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The first periodic tables 
(1866, 1871)



ptable.com
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“Recent” Discoveries
Charm quark – 1974
Tau lepton – 1978
Bottom quark – 1977
W,Z bosons - 1983
Top quark – 1995
Tau neutrino  – 2000
Higgs boson – 2012



• Tiny cross section – interact only through the weak force

• Mass so tiny that it has not yet been measured 

• Oscillate from one flavor to another

Intriguing properties of neutrinos
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Studying oscillations with experiments

CONCEPT: Find or make a neutrino source.  Get two detectors.  Just count leptons in each! 

However . . . 

• Oscillation probability depends on neutrino flavor and energy

• Nuclear target complicates extracting the neutrino energy from the observed final state particles

• Preferred final states  . . . a hadron leaving the interaction improves vertex resolution and 

background rejection.

REALITY: precision oscillation measurements require exquisite understanding of BOTH the 

neutrino source and the neutrino-nucleus interactions



The Short Baseline Neutrino Program at Fermilab
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Strategy to reduce uncertainties:

• Three detectors sampling the same neutrino beam at different distances  (BNB)

• Same nuclear target (Ar) and detector technology (LArTPC: liquid argon time projection chambers)

SBN will 
perform a robust 
measurement in 
the search of 
sterile neutrinos, 
while also 
investigating a 
broad spectrum 
of other new 
physics beyond 
the standard 
model.
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Unique opportunities:

• Up to 7000 neutrino interactions per 

day – unprecedented statistics

• Cross sections, cross sections, cross 

sections

• rare process/BSM searches

• Prism effect – sample off axis fluxes

Unique challenges:

• Neutrino pile-up

• Backgrounds from the beam

• Sheer data volume ~100 MB/event

Near Detector – only 110 m from the target!
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SBND Simulation
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SBND TPC
2 drift volumes 

[total 4 X 4 X 5 m]



Anode Plane 

on either side. Each consists 

of 3 planes of wires with 3 

mm spacing and different 

angle per plane.  Total of 

11,260 wires
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Cold (89K) 

Electronics to 

pre-amplify and 

digitize signals 

SBND TPC
2 drift volumes 

[total 4 X 4 X 5 m]



Cathode Plane 

in the middle; divides the detector 

into 2 TPCs. Will be supplied with 

-100 kV.

Anode Plane 

on either side. Each consists 

of 3 planes of wires with 3 

mm spacing and different 

angle per plane.  Total of 

11,260 wires
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Cathode Plane 

in the middle; divides the detector 

into 2 TPCs. Will be supplied with 

-100 kV.

Anode Plane 

on either side. Each consists 

of 3 planes of wires with 3 

mm spacing and different 

angle per plane.  Total of 

11,260 wires

Field Cage 

that wraps around the 2 

LArTPCs to step down the 

voltage & ensure uniform 

electric field of 500 V/cm.
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Cold (89K) 

Electronics to 

pre-amplify and 

digitize signals 

SBND TPC
2 drift volumes 

[total 4 X 4 X 5 m]



SBND Photon Detection System
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24 Anode Plane boxes

4x24 = 96 PMTs (TPB coated) 

1X24 = 24 PMTs (uncoated) 

8x24 = 192 X-ARAPUCAs*

*sensitive to UV 
+ visible light

Cathode Plane 

with TPB coated 
reflective foils 

mounted between 

mesh panels.
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24 Anode Plane boxes

4x24 = 96 PMTs (TPB coated) 

1X24 = 24 PMTs (uncoated) 

8x24 = 192 X-ARAPUCAs*

*sensitive to UV 
+ visible light

Cathode Plane 

with TPB coated 
reflective foils 

mounted between 

mesh panels.

While ionization electrons drift slowly at 

~1.6 mm/us, scintillation light is fast.

• triggering 

• cosmic background rejection

Unprecedented coverage enables SBND 

to explore using light for calorimetry

Simulated (top) and reconstructed (bottom) light flashes 
showing the neutrino beam structure.



SBND Cosmic Ray Tagger
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Designed to tag muons . . . . 

• Each plane has two layers: one “x” strips and one “y” strips

• Each strip has 2 SiPMs, one per fiber

• Single strip (1 cm thick) absorbs radiological decays

• Readout triggered by 4-fold time coincidence of one “x” strip and 

one “y” strip 

• Strips are 1 cm x 11 cm x 2.5-4.5 m 

• position resolution: <3 cm

• time resolution: < 2 ns

(160 m2)

(225 m2 active area)



18

Why do we need a trigger?

• Beam spill rate is 5 Hz

• There is 1 neutrino interaction 

every ~20 beam spills at SBND

• Events are large (~100 MB).  

Data management and 

processing isn’t trivial.

Only save events when 

scintillation light is detected 

during the beam spill*

*plus other trigger streams for calibration, monitoring, 

background evaluation and modeling

• “Flash” triggered PDS waveform 

acquisition, roughly 14 flashes in 

3 ms window per event

SBND Trigger System

Two custom electronics boards.  

