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PROPOSAL FOR ESA LAUNCH OF SPACE MISSION 

Abstract

We propose a space mission to be launched between 2015 and 2025. Objective is the detection of extremely high redshift Gamma Ray Bursts (GRBs) to probe the first generation of stars and the time of reionisation of the early Universe, assuming GRBs are produced from hypernovae. We present a payload design comprising a wide field X-ray camera to detect high redshift gamma rays, and an infrared camera to observe the high redshift optical afterglow. The mission is expected to detect and identify for the first time GRBs from z>10.
1.  Scientific Justification

Before the launch of BeppoSAX in 1996, Gamma Ray Bursts (GRBs) were known only as explosive sources of gamma photons, without an identified counterpart in any other part of the spectrum. Subsequently, progress included the explanation of both temporal and spectral variations of the afterglow. However, although hundreds of GRBs have been discovered and observed by now, a large fraction of them is still unidentified at other wavelengths. The paucity of observations, low photon fluxes of the afterglows and especially comparatively poor positional accuracy have been important limiting factors. Although several space missions have been planned/launched to address this, extremely high redshift (z=10-30) GRBs are likely to remain undetected/unidentified by currently planned future mission.
The most popular theories for GRBs (supernova, hypernova) predict that GRBs are intimately connected with the death of unusual, though not extremely rare, massive stars. Since massive stars are commonly produced wherever star formation occurs, and since very early stars are also expected to be very massive, it is quite plausible that at least some GRBs originate in very distant objects. GRBs are being increasingly recognized as potentially powerful probes of the very high redshift Universe (e.g. Loeb 2003). Furthermore there is mounting evidence that these bursts are closely associated with the formation and collapse of massive stars (e.g. Matheson et al. 2003). This evidence indicates that they can occur in significant numbers at early epochs, perhaps up to the time of formation of the very first stars (e.g. Bromm & Loeb 2002). Therefore, the GRBs and their afterglows play a unique role as beacons illuminating the so called ‘dark ages’ of the Universe (e.g. Barkana & Loeb 2001). The mere detection of very high redshift GRBs would give us our first information of the earliest generation of stars. 
The Lyman-a forest visible in the spectra of GRB afterglows can be used to trace the properties of intergalactic matter and to probe the large-scale structure of the Universe at very high redshift (e.g. Lamb & Reichart, 2000). With high resolution follow-up observations from ground, it might be possible to track the evolution of the metallicity of the Universe. An issue of specific interest is the epoch of cosmic reionisation. The answer to when and how reionisation in the Universe occurred and what caused it is crucial because of its implications for the formation of the first stars and galaxies and their evolution. 

The expectation that GRBs and their afterglows are both observable out to very high redshifts is at least partially supported by the relative ease with which very large redshifts (z = 3.14, 4.5) have already been observed.  This same expectation is considered one of the possible explanations for the lack of optical counterparts in a large (40%) fraction of GRB's afterglows, all of which have detectable X-ray emission. The gamma and X-ray luminosities of typical bursts make them detectable even as far out as z=10-20, but the afterglow signature of their distance is outside the observational range of SWIFT, the NASA space mission due for launch in October 2004 to detect GRBs of redshifts up to 5.  For this reason, we propose an ESA space mission, X-red, dedicated specifically to finding early Universe GRBs which have been redshifted into the X-ray region (z=5-30), and then observing their optical emission redshifted into the IR range.
Based on the literature, observations of the Universe at redshifts of z=0 to 5 allowed us to base the design of our mission on three important assumptions: GRBs are produced by hypernovae, GRBs have the same properties in the early Universe as they do today; and finally, flux extrapolation is possible to high redshifts. However, we are aware that there are several theories about the early Universe (z= 5-30) that predict even higher GRBs frequencies and fluxes. Therefore it should be noted that our assumptions constitute a worst case scenario.
We expect our primary science objective, the detection of high redshift (z>10) GRBs, to yield in the order of 10 GRBs in the period of 3 years. However, we expect to detect at least 100 GRB of z>5 in the same period, a distance beyond which GRBs have not yet been observed. Furthermore, with the chosen design of our mission, several secondary science goals are also facilitated. First, the infrared spectra of the GRBs may provide valuable information about the intergalactic matter at z= 5 - 30.  Second, due to the fact that we intend to avoid observing in the galactic plane, the secondary objectives have an extragalactic focus.  For example, star burst regions may be observed in order to detect X-ray flashes of proto-stars.  Our mission is perfectly equipped for such applications without any compromise in mission design.  Last but not least, observation time may be made available to the science community on the X-ray and infrared telescopes which can be pointed elsewhere while waiting for GRB detections in X-ray with the wide field camera.  

