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1.
Introduction

We report on the progress made with respect to the development of a prototype for the EuroCryoSpectrometer on XEUS/Con-X since our meeting in Utrecht on 26/27 October 2004. The purpose of this report is to make sure that you are all up to date and we can prepare for our next meeting in April (see below). This document has not been explicitly verified with the potential partners. This may mean that our understanding is not entirely correct, or that the situation in your group evolved since the meeting (and our subsequent discussions). Corrections are most welcome and we like to apologize for any inaccuracies that may appear.
To some extent this work is a natural extension of work performed as part of an ESA TRP contract (Cryogenic Imaging Spectrometer –CIS-) in which SRON (with MESA+), VTT and Leicester University participate. Purpose of this contract is to build a small TES calorimeter array (without multiplexed read-out), integrate this with an ADR developed under separate ESA (MSSL, Astrium) contact and to test this detector at the Bessy synchrotron. Where possible and efficient the prototype will make use of the results of this work.

A second ESA TRP contract for multiplexed read-out of cryogenic detectors (X-10) is likely to be issued this year for which SRON and VTT, together with some other partners, will propose to develop a read-out system based on frequency division multiplexing.
We are still searching for a better name: Eureca (EURopEan Cryogenic Array) has been suggested but would not cover a potential Japanse contribution and has been used too often. Better alternatives are most welcome.

2.
Document references
[1]
EUROCRYOSPECTROMETER, Prototype Definition Document, 21 December 2004, P. de Korte

3.
Current initiatives

3.1
Design
A prototype definition document has been generated which is not yet complete and is still changing. But nevertheless this document gives the required background for the prototype. Key parameters for the prototype include:

	Parameter
	Value
	comment

	Array size
	5 x 5
	Read-out through 3 or 4 channels (3 x 8 or 4 x 6)

	Pixel size
	0.25 x 0.25 mm2
	Bi absorber and 0.16 x 0.16 mm2 TES (Ti/Au)

	Number of independent signal chains
	3 or 4
	Depends on interest to provide a signal chain

	Saturation energy
	3 keV
	

	Energy resolution (goal)
	1 eV
	Between 0.2 and  2 keV

	Decay time
	100 s
	Corresponding to 17.5 % pile-up at a countrate of 250 c/s

	transition temperature
	100 mK
	With use of ADR


The schematic drawing of the detector design is shown in figure 1 in which the different components are shown. As can be deduced from this drawing the detector array is read-out by a multiplexed system based on Frequency Domain Multiplexing. In Figure 2 a more detailed design is given, showing the various sub-units. In this drawing it is assumed that the detector is read-out through 3 different signal chains (but this could become still 4 chains).

[image: image1]
Fig. 1:.
Schematic drawing of the EuroCryoSpectrometer
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Fig 2.
Block diagram for the EuroCryoSpectrometer (preliminary version)

The current baseline is to implement Frequency Domain Multiplexing. The different options to implement FDM are shown in Figure 3. Although we expect to reduce these options based on detailed analysis, potential attractive solutions can be implemented in parallel and tested as separate signal chains in the prototype. This will reduce the risks on one of the most critical areas and also allow for substantial participation of different groups.
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Fig 3.
Illustration of various options to implement FDM

The present energy resolution of a single TES calorimeter is still not close to its theoretical values. Investigations in excess noise, absorber properties, production processes and environmental conditions during measurements (EMI) are therefore crucial and will be undertaken by various groups in parallel. Final goal is to meet the 1 eV resolution requirement for the TES pixels.
3.2
Participation
Face-to-face discussions have been held with quite a number of you and we were pleased to welcome you in Utrecht. Depending on the availability of funding the following interest has been expressed:

· The ADR, developed by Astrium UK and MSSL under ESA contract, will become available to the consortium. MSSL has expressed its interest to be part of the collaboration and provide the required ADR related support;

