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The Accelerator Neutrino Neutron Interaction Experiment <

ANNIE Is a neutrino experiment deployed on the Fermilab Booster Neutrino Beam

wPhysics: measurement aimed at better
understanding neutrino-nucleus
Interactions

wTechnology : An R&D platform to develop
and demonstrate new neutrino detection
technologies/technigues

wTraining: 10+ Annie postdocs and
students now have faculty or permanent
lab positions

We have an international collaboration, consisting of
45 collaborators from 17 institutions in 6 countries
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Gd-Loaded Water Target
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Close proximity to a high intensity GeV-scale neutrino beam makes ANNIE well-suited
for high statistics cross-section program, primarily on O and H.

Primary physics goal: Neutron multiplicity and CC cross sections as a function of
kinematic variables such as lepton momentum and direction

SNO,PRD99(2019)11,112007
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] _ Ryosuke Akutsu, PhD thesis (2019)
w Measuring correlated cross sections on the same beam as LAr

w Sub-nanosecond timing with respect to beam RF (new techniques/BSM)
w Neutral current measurements with gamma cascades and neutrons
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Emerging Technologies 6

ANNIE Is a flexible test-bed for next generation detector technologies
(novel photosensors/fast-timing and novel detection media)

FirstAn Ql@tectedwith LAPPDS

Adding LAPPDs to PMTs enhances ,
prompt signal

Interaction vertex resolution, fiducialization. M
0O
VU p ::: n
FirstA Qlétectedin WbLS y P
o Gd-water (High efficiency
Deployable volume of water-based <ays. neutron tagging)
liquid scintillator (WbLS)
(Calorimetry, elements of interaction e ciaa FirstA Ql@tectedin Gdwater
elayed signa

below Cherenkov threshold)




A Schematic of a Typical Event
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1. CC interaction in the fiducial volume produces a muon, reconstructed In
the water volume and MRD

2. Neutrons scatter and thermalize
3.- 4. Thermalized neutrons are captured on the Gd producing flashes of light
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Reconstruction 1n ANNIE .

A MRD requirement restricts € momentum and

ANNIE leverages multiple detector subsystems to angular coverage
reconstruct muon angle and energy, using both A 0.4EE.E12GeV,d;3 60
Cherenkov (scintillation) light in the water volume and A Tank-only ring reconstruction (under development)

the MRD.

enables wide coverage for CC kinematics

Muon energy distribution - beam events
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Neutron Detection | .

S ANNIEPreliminary
ool Prompt Sample event
w Tank PMTs used to detect neutrons |
wNeutron capture time profile from beam data I
agrees well with prediction for nominal 0.1% Gd i delayecneutron capturesin extended
: aslL acquisitionwindow (70 s)
concentration. I ?
i n
- - . 200 §
wPosition dependent neutron capture efficiency has | !
- . . 00' 10000 20000 300 40000 50000 60000 7000
been measured to be consistent with expectations: cooTm e
M. Nieslony, PhD thesis (2022)
~55-70%. )
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LAPPDs Then and Now G
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