Finally, there are three important ways in which X-Red exceeds SWIFT: The sensitivity for large redshift GRBs is significantly improved by observing the soft and the hard X-ray region - the effective area is five times that of SWIFT; and the payload includes an IR telescope for observation of extremely redshifted optical afterglows from very distant GRBs. 

2.  Payload Design 

2.1  Observable Science Data 

The expected number of GRBs that will be detected was estimated taking the detection rate of BATSE and the expected detection rate of SWIFT incorporating the effective area and the field of view of X-red. This gives in the order of 800 detections in the 3 year mission. Of these detections, around 10 % (in the order of 100 detections) will be from GRBs at a redshift bigger than 5, while 2 % (in the order of 20 detections) will come from redshifts larger than 10. These numbers were estimated from Fig. 3 in Hartmann et al. (2004), which was constructed assuming the higher sensitivity of X-red in comparison with SWIFT.

For a GRB the energy output peaks in the 100 keV to 600 keV band. For z>10 this is redshifted into the X-ray regime. We estimate the X-ray flux by scaling the luminosity by the luminosity distance (Yonetoku et al. 2004). The observed luminosities span a few orders of magnitude but tend to higher values at higher redshifts (Yonetoku et al. 2004). At z=10 the observed luminosities are a few times 1053-1054 erg/cm2/s. At smaller z luminosities can go as low as 1051 erg/cm2/s. To get the expected number of photons at a given energy the GRB spectrum given by Meegan (1998) is integrated over the frequency. Due to the time dilatation the length of the GRB is extended by z+1, the peak of the burst duration distribution is at ten seconds, therefore a typical high redshift burst will last for about 100s. The flux of the X-ray afterglow is one to two orders of magnitude lower than the actual burst (Paradijs et al. 2000).
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Fig. 2.1. The flux distribution calculated assuming a luminosity of 1054  erg/cm2/s. Since the observations span about three orders of magnitude we might expect also bursts that are at most three orders of magnitude weaker than given in this plot. At higher frequencies we expect roughly one tenth of the photons given in this band.

Although the number of photons increases at lower frequencies, also the diffuse X-ray background increases, therefore we need to limit the field of view of each wide field camera in order to see the source above the background.

The absorption in the X-ray band is a function of the density of the interstellar medium (ISM) and the energy of the photons. The wide field cameras observe from 0.1  to 100 keV  and the X-ray telescope from 0.1 to 10 keV. In this wavelength range the absorption is due to photo-ionization, which is highest at low energies and drops with the third power of energy. 

We have chosen an observation field at the galactic pole. From this position the hydrogen number density NH in the line of sight in our galaxy is about 1020 cm-2 (private communication with Günther Hasinger). According to (Wilms et al., 2000) we expect at 100 eV an absorption of 4 %, which decreases fast with energy. The metallicity is low in the vicinity of the source. Additionally the light is red-shifted when it reaches the detector, so the absorption took place at a higher energy, thus the absorption is negligible.

