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Neutrino Physics and R&D at ANNIE
The  Accelerator Neutrino Neutron Interaction Experiment 



• Located in a powerful GeV-scale accelerator neutrino 
beam
– Fermilab Booster Neutrino Beam (BNB): ~1 GeV νμ
– Shared beamline with the Short-Baseline Neutrino (SBN) 

Program LArTPCs (SBND, MicroBooNE, ICARUS-T600)
• A flexible, Gd-loaded water Cherenkov detector

– Water target loaded with Gadolinium
• Excellent detection of neutrino-induced neutrons
• Ability to deploy target sub-volumes (e.g. Water-

based LS, GdWbLS) and various calibration sources
– Light detection using PMTs and next-generation LAPPDs
– Forward muon range detector for reconstructing high-

momentum tracks, front veto to reject upstream activity

The ANNIE Detector 
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Magnetic focusing horn

horn. The largest field values of 1.5 Tesla are obtained
where the inner conductor is narrowest (2.2 cm radius).
The effects of time-varying fields within the cavity of the
horn are found to be negligible. The expected field prop-
erties of the horn have been verified by measuring the
current induced in a wire coil inserted into the portals of
the horn. Figure 5 shows the measured R dependence of the
azimuthal magnetic field compared with the expected 1=R
dependence. The ‘‘skin effect’’, in which the time-varying
currents traveling on the surface of the conductor penetrate
into the conductor, results in electromagnetic fields within
the conductor itself.

During operation, the horn is cooled by a closed water
system which sprays water onto the inner conductor via
portholes in the outer cylinder. The target assembly is
rigidly fixed to the upstream face of the horn, although
the target is electrically isolated from its current path. At
the time of writing, two horns have been in operation in the
BNB. The first operated for 96! 106 pulses before failing,

FIG. 4 (color online). The MiniBooNE pulsed horn system.
The outer conductor (gray) is transparent to show the inner
conductor components running along the center (dark green
and blue). The target assembly is inserted into the inner con-
ductor from the left side. In neutrino-focusing mode, the (posi-
tive) current flows from left-to-right along the inner conductor,
returning along the outer conductor. The plumbing associated
with the water cooling system is also shown.

FIG. 3 (color online). Left: Neutrino event times relative to the nearest RF bucket (measured by the RWM) corrected for expected
time-of-flight. Right: An oscilloscope trace showing the coincidence of the beam delivery with the horn pulse. The top trace (labeled
‘‘2’’ on the left) is a discriminated signal from the resistive wall monitor (RWM), indicating the arrival of the beam pulse. The bottom
trace (labeled ‘‘1’’ on the left) is the horn pulse. The horizontal divisions are 20 !s each.
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FIG. 5. Measurements of the azimuthal magnetic field within
the horn. The points show the measured magnetic field, while the
line shows the expected 1=R dependence. The black lines
indicate the minimum and maximum radii of the inner conduc-
tor.
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• A suite of targeted neutrino-nucleus interaction 
measurements
– Neutrino-induced neutron production
– Characterizing backgrounds for future DSNB and 

proton decay searches
– Leveraging BNB experiments for precision multi-target 

cross section measurements (argon/water)
– Key cross section ratios and correlated hadron 

production constraints
– Snowmass LoI: Physics Opportunities at ANNIE

• A flexible R&D testbed for future large detectors
– Gd loading: 1st Gd-H2O target in a neutrino beam
– LAPPDs: First neutrinos on LAPPDs (2022)

– Multiple LAPPDs deployed now, more coming
– WbLS: Water-based LS sub-volume deployed now

– Future plans for a full WbLS fill, opportunity to 
prototype e.g. Theia beam (LBL) physics

– Snowmass LoI: ANNIE Detector R&D

ANNIE in the broader program
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https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF6_NF1_Mayly_Sanchez-139.pdf
https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF10_NF6-IF0_IF0_Mayly_Sanchez-133.pdf


• Small-scale experiments offer clear benefits to the 
particle physics community 
– Targeted measurements (physics and R&D) 

inform the larger programs
– Flexibility to address evolving needs

• Projects provide an ideal training ground for early 
career scientists
– Experience all facets of experimental physics
– Broad expertise for executing physics 

projects, skills the technical workforce
• Realizing these benefits requires robust and 

predictable funding in the coming years
– Such projects have a high impact-to-cost ratio
– Strong support enables creative, high-impact 

science and excellent training opportunities

Role of small-scale experiments
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