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Abstract: We propose to develop next-generation liquid argon time projection chamber (LArTPC) technology for Phase II of the Deep Underground Neutrino Experiment (DUNE). DUNE is a world-leading neutrino experiment to discover CP-violation in the lepton section and search for proton decay, among many other scientific opportunities. To achieve the 2014 P5 goals of 5 CP violation discovery over 50% of CP phase space requires two additional 10-kton LArTPC far detector modules (FD3&4) in the Phase II of DUNE. The required FD3&4 also provide new opportunities to enhance its physics discovery potential. To achieve this goal, we propose R&D activities for FD3&4 to significantly enhance both the light and the charge detection capabilities. For the light detection, we will develop an economical solution of low-power and highly-multiplexed cold electronic readout for photon detectors with excellent energy and timing resolution, which overcomes the bottleneck to achieve 4π light detection with >25% surface coverage (5-10 times larger than the Phase-I FD1&2). For the charge detection, we propose a novel PCB anode plane design to resolve topological ambiguities with projective charge readout. The enhanced light and charge detection capability will enable dual calorimetry (energy reconstruction with both charge and light signals) and 6-D tracking (3-D spacial trajectory, time, charge signal per unit length dQ/dx, and light signal per unit length dL/dx) for the first time in a large LArTPC detector. We propose algorithm development to achieve this new reconstruction with improved energy resolution and particle identification capabilities. We will perform physics analysis to prove the boosted sensitivity to CP-violation and proton decay, and further study new physics opportunities enabled by this technology. The success of this proposal will position BNL for leading roles in DUNE FD3&4 for the next decades.  
 