The effect of distance and redshift tends to reduce the spectral flux in GRB afterglows in a given frequency band (Lamb & Reichart 2000). However, time dilatation effects increase flux at a given observation time after the GRB.  Combining these effects demonstrates that the spectral energy flux of GRB afterglows in a particular frequency band shows little or no decrease, Fig 2.1. This figure was used to calculate the expected flux which will be received in the K-band after typical times of observation.  Some of the computed values are given in Table 2.1.
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2.2  Instrumentation
2.2.1  X-ray
The X-ray wide field imaging will be done by four Wide Field Cameras (WFC) on board of X-red with a total weight of 97 kg. The principles of those detectors are coded mask cameras on board of satellites such as BeppoSAX and Swift. 
There are two detectors in each of the WFCs. The soft X-ray detector, a 70x70 cm2 DEPFET sensor, is placed over the hard X-ray detector that is a 70x70 cm2 CdTe detector. The new DEPFET technique is based on the capability to allow a multiple, non-destructive readout in an X-ray CCD. With this method, the readout noise can be reduced down to 1 e- r.m.s, allowing imaging with a higher signal-to-noise ratio. 

The CdTe detectors used are based on the “NeXT” technology, which allow a high uniform and good low energy response. A tungsten mask is used as the imaging device. Of the mask elements, around 33% are perforated, i.e. transparent to X-rays. This structure between the detector and the mask allows the X-ray photons to reach the detector through the mask only and fixes the position of the mask at a distance of 1,67 m from the detector. In front of the mask, a 6μm thick kapton foil is placed as a thermal shield. 

The field of view is 30° square (FWHM) for each of the cameras, resulting in a total field of view of 60°x60°. The angular resolving power is 6 arcmin (FWHM), determined by the mask-to-detector distance, the size of the mask elements (which is 3x3 mm2) and the detector position resolution. The source location accuracy is around 1 arcminute. It is expected that a typical GRB is detectable in two energy bands at z=20. 

	
	General layout
	Coded Mask 
	Soft X-ray detector
	Hard X-ray detector

	Width
	90x90 cm2 to

70x70 cm2
	90x90  cm2
	70x70 cm2
	70x70 cm2

	Height/Thickness
	167 cm
	0.5 mm
	~1 mm
	1 mm

	Weight
	97 kg
	53 kg 
	< 1 kg
	3 kg

	Number of elements
	_
	300 x 300
	700 x 700 
	700 x 700

	Size of each element
	_
	3 x 3 mm2
	1 x 1  mm2
	1 x 1  mm2

	Spectral range
	0.1 – 100 keV
	_
	0.1 – 10 keV
	20 – 100 keV

	Power consumption
	45 W
	_
	20 W
	25 W


Table 2.2 Technical properties of each Wide Field Camera devices. 

The second X-ray instrument on board is the X-ray Pointing Telescope (XPT) that determines an accurate position of about 1”-5” and retrieve a spectrum of the GRB afterglow. The principle of XPT is Silicon pore optics. The radius r = 28 cm and the focal length of F = 5.5 m give a total area of 2400 cm2 and a effective area of Aeff = 1s400 cm2 @ 1.5 keV, which is 5 times better than SWIFT. Because of the very low weight technique (Si-HPO: 200kg/m2) the mirror will only have a weight of 50 kg. We have a FOV of 10 arcmin a resolution of 5” and we even expect 2” within processing, which is also the mirror resolution on XEUS (Bavdaz et. al.,2004). The energy range that we will cover is 0.1-10 keV.
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Fig 2.3 Comparison of normal Wolter and pore structured optics. In increasing the stiffness an implication of a monolithic structure the pore structure is demand, which achieved a conical approximation (from Bavdaz et. al.,2004).
As detector we use a 3.2 cm x 3.2 cm Depleted Field Effect Transistor (DEPFET) with 640 x 640 pixel @ 50 μm. The prototype has ~ 150 eV FWHM @ T =300 K so that it is not necessary to have an active cooling.