• “MTC-A” - Analog summer

• “PTB” - FPGA-based Gating and Logic

Trigger inputs

• PMT multiplicity 

• Beam “early warning” signals

• CRT activity per wall/plane



SBND Installation Photos 
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January 2022

March 2019
Summer 2022

October 2019



SBND Installation Photos 
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February 2024April 2023December 2022



SBND Installation Photos 
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~May 2024 August 2024



TPC performance - noise 

22

• Raw waveform RMS from 

4 m long collection plane 

wires

• From bench testing: 

lowest achievable is 380 

ENC / 1.96 ADC with no 

external or coherent 

noise

LArTPCs have no electron multiplication for ionization electrons, thus low noise is essential. For 3 mm 

path length, MIP muon signal is ~15,000 collectable electrons per wire, 2-4 nA current pulse

• Low noise grounding strategy started with the SBND building design

• Grounding monitored throughout installation and cryo commissioning with active mitigation 

• Additional filters added to wire bias voltage connections after protoDUNE-VD lesson learned



Beam substructure measured by the CRT
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CRT detects muons from neutrino interactions in the dirt 
upstream of the detector 
The beam spill substructure can be seen 
• 81 bunches with 19 ns spacing 
• spill duration of 1.6 s 

2018: CRT-only run



Beam substructure measured by the CRT
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2025: Physics Run 1

2018: CRT-only run



Data synchronization and timing validation
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Remember . . . light is 

fast, charge is slow

• Independent TPC 

reconstruction of 

beam spill timing is 

in progress. 

• 1 TPC clock tick = 

0.5 s
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Trigger on opposite side CRT walls enables 

• rapid confirmation of timing during commissioning 

TPC, CRT and PDS synchronization verified 

visually with event display

• efficient acquisition of calibration data samples 

during physics running

Data synchronization and timing validation
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Trigger on opposite side CRT walls enables 

• rapid confirmation of timing during commissioning 

TPC, CRT and PDS synchronization verified 

visually with event display

• efficient acquisition of calibration data samples 

during physics running

Data synchronization and timing validation



July 4-11 
Initial physics run
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Argon Purity and TPC calorimetry
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Electron lifetime (ms) 3 10 25 125

Surviving fraction after 
1.25 ms drift 66% 88% 95% 99%

DESIGN REQUIREMENT 



TPC performance 

31

Current uniformity of detector response to 

MIP muons across both wire planes



PMT performance
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XArapuca readout installation 
ongoing this summer shutdown



. . . two more years of running ahead!

6+ months of BNB data so far  . . . 
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On the road to DUNE

• 3rd iteration of DUNE cryostat design – instrumented with 

strain gauges and temperature sensors to evaluate 

performance

• 5th generation of TPC cold electronics 

• Low noise without software mitigations/removal 

• Important for DUNE far detector “triggering”

• Side by side PMTs and XArapucs for detailed studies of 

performance

• Neutrino-Ar cross section measurements 

• PRISM 

Near detector challenges

• Tools for addressing modest neutrino pileup in light system 

and exposure accounting

• Tools to understand beam-related backgrounds

Where is SBND pushing the envelope?
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• The high statistics and exceptional performance of the SBND detector will deepen our 

understanding of neutrino-argon interactions 

• A robust search for sterile neutrinos is on the horizon, combining data from all three detectors in 

the SBN program

Watch the fall conferences for exciting new results from SBND!

Conclusions
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Backup Slides
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SBN Oscillation Program
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The SBN program tests the sterile neutrino hypothesis by 

covering the parameter regions allowed by past anomalies 

at 5 significance.

Complementary measurements in different modes are 

important for interpretation in terms of sterile neutrino 

oscillation



• There are many alternative models to 
explain the MiniBooNE excess that are 
not in tension with experimental results 
(including MicroBooNE)

• SBN can exploit these and other BSM 
scenarios using the strengths of each 
detector
SBND: proximity to beam target
ICARUS: observing the off-axis NuMI beam in 
addition to the BNB

Alternative Explanations

not an exhaustive list

Investigating such models uses 
the unique capabilities of the 
LArTPC technology, with high 
track and shower kinematic 
resolution, very good particle 
ID, calorimetric information on 
electro- magnetic & hadronic 
activity

BNB CC νe simulation

Slide Credit: Anne Schukraft



• There is 1 neutrino interaction every ~20 beam spills at SBND

• Events are large, processing the data offline isn’t trivial.

Only save events when scintillation light is detected during the beam spill

Why do we need a trigger? (the beam rate is only 5 Hz after all)

39

• LArTPCs are slow, the detailed 3D image is a lot of numbers.  SBND drift time is 

1.25 ms and the TPC waveforms are sampled at 2 MHz

• Precision calorimetry without electron multiplication requires signal processing on 

raw waveforms.  

– with 3mm wire spacing, MIP muons deposit only 25,000 collectable electrons per wire in  

1-2 us -> O(1) nA signals 

• New tools such as real time signal processing/ROI finding are in development 

across the community . . . exciting!  

• Today’s pixel (instead of wires) anode planes integrate hit charge on the chip . . . 

game changing! 

Aside on why events are so large and what we can do about it
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8 GeV

Image credit: Zarko Pavlovic

Beam 
Composition

:

𝝼𝝻 = 93.6%

𝝼𝝻 = 5.9%

𝝼e + 𝝼e = 

0.5%

The Booster Neutrino Beam @ SBND

● <E𝝼> ~ 800 MeV.

● Projected to take 10-18 X 1020 POT of data 

in total => large statistics on Argon.

● Close to the target + slightly off-axis => 
SBND can sample off-axis fluxes (hear more 

about this in the next talk by Lauren Yates). 

Slide Credit: Supraja B
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CRT based triggers
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Long muon tracks are a critical commissioning tool 
and the basis of many calibration measurements.

The ability to trigger on the presence of muon tracks 
means that pure calibration samples can be acquired 
quickly and/or written to separate data streams.  The 
calibration process is considerably faster when 
processing calibration data is decoupled from 
processing physics data

All triggers shown here also require high PMT multiplicity to ensure the 
muon track enters the active TPC volume

For dedicated runs, a subset of the CRT strips can be activated, 
restricting the trigger to certain track angles/topologies



Evolution of LArTPC cold electronics
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CRT Only Run in 2018 
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Plot credit: Marco Del Tutto

Will we be able to see the beam 
spot in the upstream CRT wall? 

 YES!
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