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ABSTRACT
Highly sensitive detectors, as used for the ATHENA/X-IFU "X-rays" instrument, require 

cooling down to 50 mK. To achieve this in a closed cycle cooling chain, offering a long mission 
life, mechanical coolers are used both to cool down thermal shields and to cool down the focal 
plane itself. CEA has been working on 15 K pulse tube coolers based on a single-stage pulse tube 
precooled at different interface temperatures. Most notably a 2-stage 15K pulse tube based on an 
intercept stage and a 80 K single-stage pulse tube has reached TRL 6 in a partnership with Air 
Liquide and Thales Cryogenics. In addition CEA-SBT developed a TRL 6 model of a two-stage 
coaxial pulse tube. This project was initiated under a CNES program and recently improved under 
an ESA project with Thales cryogenics and Absolut System. This two-stage pulse tube can provide 

and CEA EM two-stage cooler. For cryogenics instrument, such as the ATHENA/X-IFU, which 
includes several cryogenic shields, a 3-stage pulse tube cooler may improve the overall cryochain 
design in particular in regards to redundancy aspects. In this paper we describe the experimental 
coupling of the two-stage pulse tube with an intercepted low temperature pulse tube, making it an 

INTRODUCTION
Future astrophysical space missions are aiming at long duration, over 3 years, ruling out the 

-
peratures down to 50 mK are necessary to provide the sensitivity required for the incoming low 
temperature space missions. Such cooling requirements are commonly based on full cryogenic 
chains including a sub-Kelvin cooler, a JT cooler and a precooler. Many developments on each type 
of cooler and especially on precoolers have been made. To obtain the best JT cooler performances a 

SHI [7]. Lockheed Martin [1] and NGST [2-4] have developed 3-stage 10 K class pulse tube coolers. 

been working on regenerator materials and intercept pulse tube geometry since early 2000 under 
CNES and ESA program [3] [5] [6] [[8-16]. The development of single and double intercepte pulse 
tube coolers, as described on the Figure 1, has been studied. Based on CEA breadboard activities, 
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in 2014 an engineering model has been developed by Air Liquide Advance Technology (ALAT) in 
the framework of an ESA program [10- 20]. This cooler is a single 10 K class intercepted pulse tube 
precooled between 80 K-120 K by a large pulse tube cooler (LPTC) [11]. This cooler is baselined 
on the ESA ATHENA mission scheduled for 2030 for the X-IFU instrument [16] [17]. It will be 
cooling thermal shields, harnesses and provide precooling for the JT coolers.

CEA has developed a two-stage pulse tube cooler for earth observation [12] to provide about 

In the last few years, under an ESA program with TCBV and Absolut System, CEA has improved the 

level of   by being coupled to a Tales Cryogenics BV (TCBV LPTC) class compressor [19-21]. This 
two-stage cooler was also foreseen as a precooler for the 10 K class cooler under development. For the 
ATHENA/X-IFU instrument, which includes several cryogenic shields, a 3-stage pulse tube cooler 
may improve the overall cryochain design in particular in regards to redundancy aspects. In 2018 
a CNES R&D program has been started at CEA to study in a breadboard campaign the capability of 
a 3-stage 10 K class pulse tube cooler.

pulse tube cooler and show the impact of precooling temperature and parasitic heat losses. The ESA 
two-stage pulse tube cooling capability is then presented along with the performances of the DM 
we will be using for our breadboard test campaign. Finally the demonstration model test set-up of 
a 3-stage pulse tube will be described and according to past measurements [8], of cooling perfor-
mances and heat losses, predictions will be presented. 

STATE OF THE ART ON ESA 15 K PT
In the framework of the ESA CTP DCS [22] the 15 K PT cooler compressors and buffer have 

been disassembled in order to be rearranged at CEA for its coupling with a 2 K JT from JAXA. 
Before making the coupling with JT, acceptance testing was performed at CEA and results are 
presented on the graph of the Figure 2. The test has been made in a simple vacuum vessel and only 
cold tips have been wrapped with 10 layers of MLI. As an example of a possible operating point 

lower with a precooling of 135 K rather than 75 K. The parasitic heat losses of the 15 K PT EM 
-

 Figure 1. Schematic of intercepted 10 K class PT with single and double heat sinks
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30 K-50K TWO-STAGE PULSE TUBE COOLER 
The coaxial two-stage pulse tube cooler has been developed to be coupled with a LPTC type 

power measured minus the Joule losses. This PV power is therefore overestimated (or pessimistic in 
regards to pulse tube performance) because all other compressor losses are neglected, but that gives 

are tested in a 293 K thermo-regulated vacuum chamber, after being entirely wrapped in MLI. The 
performance of the ESA EM and the DM coax are presented on the graph of the Figure 3. The DM 

