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The project TOWARULTRA aims at revolutionizing ultrafast laser physics with photonic effects and correlated materials. It focuses on 3 objectives: O1) Controlled generation, characterization, and application of massive quantum states (MQS) of light; O2) Interfacing quantum light and quantum materials; O3) Quantum high harmonic spectroscopy of quantum phases in strongly correlated materials. We envisage numerous applications, leading to technology breakthrough and opening paths to patents and licences. In O1 the tasks are: Generation of MQS of light and light-matter, characterization of MQS of light and light-matter, applications in ultrafast non-linear optics, applications in ultrafast quantum metrology and sensing. In O2 that tasks are: Quantum light sensing of light-driven topology in multilayer TMDC, Quantum-optical properties of harmonic generation in TMDC driven by bright squeezed vacuum (BSV) light. Finally, in O2 that tasks are:  Robust HHG fingerprints of correlated quantum phases using classical coherent light, construction and characterization of the BSV light source, BSV-driven HHG and quantum metrology of correlated phases, and HHG spectroscopy and control of CDW order in TiSe₂: role of electron–phonon coupling.
The consortium has a unique expertise, experience and necessary knowledge to realize these tasks. We have already obtain many preliminary results, which assure that the project, although very risky, is feasible and within the reach of our hands. We will use all possible state-of-art experimental techniques and approaches, as wll as all accessible methods of theoretical physics and numerical simulation. We actively us artificial intelligence and neural networks tools. The clue to the success lies in collective work of experimentalists and theorists, aswell as the active educational program involving postdocs and students. 



