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A central feature of an Inertial Fusion Energy (IFE) power plant is a target that must be delivered to the target chamber center at a rate of about 1–10 Hz. Therefore, the IFE target fabrication is focusing on methods that will scale to a high rep-rate target production. To meet these requirements, an approach to fuel layering based on conduction cooling of a batch of moving spherical targets has been developed at the Lebedev Physical Institute (LPI).  The approach demands to use free-standing targets (FST) in each production step: fuel filling, fuel layering, target characterization and injection.

The LPI has been devising the elements of a high rep-rate target supply system over the last 20 years. In this report, special attention is paid to the results obtained in 7 different projects:

1. ISTC Project #512 (1996-2000)) 

- The FST-system of a closed cycle “filling–layering–injection” was firstly created and tested with 1-mm sized targets (layer thickness W up to 100 μm). This system can supply a laser facility with a driver energy El ~ 30kJ.

2. ISTC Project #1557 (2000-2004)  

- Creating a 100-projections micro-tomograph with a 1-m spatial resolution. 

- Formation of ultra-fine layers having an increased thermal stability was firstly demonstrated by FST method combined with using special additives to the fuel. 

3. IAEA contract #11536 (2001-2005) 

- The FST-formation combined with cryogenic targets (( 1 mm, W = 20-100 μm) injection (ν = 0.1Hz) was firstly demonstrated in a set of FST experiments.

- It was demonstrated in computer experiments that Fourier-transform holography allows to control the injected target parameters in real time. 

4. RFNC (Sarov)-LPI contract (2004-2006) 

- Design of the FST-based target system (( 3 mm, W = 23 μm) to supply the experiments on 300-kJ-multi-beam laser facility.

5. IAEA contract #13871 (2006-2010) 

-It is shown that the fuel layer must be in an isotropic ultra-fine (nano-crystalline) state to minimize risks of the layer destruction by the heat- and g-loads arising during target delivery. Such layers have not only a high mechanical strength but also a high thermal stability. 
6. ISTC Project #3927 (2009-2011)- EU project HiPER  
- Creating a specialized layering module for a high rep-rate FST-fabrication of HiPER-class cryogenic targets (( ~ 2 mm, W=211 μm; Еl ~200 kJ, ν > 1 Hz)
7. LPI-GSI-HEDgeHOB collaboration contract (2007-2008) 

- Design and feasibility study on a rep-rate fabrication & manipulation of HEDgeHOB cylindrical cryogenic targets for a low-entropy compression by heavy ion beams (FAIR, specific energy of incident beam Eib ~150 kJ/g, ν =1.0 target/minute). 
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