The Accelerator Neutrino Neutron
Interaction Experiment
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. Note: The BNB has a bunch structure that
Neutrino Flux ANNIE will seek to exploit more on this later
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Ener Compositio BNB delivers these neutrinos as 81
E. ~ 800 MeV vu(92_ 9%), v, (6.6%), v, + v, (0.5%) bunches, across a 1.6us spill
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Physics Goals of ANNIE <

X

A Conduct a broad physics program using n,,
Interactions in water

A Demonstrate new technology for -
a future hybrid optical neutrino , forvey B
detector (e.g. THEIA) |

"-1‘*:-—'

A Water-based Liquid Scintillator
(e.g. SANDI)

A Fast timing (e.g. Large
Area Picosecond Photo
Detectors - LAPPDSs)

R. Svoboda, IPMU, April 2025
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Averaged number of
produced neutrons

ANNIE Physics Program

o 1,CC interactions with oxygen, final state neutrons

annie o Differential cross sections, high-statistics n multiplicity vs. Q?

o Improved modeling of FS neutral production, input to generators

SNO, PRD 99 (2019) 11, 112007
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ANNIE Physics Program

Measurements relevant to the neutrino oscillation program:

e Proximity to BNB target — high flux, overlap with T2K/LBNF
o Spans the neutrino energy range where DUNE & HK overlap

o Currently taking data, analyzing existing ~2 year dataset
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ANNIE Physics Program

e UNC interactions (y cascade and neutrons)

o Constrain backgrounds for LBL & p decay, DSNB searches

o |~10k fiducial NC events/beam year, ~50% of which are NCQE]|
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ANNIE Physics Program

FlUX Flux correlations

£
e Same neutrino beam as SBN LArTPCs " o

o Precision 4Ar/H>O ¢ comparisons

o Probe A scaling, simultaneous tuning

o Correlations in hadron production (n/p) R
uB ANNIE

Magnetic focusing horn Thecay pipe

BNB
_—
8 GeV p

eI

& 7 ~100 m ~500 m ~600 m

(not to scale)
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Neutrino
Beam

ANNIE Detector

FMV
Muon Veto

First Water-Based
Liquid Scintillator in a
v beam

Deployed Targets

MRD

Muon Range
Detector

| /
V1111111

132 PMTs
Water Tank 8" - 11" LAPPDs
26 t Gd-H>0 ~100 ps timing
Highest Gd

concentration (0.1%)

First v in LAPPDs

ANNIE Phase Il
Date: 01/29/2020
ANNIE Run: 1415
ANNIE Event: 4893
PMTs: 124 hits / 5.906500 nC
LAPPDs: 0 module(s) / 0 hits
Trigger: Beam

Example Prompt Event

o

charoe [PMTs]
0 308400 nC

I 0050000 nC

MRD Top view

time [MRO]

Prompt u Cherenkov + MRD track
Delayed Gd neutron capture y
Front veto rejects upstream u
Deployable target volumes
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ANNIE R&D Technologies

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

Adding LAPPDs to PMTs

prompt signal

oo Gd-water
Deployable volume of water-based liquid & ray

scintillator (WbLS)

R. Svoboda, IPMU, April 2025 delayed signal
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ANNIE in the broader R&D ecosystem

6‘
annie

Ton-scale demonstrator projects to show the feasibility and versatility of a future large-scale neutrino detectors using hybrid
Cherenkov/scintillation detection.

Mayly Sanchez (FSU)

ANNIE: 26 ton Gd-H20
(365kg WDBLS) Optimized
for reconstruction on a
neutrino beam, Cher/Scint
separation with LAPPDs

BNL: 1 ton and 30 ton

WbLS deployment,

purification, recirculation,

transparency

AN

detectors for non-

Large-scale

proliferation &

physics

i

EOS: 20 ton WbLS
Low-energy
reconstruction,
model validation,
chromatic sorting

N

NUDOT: Isotope
; loading NLBDB
g  topology

BUTTON:

30 ton, WbLS
underground
deployment,

low bkgd
verification

ANNIE is complementary arid syrergistic with these projects
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The ANNIE Gd
Water System

In order to load ANNIE wittWbLS
it will be necessary to have a system
than can continuously clean the water

B Ha q LW f EWGE ¢t W2 131 |

What to do?

R. Svoboda, IPMU, April 2025 13
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d t b I d 7 5 Transparency of 0.2% GdCl; doped water in a stainless steel test environment
need 1o pe Ccleaneda:

W. Coleman **, A. Bernstein ", S. Dazeley ®, R. Svoboda ¢

Quantitative tests using a 19 meter 074 ]m

attenuation arm at LLNL showed that §
ultrapure water will leech impurities into § l}
the water that absorb UV light. o - } }

It was also shown that this could be due = _‘,]}_
to iron ions going into solutioneven

at ppb |eve|S 100 150 200 250 300

0 50
Hours since recirculation stopped
Table 3 Fig. 5. p of pure water measured over approximately 14 days at 337 nm.
The change in p resulting from the addition of FeCl; to pure water Recirculation of the water through the system was turned off at t = 0. From this
point, the water remained undisturbed in the LTA and p decreased at the rate of

Pure water value 14 ppb FeCl; in water 28 ppb FeCl; in water ~1% per day.

0.901 +£0.018 0.355+0.018 0.156 + 0.008
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Fig. 7. Decrease in transparency versus time resulting from addition of 0.2% GdCl;
in pure water for 337 nm (a), 400nm (b) and 420nm (c). The red line shows the

least squares best fit to the data after addition of the GdCls.

LLNL tests showed that the
loss of transparency

Is broad spectrum, not

just Gd absorption lines

ELSEVIER

Nuclear Instruments and Methods in
Physics Research A
mepage: www.elsevier.com/lo

Transparency of 0.2% GdCl; doped water in a stainless steel test environment
W. Coleman

a* A Bernstein®, S. Dazeley®, R. Svoboda ¢

These same tests showed that for Gd the ion itself
did not cause a loss of transparency it was just that
fact that the liguid can now conduct charge that
accelerated the leeching of steel contaminants

ANNIE needs a cheap
Gd water system!

Neutrino Day 2024




ANNIE Gd
Water System