The XPT will determine the position of the GRB very accurately and will extract a spectrum. With XPT it will be possible to determine the position of the GRB with an accuracy of 2”. Because the exposure time will be about 1s, additional follow-up observations from the ground would be possible in a very short time. To get a line spectrum the detector will be read out in a window mode, e.g. the impact area is read out additionally every 1 ms to get the energy information. This will reduce the data size enormously. The expected line profile will allow an additional determination of the redshift by strong Fe lines (6.4 keV and 7.0 keV).
2.2.2  Near Infrared Spectroscopy

For the detection of  GRBs between z = 4 and z = 30 we need an instrument that is sensible to the redshifted Lyman-α  break in the Near-Infrared (NIR). Therefore our expected values are:

z = 4 → λ0 = 1.34μm and z = 30 →λ0 = 3.77μm.
In this case the NIRCam/NIRSpec-Instrument which is used in the JWST would fit quite nicely to our goal! 

The NIRCam will be our imager in the wavelength range of 0.6 to 5 microns and will have a 10x10 arcmin field of view which is up to 5 times larger than JWST. The expected point-source sensitivity is ~ 0.3 μJy for wavelengths from 0.7 to 5 mm in 100 s exposure at a S/N of 10. 

The NIRSpec is a spectrograph in the wavelength range of 0.6 to 5 mm. The NIRSpec design provides 3 observing modes (R~100; R~1000; R~3000). For all modes the field of view will be 10x10 arcmin. The low resolution mode would be sufficient for us. To improve sensitivity, pixels with a larger projected size on the sky than those on NIRCam will be used (~0.3 arcsec). We propose to equip the NIRCam with Rockwell Scientific HgCdTe 2k x 2k detectors and a R~100 prism  like in the NIRSpec. 

	Diameter [m]
	Sensitivity [mJy] R~100
	Weight [kg]
	Height [m]

	0.85
	26.8
	50
	1.5


Table 2.3 Technical properties of the IR-telescope

The telescope itself is a lightweight reflector of Ritchey-Chrétien design like Spitzer or Hubble. The design philosophy of the telescope assembly is based on the following guidelines: 

· Maximize the use of materials with a very high stiffness/density ratio, high thermal conductivity, and low specific heat.

· Build the entire telescope of the same material to prevent thermal expansion mismatch complications, and to make the telescope assembly as dimensionally stable as possible.

· Select a configuration that minimizes the size of the major elements of the telescope assembly.

· Strive for the simplest possible design to minimize the number of parts, thereby reducing the time and cost for design, fabrication, and integration.

3. Mission Architecture

3.1  Mission Analysis

3.1.1  Orbit description

The spacecraft will be launched with a Soyuz-Fregat that might start at the spaceport in Korou. The launcher will be equipped with a ST fairing to carry the total payload mass of 1500kg. The dimensions are 3.5m in diameter and 7m in height including the Fregat upper stage for the injection to L2. A possible scheme of the flight to the final orbit is given in the following scheme. 

[image: image3.emf]
               Fig. 3.1 Illustration of the flight to L2-Point
(taken from http://wso.vilspa.esa.es/Conferences/Madrid_2003/Launchers_Russian_capabilities.pdf)

After arriving at L2 the spacecraft will perform a halo-orbit around the instable Lagrangian point with a total amplitude of 800.000 km. This orbit avoids eclipses and provides a stable thermal environment for the instruments. The telescope will be orientated on preferred fields of observation, excluding the galactical plane to avoid the high background and possible X-ray flashes.

3.1.2  Propulsion

In order to correct the flight trajectory to L2 from the injection by the launcher and service the offload of the reaction-wheels, as well as for station-keeping around L2, a propulsion system will be included in the spacecraft. Trajectory corrections of 50 m/s are taken into account and the station-keeping is calculated with 2m/s/yr.  Estimating a maximum lifetime of 10 years for the mission, that makes 20m/s. Thus the total correction will be ∆v = 70m/s. The propellant is chosen to be hydrazine. Calculations are done with a specific impulse of 230s. The mass of the propellant, tanks and thrusters add up to a total mass of 60 kg.  The distinctive masses for the propulsion system are shown in the following table.

