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The goals of this project are to engage in the development of instrumentation to innovate and further particle physics research at the LHC, to further the use of Fermilab test beam infrastructure for efficient performance evaluation, and to provide future direction for a next generation of instrumentation for particle physics.
There are a number of interesting overlaps in the challenges that face the high luminosity LHC and future collider environments.  The use of timing information and the discrimination between signal particles from overlapping background become more and more central to the ability to do the physics analysis.  In the leading the analysis for the CMS HCAL Phase 1 SiPM upgrade of the barrel and endcap calorimeters, many studies were performed to enhance particle flow capabilities in the high luminosity environment.  The incorporation of TDC information into the QIE11 chip for SiPM readout is an effective step toward disentangling particles with timing measurements combined with finer longitudinal segmentation.  At this point the use of the timing information in the current CMSSW simulation is pending calibrations for the TDC response versus amplitude.  The trips to Fermilab will help with the augmentation of the test stand for the QIE11 to extract additional timing calibration information to be used in the simulation.  Progress is also needed on the DC coupling of the SiPM to the QIE11 chip.  Similarly, the effective use of the test beam area for QIE11 performance evaluation can be improved through stronger coordination with on site people, such as Jim Hirschauer and Aria Soha.

There is also strong interest in expanding the capabilities and channel capacity of the Fermilab test beam area to prepare for Phase 2 calorimeter testing with SiPM readout.  Potential replacement technologies for the HE megatiles are being proposed.  The darkening of the plastic scintillator in the HCAL endcap needs to be address by the time of the 2nd long shutdown (LS2).  One technology that looks promising is the use of crystal fiber readout.  This work will continued to be explored in the context of the forward calorimeter project, coordinated by Ron Lipton, and involving additional on site people such as Adam Para.

There are additional detector R&D projects that have the potential for great innovation in areas outside of the LHC.  One of these is the development of a 3D muon ionization imaging system that can be used in conjuction with a high intensity muon storage ring, such as that being considered by the nuSTORM project.  This instrumentation work is a conceptual investigation of what may be required to make this technology available and to develop initial input that may be timely for adding additional access or infrastructure to the future muon accelerator program (MAP).

This proposal covers four trips to Fermilab to meet and discuss with experts in the instrumentation group on the above topics.  On site hardware work is intended in the form of developing the existing test beam areas for use with QIE11 and Phase 2 calorimeter SiPM readout.  However, this work would consist mainly of organization and planning for hardware to be reconfigured or built.  The CMS project support for QIE11 development would be handled separated and is done in coordination with Tom Zimmerman, Julie Whitmore, Teresa Shaw, Jim Freeman, and Sergey Los.   All of whom are based at Fermilab.  During these trips, meetings with Sten Hansen, Adam Para, Paul Rubinov, and other members of the 14th floor team would greatly enhance the coordination effort for the development of these instrumentation strategies.

Ron Lipton is a central person behind the full range of the proposals made here.  He is a coordinator for the forward calorimeter system, a leader in instrumentation R&D, a collaborator on the CMS experiment and on the muon accelerator program detector R&D.  There is also a long-standing and productive working relationship between the PI and Dr. Lipton dating back to the DZero Experiment at the Tevatron.  These trips are an effective way for a university professor to learn and jointly collaborate with our colleagues at Fermilab.  The proposed list of development goals are timely and would greatly benefit support from the URA.
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