M., Puget,.J2003,

Bock, J. J, DelCastillo, H. M., Turner, A. D., Beeman, J. \ange, A&A, 393, 359_ , 3 .
A. E. Mauskopf, P. D., 1996, Proc. of the 30th ESLAB symp. oﬁatanchon, G Tristram, M., Macias-Pérez, 8thl, 2005, A&A, in
“Submillimetre and Far-Infrared Space InstrumentatidBSA- preparation

Press, W. H., Flannery, B. P., Teukolsky, S. A. & Vetterling, T.,
Numerical RecipeCambridge University Press, 1992
Ponthieu, N., Macias—Pérez, J. M., Tristram, M., et aQR0A&A,
444, 327
Prunet, S., Netterfield, C. B., Hivon, E. & Ciill, B. P., Rroceedings
Cappellini, B. Maino, D., Albetti, G.et al., 2003, A&A, 409, 375 of the XXXVth Rencontres de Moriond, Energy densities in the
Chattopadhyay, Get al, 1999, IEEE microwave and guided wave Universe Edition Frontieres, 2000, astro-{i906052
letters Rabii, B. et al. 2005, ApJ, submitted, astro@B09414
Delabrouille J.,Cardoso J.F., Patanchon,G., 2003, MNR346, 1089 Ruhl, J. E. et al. 2003, ApJ, 599, 786
Dickinson, C. et al. 2004, MNRAS, 353, 732 Smoot, G. F. etal. 1992, ApJ, 371, L1
Doré, O., Teyssier, R., Bouchet, F. R., Vibert, D., & Pryr&t 2001, Smoot, G. F. et al. 1992, ApJ, 395, L1
A&A, 374, 358 Stompor, R.. etal. 2002, Phys. Rev. D, 65, 2, 22003
Dragone, C. 1982, IEEE Trans. Ant. Prop., AP-30, No. 3, 331 Tristram, M., Hamilton, J.-Ch., Macias-Peréz, J. F. et aD04,
Ferreira, P. & Jie, A. H., 2000, MNRAS, 312, 89 Phys. Rev. D, 69, 123008
Finkbeiner, Douglas P., Davis, Marc, Schlegel, David J9ARAPJ, Tristram, M., Macias-Peréz, J. F., Renault, C. et al. 5200NRAS,

ESTEC 1996

Borrill, J., 1999, InProceedings of the 5th European gGhy MPP
Workshop Bologna, Italy astro-pB911389

Camus, Ph., Berg, L., Dumoulin, L., Marnieros, S., & Torre;R]
2000, Nucl. Instr. and Methods in Phys. Res. Ad44, 419

524, 867 358, 833
Fixsen, D. J., Weiland, J. L., Brodd, S., Hauser, M. G., K&ISa,  Tristram, M., Patanchon, G., Macias-Pérez, J.F. et 85 20&A, 436,
Leisawitz, D. T., Mather, J. C., Jensen, K. A., Schafer, R. A. 735

Silverberg, R. F., 1997,ApJ, 490, 482
Goldin, A.B.et al, 1997, ApJ, 488, L161
Gorski K. M., Hivon E. & Wandelt B. D., 1999, in Proceedings . . . ]

of the MPAESO Cosmology Conference "Evolution of Large- - Laboratoire de Physique Subatomique et de Cosmologie, 53

Scale Structure”, eds. A.J. Banday, R.S. Sheth and L. DaaCost Avenue des Martyrs, 38026 Grenoble Cedex, France

PrintPartners Ipskamp, NL, pp. 37-42 (axro-ph/9812350), 2 Department of Physics & Astronomy, University of British

httpy/www_eso_or@mencmeami)) Columbia, Vancouver, Canada
Halverson, N. W. et al. 2002, ApJ, 545, L5 3 Cardit University, Physics Department, PO Box 913, 5, The
Hanany, S. et al. 2000, ApJ, 545, L5 Parade, Cardl, CF24 3YB, UK
Hernandez-Monteagudo, C., Macias-Pérez, J.F., @nstrM. & 4 University of California, Berkeley, Dept. of Astronomy, 50

Desert, F.—X., 2006, A&A, 449, 41 Campbell Hall, Berkeley, CA 94720-3411, U.S.A.

