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Why GRAIN in SAND?
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• DUNE ND complex needs to constrain systematic 
uncertainties

• SAND is the unique detector permanently on axis

GOALS of SAND 
- monitor for beam parameter changes 

on a weekly basis

- perform cross-section studies on 
different nuclear  targets

- 𝜈!	, 𝜈"	, 𝜈̅!	, 𝜈̅"  on-axis sample

for a robust LBL analysis in combination with ND-LAr+TMS

Interactions on ECAL

Interactions on Tracker

Interactions on GRAIN
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What is GRAIN?
GRanular Argon for Interactions of Neutrinos

It is a passive target:
 - ~1 ton FV LAr  in a magnetized volume
 -  compromise between mass (event statistics and thickness) 
 -  to study of v-Ar interactions with downstream tracker/calorimeter

It is an active target:
 it is instrumented with sensors:
  for collecting UV scintillation light with arrays of SiPMs 
  for performing imaging of the event 
   for vertex location, event topology, time information
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Events in GRAIN

0.1 neutrino interactions per spill

A good sample for:
-  inclusive/exclusive CC sample with a magnetic spectrometer      ß ND-LAr+ TMS 

- cross-section constraints / tuning nuclear model 

- a comparison with hydrogen interactions

at NEAR 

SAND multi-target

SAND LAr interactions
~1
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GRAIN requirements
As a passive target:
 - thin volume (minimum number of 𝑋#	)
 - thin cryostat
  
As an active target:
 - contribute to the neutrino energy reconstruction, for recovering the energy 
  lost in LAr
 - identify the interaction vertex and tracks of contained particles (protons, pions) 
 - matching with back-propagated tracks from the tracker.
 - select interactions in terms of exclusive final state particles 
  widens phase space (large angles w.r.t. beam axis, lower momentum +  
 short particles not exiting).
- exploting the high resolution O(200 ps) timing information

• SAND is the unique fast detector in the ND complex
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Impose limits on cryostat 

size and material

There is the needs of 

R&D for imaging  
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R&D for VUV cameras
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• Two possibilities for the optical system:
       lenses              and/or  coded aperture masks
   

• Similar SiPM 32x32 matrixes: 
- 2 mm x 2 mm for lenses  or SiPM of 3 mm x 3 mm for masks

• A unique ASIC specifically designed for GRAIN

U

Lens-based optical detector Coded mask-based optical detector

5-6 cm
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Very different algorithm reconstruction
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Lens reconstruction chain

• Identifying tracks and vertex in 
each image

• Combining the different cameras 
• -  by volumes intersection

• Tested on a 100k interaction sample

- by geometric projective algorithm
• tested on single points and single 

tracks

Coded mask

• by an iterative algorithm that needs 
GPU

   -Tested on a first v-Ar interaction sample
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For each option the optimized layout in GRAIN is under study

 

U

Parallel studies
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60 cameras

Matrices: 32x32 
SiPM dimension: 3 mm x 3 mm

58 cameras

Matrices: 32x32 
SiPM dimension: 2 mm x 2 mm

Lens-based optical detector Coded mask-based optical detector
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Expected performances
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• Goals:
- Calorimetrical reconstruction

- Event identification within a spill
- Track reconstruction
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V.Pia PhD thesis

M.Vicenzi PhD thesis 



Roadmap and milestones 
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Validate and optimize 
the optical design 

with tests on 
prototypes 

Design the 
final detector 

layout in 
GRAIN

Detector 
procurement

Detector 
assembly and 

test in the 
inner vessel at 

LNL

ASIC design 
and 

production 1

First tests 
and ASIC 
validation

Final design 
and 

production 2

begin 2028

mid 2026

begin 2027

end 2027
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Conclusions
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• GRAIN is an important detector for enhancing SAND 
capabilities

• The R&D on the optical detectors has just started the testing 
phase

• The path toward GRAIN assembly and construction is well-
defined
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