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ABSTRACT

The Joint European X-ray Telescope JET-X is one of the experiment on-hosrd
SPECTRUM-XI, It consisls of twi identieal co-aligned X-rays imaging telescopes, with a
cooled CCD detector on the fucal planc, and an optical monitor. A description of the
experiment with some informations aboul the satellile and the ground segment are given.

INTRODUCTION

JET-X (Juint Buropean X-ray ‘lelescope) is designed for detailed studies of the X-ray
emission {rom sources and eosmic hackground in the energy band 0.2-10 KeV. The experi-
ment is being developed by s consoriium of Malian groups from Istituto di Fisica Cosmica o
Applicazioni della Informatics del CNR in Palermn, Istifuio di Fisica Cosniica e Tecnologic
Relative del CNR in Milano, Istituto dell'Osservatonio Asitonomico del!'Universita “La Sa-
picnza” di Roma, Dipartimento di Fisica deli' Universitd di Milana, Osservatoric
Astronomica di Brera-Merate; British groups froim Universily ol Birmingham, 1 Iniversity of
Leicester, Rutherford Appleton Laboratory, Mullard Space Suienve Luboralory; a German
group from Max Plank Institul fuer Extraterrestrische Physiks, Garching bei Munchen; and
ihe Space Science Depuriment af ESTEC, BESA,

JET-X consists of two identical co-aligned X-rays imaging telescopes with a cooled
CCD detector on the focal plane.  This will provide an high spatial resolution combined with
o goird cnergy resolution, in particular, around the 7 KeV Fe-line complex B/AE is less than
50. An optical monilor is co-aligned with the X-ray telescopes for simullaneous obser-
vations of the optical countorparts of the X-ray trget sources.

JET-X Is one of the compoments af the everall payload of the USSR's SPECTRUM-
Kl an international missivn whose combined response extends from 20 ¢V o 100 KeY.
The satellite will be placed in orbit by PROTON launch vehicle, The SPECTRUM- X1
seientific payload includes two groups of nstruments:

IiNarmow ficld instuments employed for detailed investigations of quasistationary sources,

2)Burst and Survey instruments with large field of view intended for locating X and I rays
burst sources.

JET-X, a stand alone instrument of the {irst group, is chosen as reference experiment,
for the alipnment, and all the other mstruments of the payload are aligned relative w this, In
facl, it has the best spata] resolution, and is cquipped with an optical sensor with an angular
rosc-=lubion up o 5 arcsec.
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AMAF and XXMM, Lo COMPEEISUIL WIS o et and imasing ©

throughput, but a better fimiting sensitivity, spectral and imaging resolution than SULIARL
comparable throu ghput, but betier gpatial resolution than ASTRO-D (he Japanese TSI §
a larger throuphpt aned a higher resolution than the imaging spectrometer on SAX

[MSTRUMEMT DESCRIPTION
Telescope

Each of the twa X-ray telescope is composed by a nested array of twelve Wolter 1
1O1S {pmab{}]nid+h'_l,rp:rbolﬂid}_ The focal lengih is 3.5 meters and the ficid of view 20

min. The insirument cffective collecting area i5 360 cme at 1.5 KeV and 130 cm? ut 8 F
Fig. | shows the effective aren as funchon of encrgy at different meident angles.

Talpunope Effective area [(Two Moduies)
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Figure 1 Tonal eoliecting area afane JET-5 lelesenps oo Adis and
1 off-nxis angies of 7.5, 150, 220 arewin.

The angular resolution s strongly dependent on {he microroughness of the mir
(e and on the manufacturing tolerances ( Aschenbach ¢t al 1940), Using the samc
ction technigue as the Ttalian satellite SAX, bascd on the elecirnforming replica, il wil
ier than 30 arcsee. A mandrel is machined o the required figure, ane] then supetpo
such a way to have a surface microroughness less than 54 at 3 KeV, On each m
gold layer is evaporated and a nickel layer i eleciroforied on top of this. The g«
gives the reflecting surtace for X-rays, while the nickel, 2 few millimeters thic
supporting the gold (Cillerio et al. 1987).
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PHMEtETs of ﬁlt: ufbiiJlea;:;J The CCHs on lhe loeal plane provide a spalial resolution compatible with the oplics
iopether wilh 2 broad band speclroscopy, covering the energy range (1.2- 10 KeV, The lype of
CCD chosen for JET-X 15 bascd on an enhanced version of the PES200 COCD, with & lower
noise amplifier included. ILis a deep depletion CCD, 65 pm thick, with a 40 pm depletion
depth and 25 pm undepleted silicon underneath (Lumb and Holland 1989, The device is
fabricated on high resistivity silicon to obtain good quantum detection efficiency at energies
above 3 KeV (see fig, 2. Itis front illuminated with a substantially reduced elecirode thick-
ness to improve the sub-Ke response, compared with the standard CCD,
The field of view is covered by a set ol two O0Ds closely butied; each ol them i (e

