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Lhstruct achieve us requrements and brought the first
PRONAOS 15 @ stralospherc balloon borne scienufic results. even if these one were hinuted. duoe
cxperiment dedicated o astronomy in the  sub- o faures which restnicted  the  duravon  of
! observations A second fhiglt was conducied on
September 212™ 1496 from Fort-Sumner (New-
Mexico) and was a full success

millunerer range

The  scienufic  ohjecnves  are  relaled 1o the
puprovemeni of pur Anowledge n the Field of
cosmology (using  the  Nunvaev-Zeldoviich  effect
measurementr  and  galactie  phvsics  therter
undersianching of some of the interstelluy mediup
properiies;

High performances were required for Pronaos hoth
Jor anstrumeniaiion and the gondoda specially the
nvo meters telescope pownted ar 20 arcsecy accuracy
In Neprember 1996 the second thght was a success
expected  pertormances  were  confirmed  and
peritted 1 aciieve the muam abjpctives

A new kmd of objects reflecting a verv eardy stuge
of Sormanon of siars were discovered  The  first
detection ol the  postive part of the  Sunvaey-
Zeldovirch effect was pertormed

1. INTRODUCTION.

PRONAOS 1s conducted by CNES. with CESR  for
science management and JAS taking in charge the
mstnunent . The PRONAQS program 15 a French
achievement. desrgned and butlt in a large nauonal
cooperanon. between UNES and vanous CNRS
laboratories 2. THE PRONAOS PROGRAM.

What makes n ongmal 15 the difficuln of the
scienufic objecuves in terms of sensiviny. implving
high performances. which led 10 a sophisucated
design. makmg PRONAOQOS have many things in

PRONACIN artist vien

Frgure |

2.1 SCIENTIFIC ORIFCTIVES.

The submuilimeter (sbmm) range is one of the few

cominon with a saieline

A first fhight was realized i Sepiember 1994 0
permitied 1o venfy the abihnn of the sistem 1o

regions of the eleciromagnene spectrum  which
remains mosthv unexplored 10 astronomy. because of
the attenuation of the Earth atmesphere ar these
winelengths and also because of the technological
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difficulues associated o the detecuon However. thus
speciral range 1s of great unportance both for galacuic
mtersteliar matter and cosmological studies The
focal instrument accommodated on PRONAOS 15 a
muluband photometer called SPM. designed for

weasurements ranging frem  I80um to  {200um.
using direct detection
Several scientific  objectives  are  devoted 1o

PRONA®S-SPM  The first class prnionty 1s the
detecuon of the posinve part of the Sunvaes-
Zeldoviteh effect on clusters of galaxies This effect
results from an nteracuon between the cosmic
background photons with ntergalacuc  relatvi
clectrons. producing a spectral distorsion inside the
cosmic  blackbody  radiition  Another rmportant
objectne 15 the measurement of the gxtended
emussion of the imerstellar medium PRONAOS-
SPM s designed to be ven sensinve 0 low
bnightness sradients. 1n the sbmm range. allowing
the observation of the cold dense cores inside the star
formmng regions

2.2 MINSION REQUIREMENTS,

These scienufic objectives mply o operate at
alutudes where the aunosphere 1s very transparent
and shows a tow emissivity  PRONAOS has been
destgned 10 flv at ceibing altitudes of around 4 mbar
(38 km) 10 the stratosphere.

Figure 2 PRONAON Launch
The munumum alutude

fundamenials

requrement  has  two

= rransumsson  budget  for  the
tucceptable 1 fact up o 1 mbarn)

mstrumernt

= abihn of the ponting svstem to compensate the
1orque due o the perodynamie pressure on the
telescope tsurface of 4 m-)

The nussion requireients have been expressed in
terms of minpmuin and desired s alues

=
|
| Performance i Minimum | Dcsirr ";,
Fhigh Alutede | &3 mbar | 4 mbar I
kmy | (38 \m)
i Flighh Duraton 1.1 hours ! ~ 2 houry l
[ Sensuvin ) NEB | 10 M stz | < My s Hrt ) ]
Pownung Stabihiny 3 s |
Pomung Precision ] | 20 I

