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17 Institutions from 6 Countries, ~40 collaborators
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ANNIE is located on the
Fermilab Booster
Neutrino Beam (BNB)
in the same hall formerly
occupied by SciBooNE
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Note: The BNB has a bunch structure that 
ANNIE will seek to exploit - more on this later
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Physics Goals of ANNIE

• Conduct a broad physics program using  
interactions in water

•  Demonstrate new technology for 
       a future hybrid optical neutrino
       detector (e.g. THEIA)

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

•  Fast timing (e.g. Large
      Area Picosecond Photo
      Detectors - LAPPDs)
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Booster Neutrino Beam
energy spectrum
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Neutrino
Beam
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The ANNIE Gd 
Water System
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In order to load ANNIE with WbLS
it will be necessary to have a system
than can continuously clean the water

…but ANNIE has very little money!

What to do?



Quantitative tests using a 19 meter
attenuation arm at LLNL showed that 
even clean stainless steel exposed to 
ultrapure water will leech impurities into 
the water that absorb UV light. 

It was also shown that this could be due
to iron ions going into solution even
at ppb levels.
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Why does the water
need to be cleaned?



Neutrino Day 2024

337 nm

400 nm

420 nm

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

ANNIE needs a cheap
Gd water system!

LLNL tests showed that the
loss of transparency
is broad spectrum, not
just Gd absorption lines



ANNIE Gd 
Water System
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ANNIE Gd 
Water System
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Gada-
Claus
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Good agreement
between MC
and data in muon
energy and
angles
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need to
wait 10 s
due to
afterpulsing
of PMTs

triggered
AmBe
souce

port versus
depth map
of efficiency



ANNIE and Water-based 
Liquid Scintillator
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WbLS
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SNO+ JUNO

Cherenov +
scintillator

scintillator



Practical Cherenkov/Scintillation Light Separation
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Could we make a hybrid detector?
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ANNIE and Water-based
 Liquid Scintillator (WbLS)
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nm LS

surfactant
molecules

Liquid scintillator forms small (~10 nm scale) droplets 
called micelles in water that are stabilized by surfactant 
molecules with a hydrophilic head and hydrophobic tail. 
Micelles form under controlled chemical conditions and 
are shown to be stable over year time scales.

Advantages:                               Disadvantages
   Cheaper than LS                          Radiological cleanliness? 
   Non-combustible                        Faster than LS?
   Ease of loading                             Lower light yield      
   Environmentally better
   Oxygen nuclei
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Theia-25 detector
at SURF as part
of DUNE 

THEIA-25 is proposed as the 4th DUNE 
module at the Sanford Underground 
Research Facility (SURF), sometimes 
referred to as the Module of Opportunity.

Activities in Germany, U.S., and U.K.
are now supporting R&D activities for Theia.

Askins, et al. EPJC 80 416 (2020)
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Theia-25* performance in the Long-Baseline
Neutrino Facility (LBNF) was studied for
sensitivity to CP violation detection.

Initial Result: Theia-25 similar performance to a
    DUNE liquid argon detector. Would have
    different systematics and broader program

* Theia-25 would have a 17 kton fiducial mass

Theia-25 very sensitive
to neutrino CP violation 
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Theia Physics Program
A 100 kton stand-alone detector and a 25 kton DUNE detector were 
both studied in the 2020 White Paper. Detailed studies of 
performance across a broad spectrum of science. 

THEIA100
Askins, et al. EPJC 80 416 (2020)
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SAND
I

Front Muon
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Muon Range
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neutrino
beam

SANDI

“dirt”
muon

ANNIE WbLS High Energy 
Reconstruction Test
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SANDI
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upstream
   PMTs
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   PMTs

When a muon misses SANDI the 
light from the Cherekov cone is 
partially absorbed by the WbLS 
downstream

neutrino
beam
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When a muon hits SANDI isotropic 
light is generated, which is 
especially apparent upstream

neutrino
beam
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ANNIE and Fast 
Timing with LAPPDs
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What’s Next?
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Thanks!
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