Figure 3. of the ESA and the DM coax 
two stage pulse tube coolers

Figure 2. ALAT 15K PT test set up at SBT and performance results prior to the coupling with the 2 K 
JT from JAXA
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theses heat loads we measured temperatures of 118 K and 53 K These temperatures might change 
slightly depending on the position of the second intercept position on the regenerator. In the same 

3-STAGE BREADBOARD PULSE TUBE

Cooler Design

Figure 5 gives an overview of the set up. The DM coax is a close 
version of the ESA EM. Ti-4Al-6V tubes are used for the external envelop for example. For the 
DM 10 K, tubes were stainless steel leading to higher conductive parasitic heat losses, even with 

electrical input power, we expect the PV power sharing will be very similar to the current 15 K PT cold 

made out of two TCBV 9710 units, connected together, in order to meet the same swept volume as on 

power sharing. The second intercept will be placed at 15 or 20 mm from the top of the cold regenera-
tor. These positions have been pretested previously [8] [9]. The DM coax second stage heat exchanger 

Large capacity heaters will be implemented on the DM coax in order to provide data in terms of 

cooling power in the range spanning 10 K-30 K. 

Figure 4. Picture of DM coax and CNES EM. Effect of operating frequency and pressure filling on DM coax
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of the double inlet by a lower precooling temperature.

Performance Expectation

coax, the precooling temperature on the second intercept is expected to be  53 K. According to the 
extrapolation down to 50 K precooling temperature presented on the graph of Figure 2, the expected 

For a real life cryostat implementation, such as as for the current 15 K PT from ALAT, the pulse 
tube will be used for cooling at the intermediate stages and additional heat loads will be applied on 

tubes coolers.

of the Figure 2. In order to keep the same cooling power at 15 K on the 3-stage pulse tube, the 
temperature of the second intercept (T pc-2 on Figure 5) should be 70 K if a linear thermal gradient 
into the regenerator is assumed. 

The graph of the Figure 6  gives an overview of the expected extra heat loads which could be 
applied on the two-stage pulse tube DM coax while keeping 70 K on the second intercept. As an ex-

get the best performances on the 3 stages as it has been done with the 2-stage 10 K class ESA EM.

Figure 5. Breadboard 3-stage pulse tube set up
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Redundancy Approach 

calculate the cooling capabilities of the two designs at the operating points described in the Figure 1, 

using experimental data. Shown in Figure 7 is the available measured data. In the experiments, 
the rejection temperatures were not all the same, ranging from 283 to 288 K and at 293 K, but for 

common rejection temperature of 293 K (X-IFU possible base line). 

precooler losses contribution. 
Afterward we estimated the conductance of the two section of the cold regenerator (A & B on 

for a second intercept place at 15 mm from the 134 K regenerator side ( A = 15 mm). Moreover, 

thermal conductivity increase of material comparing to the 85 K-15 K section.

the upper stages is about the same in total with a 3-stage pulse tube as the 15 K EM cooler. 

Figure 6. Expected temperature of the precooler as function of extra heat load applied on the two 

Figure 7. Losses measurements: 15 K ESA EM, LPTC [23], 30 K - 50 K ESA EM [21]
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However, the 3-stage pulse tube provides a colder intermediate stage which could reduce heat load 

might be slightly changed to suit a 3-stage design, especially the position of the second intercept 
and the overall cold regenerator length.  

Figure 8.
complete 3-stage pulse tube

Figure 9. Examples of cold redundancy cooling capabilities for 2-stage and 3-stage 10 K class pulse tubes
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CONCLUSION
The study of a 3-stage 10 K class pulse tube is made at CEA in order to gauge the interest for 

a space instrument such as the Athena/X-IFU, while comparing it to the current 2-stage 10 K class 
pulse tube issued from ESA contract by ALAT and CEA. A DM model will be built in order to 
measure the operating temperatures and levels of cooling power at each stage. 

-

as low as 53 K are foreseen this will improve the cooling power at the low temperature cold tip. 

has been done to compare the operation of coolers in two and three stages in cold redundancy. By 
looking only at one operating point for each cooler, the output is that equivalent cooling power is 

might be more interesting for cryostat architecture design.  
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