Tahle + Aission requirements

PN T o He

2.3 MISSION DESCRIPTION,

The requirement of long duration flight (more than
20 hours at ¢nuse altitude) wmphes to launch dunng
turm-around penod. that is the ume of the vear
dunng wiuch stratospheric winds which usually blow
at speeds up to 100 knots progressivelv slow down
and change direcuon (East - West) These
phenomena tast about 10 days and occur at the
latitude of New-Mexico at the beginmng of May and
end of September The flight duration 1s then ltmited
by 1o RF direct visibility. authorized flight area and
consumables (ballast. energy. crvogenic liquids)
Launch (s also ven constrained by local weather
conditions

Balleon L1 M’
| @pen tvpe
| inflated with Hehum
Parachute diameter 48 m (139 f1)
Total height = 300m
Total weight = 5600 kg
Ballast 900 kg
Gendola
dr mass 2050 kg
diinensions Emx7msx7m
Telescope
Drameter 2m |
Elevation range 20 70 607
Tabie 2 Nusten) main characrerisues

Operating such a svsiem requres vanous specific
faciliies tlarge buildings. launching vehicle. launch
pad. weather stanon. T™M/TC stauon. ). Such a
facthty s today available at the site of NASA 1 Fort-
Sumner (New-Mexicod The US middle west desent 1s
particulary comvement for this activin

Proc. of SPIE Vol. 10570 1057012-3



ICSO 1997
International Conference on Space Optics

Toulouse, France
2 - 4 December 1997

2.3.2 Flight scenario,

E
Dunog ascent. the gondola is passive Stabthzauon s
squaned upon armval at ceiing and the telescope 15
unstowed.
The gondola and the pavload are then directed o the
direction of the Polar star. using a magnetometer and
inchnometers. Inernial guidance is then started

The telescope 1s then directed bv nertial guidance to
the submullimetric direction (azimuth swivel and
elevation motors) The star sensor is directed with 1ts
poinung mechanism towards the pre~<chosen star
gring the werual direcuon The inernal gwdance
umt 1s gIving nstantaneous direction between two
succesives star sensor acquisitions The different
observatton have a duraton between a few nunutes
and 2 hours

Flight termunation s triggered from the ground when
a safe place 1s anticipated for landing. The telescope
15 first stowed and locked 1a safe configuration and
the equipments are switched off The gondola 1s
recovered underneath a parachute

Operation Duration |
Launch preparation 14 hours
Launch operations 2 hours
Drive-up 2.3 hours |
Float 29 hours
Descent 7 hours
Recoven R hours

Tuble 3 Duration of mussion phases
ras experenced during Flight 2,

2.4 SYNTEM DESCRIPTION,

The gondola consists of three man sub-syvstems
1) the senvice platform.
2y the telescope.
3y the focal instrument SPM

The svstem also 1ncludes the ground to operate the
gondola and perform real ume anabhsis of the
collected scienufic data

A detmled descrnipuon of the svsiem and the
deselopment s given in {Ref 1| Also the {Ref 2]
explains the pointing sub-svsicm 1n great details
Concerming the flight sofwares and the ground
svstem nformauons can be found in {Ref 3§ and
{Ref 4}

action in hulloon S Mn erush pad

od sHudter o Lunding STrRciure
HIESCOME - i81 TC Elecrromes
PRI LN - Builast hogper
< {78 unmrennu
& L Bamrerses
Ntar Nendor

Bzl ewwe
Iwimgng dumpers
La - Eospment Bax

Figure 3 PRONAOS gondola

2.4.1 The SPM instrument.

The muli-channel photometer SPM has  been
described i detat in {Ref 3). it consists mamly of
o parts 1) warm devices involving spuics that
ensure beam switching and in-fhight cahbrauon.
electromes for housekeepinag and data handling. and
2y a hquid hehum cnostat contmng opuics. filters.
YHe refnigeraters and four bolometers cooted at 0 3K
It weights 165 kg