	
	Mass in kg

	Propellant (hydrazine)
	50

	Tanks
	5

	Thrusters
	5

	Total
	60 kg


Table 3.1 Propulsion System masses

3.2  Spacecraft Engeneering

3.2.1  Spacecraft Structure

The spacecraft will be divided in two parts: The Service Module and the Payload Module. The Payload Module carries all the scientific instruments and includes the communication antenna, star trackers, sun shields and passive cooling radiators on the dark side. The Service Module includes all the devices necessary for housekeeping, attitude control, etc. The only exception is the X-Ray telescope, that because of its long focal length will be inserted partially in the service module. The service module includes solar arrays on the bright side and passive cooling radiators on the dark side. 

The structure has to provide the stiffness to the whole spacecraft necessary to survive the launch and to assure pointing accuracy. The instruments, that usually need to be at a specific operational temperature ,have to be shielded of from the solar radiation.

The structure of the spacecraft was chosen to be octagonal, because engineering is usually difficult with round surfaces. This is especially true for the solar panels. A drawback is that areas with a certain solar zenith angle will reduce the efficiency of the solar panels. The solar arrays also have a higher absorbance than white surfaces. This means that the spacecraft will heat up more, defining additional requirements for the thermal insulation. Specially the IR telescope has to be kept at a very low temperature. The upper limit of 50K can be achieved within the limits of passive thermal control.

The surface of the spacecraft has to be electrically conductive, avoiding potential differences that could cause discharges and damage to the devices on board the space craft. The spacecraft is supposed to be octagonal. The sides facing the sun have an effective area of 5 m x 3.25 m=16.25 m² witch would be sufficient for the solar arrays. Considerations were made for neutral frequencies on launch. The natural frequencies of a simplified spacecraft were calculated according to Wertz/Larson, Space Mission Analysis and Design.

In the following simplified dimensions were used:

	L
	7 m

	Ro
	3.5/2 m = 1.75 m

	Ri
	Ro-1 cm = 1.74 m

	EAluminuum
	7E10 N/m2

	mB
	1600 kg
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From the Launcher Vehicle Catalogue 2002 for Soyuz Fregat we have a critical value for the lateral frequency of 40 Hz. As we see here, we are with 80 Hz on the safe side. The lateral frequency is no problem at all.

Things maybe to be considered: The X-ray telescope will have a 50 kg mirror on top of a cone. This would maybe require the use of a more sophisticated model. But since 50 kg is rather low in comparison to 1600 kg total mass and time is short, we decided to neclect this.

3.2.2  Spacecraft potential

In order to avoid large potential differences on the payload, all the surface has to be electrical conductive and connected electrically. This could lead to potential problems on the heat radiators, because they should be kept isolated.

3.2.3  Power System

The principal components of the power system are:

· a solar array

· storage batteries

· a power regulator system

· a power distribution system.

The orbit for X-red around L2 will avoid eclipse, thus the solar array is the main power source. However a battery (estimated mass 10 kg) has to be provided as well. The reasons are:

· Providing peak power to the spacecraft

· Backup power source for possible problems with the solar array
The battery is still to be designed in its electrical parameters.

Preliminary results from some components of the spacecraft have arrived, so I’llmake a rough estimation of the power consumption:

	Device
	Power requirement

	WFC
	200 W (4 cameras)

	IR
	20 W

	X
	15 W estim.

	Momentum wheels
	100 W mean, 4*75 W peak

	Telecommunication
	100 W

	Data handling
	20 W

	Attitude sensors
	20 W

	Power system
	15%
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The total power consumption amounts to 475 W, so we take into account 500 W. The power system itself needs additional 15%, thus 575 W. There’s a power loss between solar panels and power system. According to Wertz/Larson the efficiency is 0.85n for daylight conditions, amounting to 725 W. To have a stable power supply for the instruments, the power should be higher. Wertz/Larson puts a efficiency of 0.55 for various degradations including design, assembly, temperature and inherent degradation.