Hinshaw, G. et al., 2003, ApJ, 148, 63 5 Laboratoire de I'Accélérateur Linéaire, BP 34, Campusay,
Hivon, E., Gorski, K. M., Netterfield, C. B. et al., 2002, ApR7, 2 91898 Orsay Cedex, France

Yvon D. & Mayet F., 2005, A&A, 436, 729

Janssen, M. A., & Gulkis, S., Mapping the Sky with the COBE-RM
In “The Infrared and Submillimetre Sky after COBE”, M. Sigro
and C. Dupraz editors, Dordrecht, Kluwer, 1992

6

CEA-CE Saclay, DAPNIA, Service de Physique des Particules,
Bat 141, F-91191 Gif sur Yvette Cedex, France
APC, 11 pl. M. Berthelot, F-75231 Paris Cedex 5, France


http://tel.ccsd.cnrs.fr/documents/archives0/00/00/
http://arxiv.org/abs/astro-ph/9911389
http://arxiv.org/abs/astro-ph/9812350
http://www.eso.org/science/healpix
http://arxiv.org/abs/astro-ph/0507509
http://arxiv.org/abs/astro-ph/0006052
http://arxiv.org/abs/astro-ph/0309414

28

o]

©

10

11

12

13

14
15

16

17
18

19

20

21

22

23

24

25

26

27

28
29

30

J. F. Macias—Pérez et al.: Archeops In-flight PerforeaPata Processing and Map Making

Centre de Recherche sur les Trés Basses Température66,BP1
38042 Grenoble Cedex 9, France

Centre dEtude Spatiale des Rayonnements, BP 4346, 31028
Toulouse Cedex 4, France

Laboratoire d'Astrophysique de Tarbes Toulouse, 14 AveBue
Belin, 31400 Toulouse, France

California Institute of Technology, 105-24 Caltech, 120asE
California Blvd, Pasadena CA 91125, USA

Jet Propulsion Laboratory, 4800 Oak Grove Drive, Pasadena,
California 91109, USA

Institut d’Astrophysique de Paris, 98bis, Boulevard Arage014
Paris, France

CNRS—-ENST 46, rue Barrault, 75634 Paris, France

Gruppo di Cosmologia Sperimentale, Dipart. di Fisica, Uhia
Sapienza’, P. A. Moro, 2, 00185 Roma, Italy

Laboratoire d’Astrophysique, Obs. de Grenoble, BP 53, 3804
Grenoble Cedex 9, France

CSNSM-IN2P3, Bt 108, 91405 Orsay Campus, France
CEA-CE Saclay, DAPNIA, Service d'Astrophysique, Bat 709, F
91191 Gif sur Yvette Cedex, France

Instituto de Ciencias del Espacio (IEEESIC), Facultad de
Ciencias, Campus UAB, E-08193 Cerdanyola, Spain

Institut d’Astrophysique Spatiale, Bat. 121, UnivegsRaris XI,
91405 Orsay Cedex, France

LPNHE, Universités Paris VI et Paris VII, 4 place JussieoyrT
33, 75252 Paris Cedex 05, France

School of Physics and Astronomy, 116 Church St. S.E., Usiter
of Minnesota, Minneapolis MN 55455, USA

LERMA, Observatoire de Paris, 61 Av. de I'Observatoire, 760
Paris, France

IROE-CNR, Firenze, Italy

ESTEC, Noordwijk, The Netherlands

Experimental Physics, National University of Ireland, Magth,
Ireland

Dpt of Astrophysical Sciences, Princeton University, Beilon,
NJ08544 USA

Landau Institute for Theoretical Physics, 119334 Moscousda
Space Research Institute, Profsoyuznaya Sf{3284Moscow,
Russia

CITA, University of Toronto, 60 St George Street, Torontd\ O
M5S 3H8, Canada



	Introduction
	Technical description of the experiment
	Gondola
	Attitude control system
	Detectors
	Optical configuration
	Observation frequency bands
	Cryostat monitoring

	In-flight performance
	Cryogenic performance
	Bolometer signal and noise contributions
	A simple photometric model
	A simple bolometer model

	Detector noise

	Preprocessing
	Prefiltering
	Removal of readout digital noise
	Linearity correction
	Flagging of the data

	Pointing reconstruction 
	Coordinate system definition
	Reconstruction Method
	Initial pointing estimate
	Rotation period
	Star Sensor Phase

	Star-signal matching algorithm
	Pointing solution improvement
	Scan path fit
	Accuracy

	Bolometer response
	Time response
	Optical time constants estimate
	Estimate of the bolometer time constant from glitches

	Optical response
	Beam pattern model
	Focal plane reconstruction


	Description and subtraction of systematics
	Very low frequency systematics
	Spin frequency systematics
	High frequency systematics

	Data quality checks and noise properties
	Time-frequency analysis of the Archeops data
	Long term non-stationarity of the noise
	Gaussianity of the noise
	Noise power spectrum estimation and simulations
	The best bolometers

	Calibration
	CMB dipole
	The Galaxy
	Jupiter calibration
	Intercalibration
	Overall sensitivity

	The Archeops sky maps
	Destriping
	Specific processing for Galactic maps
	Atmospheric contamination
	Galactic maps

	Specific processing for polarization maps
	Specific processing for CMB maps.
	Foreground removal
	The pipeline transfer function
	Archeops CMB maps


	Conclusions
	Intercalibration procedure
	Modeling
	Constraint
	Error matrix
	Robustness tests