3. THE PRONAOS TELESCOPE.

3.1 THE TELENCOPE DESIGN

The PRONAOS telescope was manufactured bv
Matra Marcoms Space in Toulouse A detmled
description of the telescops 1s given in {Ref. 6|

The opfical design results frem a cempromise

between

e the scienufic rcquirements asking beth fer a
collecting area as large as possible and for a high
spatial resolution,
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« the cunstrnmts  concermny e waeht and
dunensions of the gondon

An ase-svnnctns Cassegrmn conflumuon opencd
d Dl has been Chosenh Wit o 1w e

seeirented and st ¢ PREGTS Burroy

Franre s Foitse vy ofuringe

HYL I prar

Fhe mam nurvor M1 s made up of oadennaal hgdu-
worpht seament purrors 10 Ky oy Each seemant i
snanuitred by d rephea process on i serodur mald
smade by REQSCy on o stardture of horesconb and
ks n carbon fiber The refleame «ide 1< covered
Pyt daver of eposy resta and a reflestn e vold coating
o130 thickuessy

ANE-8y BHNCH I
Cissegrng

i leneth i

APSTIULS D I 10

Bruyuan -secondan thstanae 1328 2 qum

Pranan anrede
- focad lenaeth
[CRTRT 41 T Pl
- contral hoke iameer 238w

Yadmali { RN

1778 8
a0dS mim

ST IR
279 b

A Nl
Srellecnny comai cone Stonm h-4

- dooat lennh
ety

i odad wenely 25k

The surfage aconracy s arousd 1V um mms
recardine the best (1 parabola and 27 win rms wath
respect 10 the nominal profite The posnian of 2ach
murror s coutrolled oy T aswaors 1elecincal sorew -
ks Wit 2 ¢ jam resolunion and 3 capacine |
sensors Four sensors neisure e distanes baween

wne poim of the considered murror and a4 referende
plate supposed e be perfecthy nid The Oifth <ensor
tocared at the edec of 2ach marror givos the relame
posinomng  hetween iwo  adiacent mirrorn Tios
ane seno-ioop allows 10 cowmpensate tor the
smpermure and gravns offects all alony she theh

The goal of PRONAOS 15 10 wmake ven sensitne
weasurement of brivhiiness eradiems A sigmiican
etiont hus been done 1o decrease the vanous sources
ol notse encountered 1 summihimerre photometn

T T e S

G g

The telescope has been designed 10 have the Towest
posabie thennal cnussion e order 10 reduce the
noise mduced on the detectors This s achieved by
asordine amy black nem an the beam The ceniral
Hole ol the Casseurim prusrs Inrror 18 1o seen h
e s et thanks to g hals cone pur anvhe cenire
bt saevondar anrrer The lees of the spader
supportme e secondan are \ shaped and coared
wih acflecime nnnenads . The ovhmdoeny) hoffl s
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reflecine o the subimlinmetre range These choees
are made with a the nsk of mcreasine the siravhght
and onby fghy data have proved than this choice was
the wood onC

e Tin 2 meter fefesoomng

3.2 THE OPIICAL SIZING,

The 2 m cass telescope allows to obtain angnlar
resolunions simular o those of the saelhie IRAS w
shoner wavelensths ¢ 1w Itaumy The  beam
diameters an the fowr channele of the photometer
SPAYare siven nihe wabke #

Thay are aversteed comparaineh 1o the diffracuon
tnmt set by the tetescope The anaular resolunon
thein w70y has been deined acconnting for the
sneenamnumws on other svstemn parmmneters They e
~aled 1w oncdude o osouree aven nr the oose of G
avuraded potmniye aooniay

Beam size

Band . Wavelengths |
: tumi {FW HM;,
IRi-240 | >
3 D40-340 i 3
341440 3 3
4 Sdi- U3t " 5
CaAnie B J et e o Panebn (S aned Betaat abres

