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The need for technology within the project

Constructing a tool for comprehending the laws of the Universe poses a challenging task, demanding national
funding and establishment of connections between diverse research groups and engineering teams. One such tool
is particle accelerator, involving acceleration of light and heavy particles to near-light speeds, followed by collisions
or the generation of secondary source radiation, opening new opportunities for exploring the Laws of Nature.
Conventional facilities like SPring-8 in Japan or the Large Hadron Collider necessitate accelerators ranging from
several hundred meters to nearly 30 kilometers in length, consuming extensive space and resources. Alternatively,
high-intensity light is utilized to accelerate particles, exemplified by laser plasma electron acceleration (LPA) [1].

Technology

The LPA relies on a Petawatt laser source creating plasma in a guided channel for accelerating electrons through
plasma wakefields. Recent advancements include demonstrating petawatt (PW) laser-guided electron beam
acceleration to 8 GeV in a laser-heated capillary discharge waveguide as part of LPA. However, the current size of
PW-class lasers negates their compact acceleration advantages. Addressing this, there is a critical need to reduce
the size of petawatt (PW) lasers. Overcoming challenges related to achieving pulse energies greater than 2 Joules
and a compact, room-temperature-operating laser source with a repetition rate of 100 Hz remains a significant
focus in laser-driven electron acceleration.

A novel approach introduces an artificially-bonded composite structure using Distributed Face Cooling (DFC). This
structure employs intermediate-layer assisted surface activated bonding (il-SAB), relying on surface activation and
mechanical press at room temperature, eliminating internal stresses. Combining il-SAB bonding with DFC enhances
thermo-mechanical properties, including effective thermal conductivity and thermal shock parameter.

We have successfully developed an amplifier system designed to operate at a repetition rate of up to 25 Hz,
delivering over 2 J of energy with a sub-nanosecond pulse duration. The system comprises a front-end system
providing over 100 mJ of energy to the main amplifier, which includes two main amplifier stages. The primary
amplifier utilizes the DFC-PowerChip architecture and incorporates multiple bonded sapphire/Nd3*:YAG chips [2].
This amplifier system has been specifically designed to pump the Ti:sapphire laser used as a amplifier source in PW
systems used for laser-driven particle acceleration.

Application to other fields, future plans

In the realm of LPA, the downsizing of large lasers for electronic drive signifies a pivotal shift, mitigating the
limitations imposed by conventional RF cavity- based accelerators. The potential to accelerate electrons to higher
energies with a TILA-driven system not only streamlines LPA applications but also extends the reach of laser-driven
electron acceleration to diverse fields such as engineering, chemistry, and medicine. Furthermore, the innovative
bonding techniques introduced in this research lay the groundwork for the development of compact, high-power
lasers that transcend current size constraints. This breakthrough paves the way for transformative applications,
including advanced materials synthesis, drug development, and precise particle beam cancer therapy. The fusion of
compact laser systems, TILA modules, and cutting-edge bonding methodologies promises a future where powerful
lasers are not only more accessible but also more versatile, fueling progress and breakthroughs across a spectrum of
scientific and technological endeavors.
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Discharge Waveguide," Phys. Rev. Lett. 122(8), 84801 (2019).
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