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The Use of Precision Beam Timing in LBNF/DUNE
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We propose to use a higher-frequency RF bunch structure for the primary proton beam on tar-
get and precision timing to select different energy and flavor spectra from a wide-band neutrino
beam, based on the relative arrival times of the neutrinos with respect to the RF bunch structure.
This ‘stroboscopic’ approach is complementary to techniques that select different neutrino energy
spectra based on the angle with respect to the beam axis. A timing-based approach allows for the
selection of varying energy spectra from the same on-axis detector, and applies equally to both
the near and far detectors in an oscillation experiment. Energy and flavor discrimination of neu-
trinos produced by hadrons in-flight will require proton bunch lengths on the order of 100 ps and
commensurate time resolution in the detector. Correlating neutrino events with the parent proton
interaction is currently limited by the nanosecond-scale width of the proton bunches impinging on
the target. We show that these limitations can be addressed by using a superconducting RF cavity
to rebunch the present 53.1 MHz RF bunch structure with a factor of 10 higher RF frequency, thus
attaining the required shorter bunch length.

The details of the approach are described in Ref [1]. Possible implementation of fast timing
within the current parameters of LAr-TPC technology is described in a Snowmass Whitepaper [2].
Fast timing is also possible in water-based neutrino concepts such as Theia and could be demon-
strated in the ANNIE experiment in the next several years.
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