The wanefront crror resuits from s rrade-off bemaee
the constrimis related w0 rhe developmemt of a new
wohnology  dor i primany murror (M of e
tetescope  and the need sy anpular resoluton at
short wavelengths  Its RMS value has been set 10
12um with a 2oal of Yum Ty correspands tw 1
mimmum  wavelength for  diffracnon himated
operation  of  Sdoum oand 390m o respectivehy
Marechal critenom

TR - WFE rmytpm)
Mirrors manufaciunng i3
Mirrors stabihiny 1o thermal efecrs | 1
Effects of graviy vananon |
Fraanon nadin 1
Structure stabhn B2

On-ground nrrors aingnment gt

[en o-conto! accuraa »

Toi g PRGIRY MERROR (7ms)

Secondan mirtar manafucturing id
Telescope global ahgrunent o.d

{n-Nlazhy stabihin NS

TitisCom irms I

Ll Futgacope HEEF R

Ihe sky choppimy nuplemented by o wobbling marror
e warm opucs of SPM anduces @ movement of
the beam wnh sn amphtude of a few cm on the
prunar ey Lo consequence the & nchronous
detccnion of the photonwtne flun amplifies. together
wuh the astronomucal sienal the difference of the
thermal ennssions betveen the two edges of the ML
Therefore o empernture umformin berter than |
deerce a6 required  aoross M1oA gooa thermal
wmsuiasion from owiside 15 aimplemented o reach this
requirement In wddion 5 onndnoal el
reflective in (the sabmallunctre ranee, and thermaliy
Lomssn e mitkes an addittonad shaeld
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3.3 TELESCOPE POINTING REQUIREMENT S,

The pomnting requirements are justified as foliows

*  pomnung accuracy s justified by the acceptable
flun loss associated with g bias between the obiect
observed and the sensine axis

= peming stabthtn ¢ jqusufied by the noise
assoctated with the displacement of the source tn the
fieid

Consudering that the instrumem beam and source
produces an dhuntmanon on the focal plane are
gaussian, the collected energh rato1s

R(’/'_ J = —-__ A
o)

wirh T =\ = the bas

« the radws of the beam
< the radus of the image

We tolerate a {lux foss smaller than 10%% With the
assumption of the image having the same size as the
beam. we got the following hmuts for the 4 bands ¢
pivs ! band for future ymprovement of the $vstem)

! Band i 2 3 4 Future |

{Beam | 2 2 L& 15 [ |

§ Size |

‘ Preciston i 14 4 B3 b
Tabic = P requirements

From winch we established the pomung precision
requiretnent of 20 {objectine). and 1 cmimmyum)
based on the vajue obtatned on band 4. assocuued
with the mamn obgecuve (furthenmore. the obiects
observed m bands 1. 2. % are usually large)

34 TELESCOPE ALIGNMENTS

Teiescope  alignment  apphes to the 6 scaments
formny the prnimany imrror. 1 order 1w set a
referance position for the serve loop
Each segment murror of the prunart mirror presents
3 degrees of freedom
+ - rowutons

- it around 3 radial direction

~ o around & divection pependicular (o the
previous one i ithe same plang
= - luassiavon along the telescope s

x Ta

Figure = The seemented primary mirror and the
mirrors degrees nf freedont

Safa [Ref9] has shown by modeling that the image
qualin was drasucallv dependent on the wavelength
range of the incidem radiauon field This 1s due 10
the spatial frequency of the surface defaults it
corresponds 10 7.1 5 1n the submuliuneter and 24 7. in
the visible In consequence. the visible image cnergy
distribution is limited by the diffusion. winle it 1s
diffraction hmited 1n the submiilimeter range

In particular. using us modeling. Safa {Ref 10 has
shown that the diffuston image (visibled s not
modified within a  wide range of translation
nusabgnmem. on the contram. at submiliimeter
wavelength. 1t can  degrade considerably  the
diffracion 1mage quality. because of interference
offects