The material chosen for the solar array is Multijunction GaInP/GaAs with an efficiency of 22%. Other materials arrive to almost 19%. Thus a value of 19% seams to be ok taken into account the degradation.

Q = Qs η A ηD cos(()

Qs= 1340 W/m²... solar radiation energy

η= 0.10...to allow for decay in efficiency of solar array material

ηD=0.55...efficiency of deployment

cos(()=cos(30°)...solar zenith angle (( is assumed max 30°)

Doing the calculation leads to A=11.36 m².

3.3  Telemetry

This section aims to estimate the amount of data produced by the various onboard instruments as well as at studying the best way to communicate with the ground stations. The largest amount of data will undoubtedly come from the wide field cameras. This is mainly due to the diffuse X-ray background, whose intensity we estimate as follows. The number of photons per energy range per unit detector area per steradian per second is given by the following expressions :
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Given that one WFC has a 70x70 cm2 area and a 30º x 30º  field of view, integrating (1) over the appropriate energy range (1 keV < E < 150 keV) yields a total number of 7600 photons per second (assuming a coded mask transparency of 33%). The relevant information that needs to be stored for every photon hitting the detector consists of three numbers: the X-ray energy and the (x,y) position on the detector. Since each of these is stored on 10 bits, it amounts to 30 bits per photon. As a conclusion, we expect the data rate of one WFC to be approximately 225 kbits/s.

We roughly estimated the data rate from the X-ray telescope and the IR telescope to be respectively 100 kbits/s and a few kbits/s. The following table summarises the individual figures and gives the overall data rate :

4 WFC


900 kbit/s

X-ray telescope

100 kbits/s

IR telescope

2 kbits/s

Housekeeping

2 kbits/s

Total Data Rate

1 Mbit/s

To allow for uncertainties in the bachground we double this value.

Given this large data rate, we are left with two possible scenarios, between which a trade-off will have to be reached through further study. The first, more optimistic scenario involves using a high gain, steerable antenna while waiting for a gamma ray burst; it would enable us to do “quasi-real time” processing of the wide field camera data (~15 seconds delay due to data downlinking, processing and uplinking), but there are various restrictions, e.g. currently available ground stations (that cannot ensure complete ground coverage) and limited observable region of the sky due to the high gain antenna pointing requirements. In addition to the latter antenna, a medium gain antenna would ensure minimal data transmission such as housekeeping, and could be used in case problems are encountered with the high gain antenna. Besides, the spacecraft must be capable of storing the data onboard for a limited time in situations where ground coverage cannot be achieved. Moreover, when observing a gamma ray burst with the X-ray telescope, the resulting data will be given priority over the wide field camera observations. For these reasons a significant amount of data (some 10 Gbits) have to be available for onboard data storage.

The second, less demanding scenario involves using a medium gain antenna similar to that of Herschel, which inevitably means onboard raw data processing and storage. Reduction and compression of the data should be sufficient to permit downlinking during a limited time interval (typically a few hours). 

As a conclusion, it is not yet possible to choose between these two options, and a more thorough study is necessary. It should take into account future industrial developments, such as improvements in antenna technology. However, the information we could gather leads us to the conclusion that the first scenario might well be realistic in 10 years.
According to our Team Tutor Niels Lund a data rate of 1.5 Mbps is required for the wide field cameras only. From the other instruments a lower amount of data is expected. To be on the safe side we choose 
2 Mbps. The calculations were done with the Satellite Design Tool. A Signal to Noise ratio of 5 dBi is required! This is a summary of the results:
f requency


7.75 GHz (X-band)

SC Pt 



25 W

SC Antenna Diameter

1.2 m

SC Antenna Peak Gain

20 dB

SC Antenna Pointing Error
0.01 deg

Data rate


2 Mbps

Altitude



1.5 Mio km

Ground Antenna Diameter

30 m

With this we get a S/N Margin of 6.32 dBi which fits to our requirements of 5 dBi.