ﬁ?{(ﬂré?]lc:x::::?::r:: bricated in twe identical sections: one eollects Lhe images and the other 15 shielded and used 1o

lutiom than SODARD: 3 read oot the signals. The coverage of the total focal plane, considering both wlescopes, is

e Jupanese mission arnd 98% (Wells and Lomb 1989). The CCDs are covied at temperature around 170-180 K in

eter on SAX. order 10 reduce the dark current. The FWMH energy resolution is 150 eV oat & ReV oand is
determined by the equation:

BE=8.58  (ni+ 1+E/3.65)

where nis the electronic noise, E the energy of the incident photon, and £ the Fano factor,
Iig. 3 shows the energy resolution versus the energy.

of twelve Wolter [ mir-

e ficld of view 20 are- There will be two oparating modes:

ind 140 cm? at & KeV, ;
nt angles. Cramestore: the image daty are collecled moone hal? of the armay and wath 2 eapid shifl,
' the stored signal changes o the shiclded store scction. Data are readou whilsl the

next image accumulntes in the image secction. The tme necessary Lo compleic the
regdout operation is almest 2.5 sec,

read, repeated indefindtely. The tme resoluton increases 1o 0.3 msee, that is the time
tor a single pixel © across the phowon impact ares,

The high thickness af the device will improve the charge particle background rejection.
I faet, the mean cnergy deposited Trom cach parlicle in such thick device will be almost 25
KeV, well out the working range, By a pixel-lo-pixel anti-coincidence discrimination a
P95 rejection efliciency is reached.
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SCIENTIFIC CAPABILITY

The twi characteristics that delermine the scientific strenygth of J Er-X arc the high
fial resolubion that gives a potental high polad souree scasitivity, and the spectral per
mance. The sensitvity to X-ray sources depends on the flux level of the spurce and on
souree spectrum. Fig. 4 compares the source sensilivity in three ditferent cnergy bands.
source s assumed to have a power law spectrum with photon index 1.7 and absoti
coturmn density of 321020 ¢ 2, The detection limils is 5o over the hackground, The kin
background considered is represented by throe componenis: the cosmic X-ray backgral
the galactique dilfuse X-ray background and the charge particle background, lor alil
greater than 41000 Km, after rejection. The sensitivity does not depend strongly on
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rate by less than 25%, while increasing the assumed column density to 1021 em-2, would
decreases the count rate by 30%.

The limiting sensitivily, computed vsing one souree per 30 beamwidth criterion, for a
deteetor with 20 arcsec beamwidth is almost 3* 10-13 ergfom?fsec in the range 0.5 - 10 KeV.
The comlusion limil has been extrapolated considering the EINSTEIN logN-log8 population
of sources. The time necessary (o reach this limit is of the order of 107 sec. Fig. 5 shows the
minimum flux detected with a 5o level Tor a line at 7 KeV with an equivalent width of 2 KeV,
1 KeV, 100 eV over a power law continuum with pheton index 1.7,

GROUND 5EGMENT

The SPECTRUM-XT spacecraft will be conunanded to dump stored memory data lo
ground, nominally onee per day lor about 1 and 1/2 hours, A low speed telemetry channel
(63 kbitfsec) will be used for commanding and housekeeping. Normal science data will be
telemetered using | Mbit/see link. The prime ground station is at Eupatoria n Crimea. All
data from SPECTRUM-XI" will be transmitted when possible by | Mhit/ser analogue data
link from the Ground Station to Moscow (IKI),

As back-up to this link, data may be sent by magnetic tapes with small sub-sels heing
tramsmitled by 4.8 kbit/sec public data link. The back-up ground station for SPECTRUM-XT
is at Ussuriysk near Viadivostok. At IKI, the data will be filtered in order to pass 1o Wesl-
European share of TET-X tala, Ingether with the necessary spacecraft housekecping data, to
the JET-X Quick Look Facility (QLF) in 1K1, where a brief analysis on the data, before the
transmission 10 the United Kingdom, will be performed, The nominal volume of data for
JET-X is 40 Mbyte per day, when spacecrall honsekeeping, parily and the other
acfminisrative data are added the total volume will be A0 Mhyle /day,

From the QLF at IK1 data will be transmitied by dedicatled commercial data link to
Rutherford Appleton Labotatory in UK, where all data will he checked lor completeness, in
order (o inform the QLF that they have arvived safely. At Leicester University thers will be a
Instrumeni Analysis Cenire responsible for the off-line functicns of the instrumen. calibration
and detailed science analysis, JET-X data will be distributed to the consortinm groups in daia
sets corresponding to the ohservations requested.
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