In consequence. the murrors translauon ahgnment
had to be actneved in the submilhimeter range

However. 1t was possible 1o obtain the alignment of
the nurrors uis in the visible wavelength Since the
development  of an expernment 15 much  less
constrained m the visible than i the Sbmm. we have
decided 1o procced i two stages  first. we have
actieved the nlts alignments in the visible range. and
then completed wnh the alignment 1 translauon
along the optical avs

To perform the rotanon alignments. we used an
autocolinnauon process in the visible range with the
purposc to analvze the diffusion image associated
with each murror m the focul plane and to get 1t
centered an the nominal focus posiion by means of
18 ults movement (5 )

The precision obtamned for this rotaton control was
csumated o be betier thim = 10"

Proc. of SPIE Vol. 10570 1057012-7
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The principle ol translation positiomng along the
optical axits 1s to analvze the distorion of the
diffraction umage associated with a3 poini source
when the translanion step vanes berween adjacent
anrrors We had to use a large wavelength passband
meident beam. 1w order to break by the superposiion
of the different  wavelengths  1the  penodicin
assocrated with a monochromatic beam (uncertainty
of positioning at 7. 2.

The source used 1s a lgh pressire mercun vapor are
lamp. which radiates both in the visible and the
Sbmm. as an equnvalent blackbody at a temperature
T=1R00K  refocused by o parabolic nurror onto a
hole source {€=1 3mm). modulated by means of a
chopper and then placed at the focus poimnt of a
collimator (=200, m order 10 obtain an outpul
parallel becam The detecior we used 15 a sthonun
bolomeier cooled ar hguwd hehum temperature (T
4K

The diffraction ymage in the focal plane 1s obtained
bv moving the hole source i the tolhimator focal
planc After analvsis of the diffracuon image. the
nnrror s translated if needed of the calculated value
by means of the three actuators (see fipure 83

Figure N Sutomillimerrie diffraciion pnage o) sub-
puptd F 200 Jocated on X adiocent peals
Lett hetore alignment <30 um eap:

Keght  alter petals alignment s "wm gaps
The image distortion 1s detectable by this method
wihim =7pm around  the nomunal translation
positon An analvsis of the diffracuon nmages
obtarned for different positions of the sub-pupil along
the mtersegment has also alfowed to tmprove the ults
control accuracy to =8 We have deduced from these
results the corresponding wave front error vilue
WFErms=22 un

3.5 PAYLOAD ALIGNSMENT CONTROL

This operanon pernnts 10 idenufy the avs of the
Telescope  associated  with  the nstrument  The
panload axas man he different from the nomnal axss
wmainly because of the opucs alignmient inside the
focal anstrmnent and a shight structure deformauon

due to the differemt mass configuranon of ks
tniegrated svstem

The method developed and apphed for SPAM 1
descnbed in detasl {Ref 8] 1t consists in mapping the
SPM  response when a  telescope  sub-pupil s
enlightened with a colinnated beam winch direction
1$ scanned around the nominal telescope axis. using
the same tool The bancenter positton 15 computed
and aliows 10 deduce the corresponding  axis.
neasured by means of thesdolites with respect 1o the
iclescope reference cube

4 INFLIGHT RESULTS

4.1 Last FLIGHT,

Fhight 2 was performed on September 22 and 2°5.
1996 Throughout the 29 hours at float 59
observauons of sky regions were carred out

Figare 9 displavs the raecton of the balloon.
compared with the muthonzed fhight area  This
trajectery 15 veny nypical of a wurn-around fhight. the
direcuon of the balloon changes with tune and
altitude and the posinon renenns very close from the
faunch site

DAy e ] - T
—
/’,‘-'\
e
/
4
/’ Qi ORADT
—
7 SERAG A WE KA |
3
{ .
anizesa ! ¢ 8 o,
i

]
A :,;:..:.—"‘—] -
\;—' '\\ “EAAY

BAEXIONE

N~

=

Fugare 9 Ballvon rrajeciory vs authorized flight
PErImeer

Figure 10 dispiavs the altiude of the balloon On the
first dax . the balloon reached the altytude of 37.8 knv
4 Hpa 1t went down o 5.9 Hpa that s 34.9 km
dunng the might On the second day the balloen
reached 1.3 Hpa 8.7 km {(hugher than firs day,
smee batlast had been dropped during the mght)
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4.2.1 Stahilizatoen and poinung.