3.4  Attitude Control 
To control the angular position and rotation of the spacecraft, during orbit and pointing, we include four momentum wheels in the system compartment of the spacecraft.

We have chosen this method and not monopropellant rockets because these momentum wheels are very precise and reliable in pointing. The fact that we do not need extra fuel for them is also a huge advantage.

We take a number of four: three are placed orthogonal and a forth one is put in a plane, tilted to all three orthogonal planes with an angle of 45°. We do so in order to have some back-up, when one wheel fails and to fasten-up the pointing speed.
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Fig. 3.4 Momentum wheel

The total mass of the spacecraft is estimated to 1,5 t. This means that, when the center of mass is situated at a distance of 1,5 m of the center of the spacecraft, we get a total moment of inertia of I = 1690 kg/m².

The company Valley Forge Composite Technologies, Inc. can provide us with momentum wheels that can store 14 Nms.

One can calculate the angular speed ω as the ratio of the torque τ (14 N m s) and the moment of inertia I (1690 kg/m²). In this way, we get an angular speed of 0,475°/s or 1° in 2 seconds. In other words, with these reaction wheels, we can cross the whole field of view of 30° in only one minute! This is a rather extreme situation, most of the time we can do much faster…

All wheels are lubricated for 5 years life. Lube system for 10 years of operation or more is available, so the wheels easily survive the foreseen ‘10-year’-mission without any problem.

The specifications are:

· max. angular momentum:
14 Nms

· Weight:
4 x 7 kg = 28 kg

· Size:

260mm x 150 mm

· Peak power:
4 x 75 Watt

Mean power:
100 Watt

4.  Cost Estimations & Funding

4.1  Cost Estimations

· Payload







15 M€
· Spacecraft bus:






41 M€
· Program level






  7 M€
· Ground Support Equipment




  5 M€
· Launch:







45 M€
Total estimated cost (without operation costs):



~ 113 M€
4.2  Possible funding sources

ESA will be our major funding source. At the moment, there are plenty of countries who would like to join ESA, such as Greece, Luxembourg, and several Central and Eastern European countries.  We will address their governments for possible funding. We expect a non-negligible amount of money from private companies and industry as a support in the costs for the instrumentation.

4.3  Outreach

To keep funding groups up to date and to ensure that they are aware of our achievements and of how public money is spent, we plan to hold large media events, press conferences and provide them with both written and visual material. We will set up exhibitions and planetarium shows, first only in the most important science centers and planetariums in every European country.  Later on we will also address all major science institutes in whole Europe. We plan to make a website with all information concerning our mission and make it possible for interested individuals to support X-red. In other words, we can give the community:

· Technology development

· Scientific knowledge

· Scientific popularization

5.  Conclusions
· GRBs are observable upto extremely high redshifts (z=10-30). Due to this high redshift, GRBs appear in the X-ray spectral range and their optical afterglows in the IR spectral range. 

· X-red can detect those GRBs and measure the redshifts with the IR telescope.  When X-ray lines are present, they can also be measured with the X-ray telescope. 

· In a 3 years mission we estimate to detect 10 GRBs with z>10.

Thus, X-red is a low cost mission which can do very exciting new science!
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� EMBED MSPhotoEd.3  ���Fig 2.2  Best fit spectral flux distribution of the early afterglow of GRB 970228, as observed one day after the burst, after transforming it to various redshifts and extincting it with a model of the Ly Alpha forest. (Fig taken from Lamb & Reichart, 2000)





Time after burst [s]�
Flux in the K band [Jy]�
�
10�
3 (2)�
�
60�
0.2 (1)�
�
300�
0.03 (2)�
�
600�
0.006 (4)�
�
36000�
0.0003 (2)�
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Table 2.1  Calculation of the expected flux in the K band from the afterglow of the GRB extrapolated from Fig 2.2
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