· Leicester participates, together with VTT, in an ESA TRP contract to develop a Cryogenic Imaging Spectrometer (small array). Within this contract Leicester is responsible for the data acquisition and pulse shape analysis. In addition they are responsible for integrating the TES arrays in the ADR (the relevant cryo harness and X-ray filters). They expect to be able to provide a similar contribution to the prototype. Depending on funding there is also interest in developing a signal chain. 
· VTT/Finland is the other main partner in this ESA TRP contract and is responsible for the SQUIDs.  Together with SRON work has started for array read-out based on frequency division multiplexing. Provided that Finish funding can be secured, it is the intention that VTT/SRON will provide one of the signal chains based on baseband feedback at room temperature. Main emphasis of the VTT work will be to mature the SQUID amplification chains consisting of DC SQUIDs, unshunted SQUIDs, SQUID arrays, and the coupling to a warm Low Noise Am,plifier (LNA)
· Spain (Santander, Barcelona and Madrid) will investigate the possibilities to produce TES bilayers based on MoAu and/or MoCu,  LC filters for the camera head, and provide support for the data analysis (extraction of observables from the data such as I-V curves, ….). Possibly other groups will also explore the development of LC filters (SRON, JAXA/ISAS)
· The Paul Sherrer Institute might be interested to provide the bias voltages and the instrument controller but, due to some internal discussions about the future direction of the astrophysics group at PSI as well as the expected retirement of the group leader, this contribution is far from secure.
· In Italy the INAF (Rome) and INFN (Genua) groups are planning a significant development of TES calorimeters. Discussions have been held in an early stage focussing on SQUID development, cold amplifier and basic research activities (absorbers, excess noise). Given the fact that the funding situation of ESA’s X-10 TRP project has drastically changed, it is planned to have further discussions between SRON and “Italy” about their specific contributions to the prototype.
· JAXA/ISAS: Last year SRON started discussions with the group of Mitsuda of JAXA/ISAS in the context of the planned Japanese missions NEXT and DIOS. Potential collaborations were explored with respect to the low energy spectrometers for which the most likely technology will be TES calorimeters and frequency division multiplexed read-out. Recently the group visited SRON and discussed possible further collaborations. Areas of clear interest with respect to the prototype include the array SQUID (from Seiko), the potential of magnetic field summing for the read-out of a column, LC filters and the digital de-mux. Apart of these prototype related activities significant work with respect to the physics of devices is also planned (absorbers, SQUIDs etc).
As indicated contributions depend on the available national funding. Participating in a collaborative effort in Europe may help. In addition a cryogenic spectrometer is part of the ESA GSTP program (technology selected by ESA but carried out by institutes at member states, financed directly by the member). Reference to this program could help to raise national funding. 

3.3
Planning
It is unlikely that decisions about missions in the cosmic vision 2015-2025 program will be taken in 2005 by ESA. Still we should aim to have an operational prototype by the middle of 2007. Therefore we propose for the short term:

· kick off meeting in April 2005 where we consolidate the desired work division and define the approach to prepare for a design review early Autumn;
· preliminary design review meeting (August/September 2005) where the design is reviewed, interfaces are defined and partners commit themselves to the delivery of units/systems and a schedule

Following this we expect to have twice/year a consortium meeting to discuss the progress

4
ESA
Within ESA and the XEUS Science Advisory Group there is agreement that Europe should aim at a 2nd cryogenic instrument on XEUS/Con-X focussed at the low energies (0.1 – 2 keV). Two promising options have been identified (STJs and TES calorimeters) with a potential third technology (magnetic micro calorimeter) emerging. These were also presented at our first meeting. In view of the demonstrated performance, and the time available till the payload is selected, none of these technologies should be discarded at this point in time. Discussions with ESA are ongoing to explore possibilities to continue the development of the STJs within our consortium, but at the same time recognizing the limited resources which seem to inhibit the development of more than one full fledged prototype. 
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