Afwer reaching float the amplitudes of the residual
movements decreased  These movements were easii
coped with by the stabilization sysiem

Dunng fhght. 1 several cases. the poinung svsiem

was not able 0 work properhy and obhged an

terrupnion of the obsen ations

» 4t nighi-day transition this 15 probably duc te
the rapid ascent of the ballson, crosswg lavers of
scaticred winds. and mavbe also to the change of
shape of the balloon in relaton with the change
of volume

= when the altitude became lower than 342 km
corresponding 10 a pressure lngher than 5 7 Hpa
in ths case the acrodynamic perturbation torgue
beciune 10 strong and bevond the capactty of the
poanlng svstem

These cases represent o vers short part of the fhaght
(apout 0% The wable X compares the performances
of the pomnting svstem as spetified and as measured
during ihe fhehi

The alues which  are presenied  result from
cilculations made from the 30 saienufic obsen ations

performed

Misaligoment betwesn pavload and star sensor 1§
affected both by graany nvaning vih clevanony and
v thennat effects and s quite difficuh enther o be
model¢d or to be measured on ground That as was
then regufarhy measured duning the fhight (207 an
WCrige)

These perfermances Were ¢omeruent 1o guaranice o
successiud thebt In fact most of the obsenations
conducted  were oartograpmes which were nat so
demnnding inoerm of ponting precisson For the
ehacrnanions which realls needed  lugh precision

pornung. we performed an ahignment cabibranon
pi1or 10 the obscrvation. every ume tius was possible

Specif Waorst Averag

case
' Crude stabilization by & 5F s
*Poinnng suab (shorn 2" 1 (UhN
Jerm
Peinting stabibity (over 2R L3 20"
1 observauon)
- Absolute precision 60" S50 20"

Table s Stabiiin and poinnng precision

4.2.2 Radiometn
image gualin

The observation of Sawumn allowed to check the
image qualin of the telescope This planet can be
considered as an extended source but quite smaller
than the beam swze It 1s also bnight enough to give
an excellent signal to neise rauo even in the far
wings of the beam The amphitude distribution allows
to estimate the wavetrom crror (WFE) to 33um
RMS. wluch s inside the requirement. and not far
from the goal

Senxivin

Tins pood cfficiency of the telescope and ms low
ermssivity atloned o reach the expected sensinan.
a httle better one The next table gives the
senstivity 1o Ravleigh-Jeans bnightness yemperature
m one second of integration time

of v

{
¢

3

Channel ¢l T A

Sensitivin (uks ) 180 | 280 130 | 230

fuble v Veasured sensitivin

The sensstivity proved 10 mmprove 21§ the square root
of 1the inegratton ume 1 ¢hannels 3 and 4. while u
unproved niore slowly 1 channels 1 and 2. which s
a s1zn of 4 non statiorn nowse 1 these channels than
can be attnbuted to atmosphernic norse or restdual
parasiiic moduiated flises

4.3 SCIENTIFIC RESH LTS

4.3.1 Interstellar matter

Submuliuneter s the wmque wavelength  range
altowing the measnremen of the whole semperature

Proc. of SPIE Vol. 10570 1057012-9
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range nf the grams mcinding the cold contponent
and thcn 1o hase direar acecess to the whole dust §
and o the morphology  of  molecular  Clouds
rcondensanons fragments filameats
Futhermors 1ms $peciral ranee 1§ appropriate 1o siuas
the opacinv angd phivsical properiies of erams. hey
parmneter to the understandmg of siar formanon
processes During the PRONAOS fhehts. we mapped
different sites of the amerstellar medmmn star
ronnauon regions 1 Onon, Rho Ophucins, and M1~
auiescent molecular clonds 1 Cvenus and Serpens
Polans  Cirrus  (diffuse clonds m hugh galacue
fanmder The lagh sensmivine of SPM has atlowed te
derect ven fow brighimess gradients cmission (.5
Mivsrarcmn’ for A= 1s ar v =60 From the
stnultancons measurement of s emission within
tic four wavelength bands of SPM we deduced the
meraeed temperature and emissiviny coefficient of
the erans Ven cold condensauons have been
discoy ered with a respecine npical wmperature and
siwe  T=1I=Ik W=l W b parsec These
parmmeters rogether with dust models allow us 1w
determine the densny and mass of cach object 11 s
found to van frem | 1w 1 solar masses The
prototvpe of such cold condensauons s the « small
clond » disconered 1w the Onon Nebula during the
first et [Ref 7] Dunng the sccond fhight we
obsen ed three simlar cold cores in the central pan
of the Ophiucus complex which 1s one of the nearesi
molecular ctond with an efficient star formauoen
acrvaty tsee Peure 11

"

Fyour o f st perlormed sy Hige Jino-
€ lenpn, flas S
Under o well known vonng siar ot the top ol the

prcture b reveals an utthnow n object at aven earh

stage of formanon of s thefore prote stelar

formauont 11s mass 15 about 12 nmes the sun mass
and ns dimension abowt @ F parsec

The recent near nfrarcd obsenauoens  periormed
with 150 1n thus area show that mwo of these clumps
were seen d@s sharp and decp absorpuon  [caturds
agamst the diffuse cloud backeround a1 > um The
companson of the inirared absorption of the gramns
and therr epussion i the  submulhimeier  range
measured with PRONAOS allows o conswam the
exuncton cunc of dust m ths medium The analysis
of the cold condensations obsened for the hAirst e
with PRONAOS 15 umique for constraing the star
formation model

4.3.2 Sumvaey-Zeldovitch Effect .

The Sumvaey-Zeldovnch (« 82« effect on clusters
of  galaxies results - from  Imerse-Compton
inieracuons between the cosmuc background photons
with mterpalactic relatnne  electrons These
interactions produce 3 spectral distorsion inside the
costmic  blackbody radianion.  with & brightness
enhancement 1n the sbium range (posiuve parnt of the
SZ cffect) and a lower level in the milimeter range
(negamnve party Using ground based radiwiclescope
several groups hine. now detected the negatng pan
of the S§Z cficet on some clusiers of galasies But, up
to PRONAOS-SPAL 1 was not possible 1o detect the
posiine puart To reach such o mcasurcment. 1 15
NECESsan 10 use ven sensitne and accurate ;wml'.‘{]
space borne mstrumentanon  The first detecnion of
the positive part of the SZ effect. was the main
objectin g of the PRONADS-SPM project

Four clusters of palanies were observed dunng the
sccond PRONAOS-SPM fhght Two of them were
obsened 1 nominal  condmons,  wuh  rotal
meeration tme reaching mwo hours per each For the
cluster A478 s locanon. at rather low galacuc
lattude induces o detcction perturbated by galactic
dust ciussions prevennng a clean measarement of
the SZ posunce part For the cluster A2163 a
sipmuficant brnghiness oxcess was measured m the bis
direction 1 both bands 3 and 4 The uncxpected
encess 1 band * can be interpreted by companng the
PRONAOS-SPM  obsenanon 1o complementan
measurcments we have wmade at shorier wavelength

using 18O (see fieare 12

The relatne brightness obsenved in the direcion of
the ¢lusier vn respeet 1 the mverage surounding sky )
can boaanterpreied tn the addiion of o componeits

the SZ cffect and & restdual dust emussion So0. with
PRONAQS-5PM  the first detecnion ol the postive
pant of the 32 cffect has been made
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