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SBND and the SBN program

• Evidence for an electron-like Low 
Energy Excess (LEE) from neutrinos 
from particle accelerators 
(the “LSND and MiniBooNE 
anomalies”)


• Could be explained by the possible 
existence of at least one sterile 
neutrino. 


• Caveat: 	  
No e- vs γ discrimination (Cherenkov 
detector)


• Challenge:  
Resolve the nature of the MiniBooNE 
like signal.
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Low Energy Excess 
MiniBooNE νe

The MiniBooNE neutrino mode visible energy distributions, corresponding to the total 18.75 × 1020 POT 
data in the 200 < EνQE < 1250 MeV energy range, for νe CCQE data and background.  
10.1103/PhysRevD.103.052002

http://10.1103/PhysRevD.103.052002
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SBND and the SBN program
The Short Baseline Neutrino (SBN) program at Fermilab 

• Resolve the question of the existence of sterile neutrinos.


• Perform World-leading cross-section measurements and BSM searches.


• Develop the liquid argon neutrino technology.
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SBND and the SBN program
The Short Baseline Neutrino (SBN) program at Fermilab 

A multi‐detector facility on the Booster Neutrino Beam at Fermilab  using the same neutrino 
beam, nuclear target, detector technology to reduce systematic uncertainties to the % level.

Marco Del Tutto 
Fermilab Users Meeting 20224

BNB Flux

Target

BNB 
Beamline

 (93.6%) 

 (5.9%) 

+  (0.5%)

νμ

ν̄μ

νe ν̄e

Neutrino flux at the 

SBND front face. 

Mean muon-neutrino 

energy: ~0.8 GeV 

Beam composition:

• Neutrino beam from pion decay-in-flight mostly. Well-known beam, same as MiniBooNE (PRD 79, 072002). 
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SBND and the SBN program

For more details see 
Biswaranjan Behera’s talk

SBND (110m)  
under constructionMicroBooNE (470m)  

finished taking data 2021
ICARUS (600m) 

taking data

The Short Baseline Neutrino (SBN) program at Fermilab 

A multi‐detector facility on the Booster Neutrino Beam at Fermilab  using the same neutrino 
beam, nuclear target, detector technology to reduce systematic uncertainties to the % level.

• Neutrino beam from pion decay-in-flight mostly. Well-known beam, same as MiniBooNE (PRD 79, 072002). 


• 3 Liquid Argon Time Projection Chamber (LArTPC) detectors.
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SBND and the SBN program

For more details see 
Alessandro Menegolli talk

SBND (110m)  
under constructionMicroBooNE (470m)  

finished taking data 2021
ICARUS (600m) 

taking data

The Short Baseline Neutrino (SBN) program at Fermilab 

A multi‐detector facility on the Booster Neutrino Beam at Fermilab  using the same neutrino 
beam, nuclear target, detector technology to reduce systematic uncertainties to the % level.

• Neutrino beam from pion decay-in-flight mostly. Well-known beam, same as MiniBooNE (PRD 79, 072002). 


• 3 Liquid Argon Time Projection Chamber (LArTPC) detectors.

Marco Del Tutto 
Fermilab Users Meeting 202215

SBN Oscillation Sensitivity

110 m 470 m 600 m

SBND MicroBooNE ICARUSTarget

BNB 
Beamline

0

Argon mass: 112 ton Argon mass: 86.6 ton Argon mass: 476 ton

(Not to scale)
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Figure 6

Upper panels: ⌫µ ! ⌫e oscillation probability for a 700MeV neutrino as a function of the baseline
for two di↵erent benchmark points in a 3+1 sterile neutrino scenario. Lower panels: ⌫µ ! ⌫e
oscillation probabilities, at 110m and 600m, as a function of the neutrino energy for the same
benchmark points. The far-over-near ratio of appearance probabilities is also shown.

4.1. Oscillation Searches and Sterile Neutrino Sensitivity

SBN has several advantages over previous experiments in the search for ⇠1 eV sterile neu-

trinos. In particular, the multi-detector design is essential to achieving SBN’s world-leading

sensitivity to short-baseline neutrino oscillations. The locations of the near and far detectors

are optimized for maximal sensitivity in the most relevant ranges of oscillation parameters.

As summarized in Section 2.3 and seen in Fig. 2, the global ⌫e appearance data point to

a mass splitting, �m
2
41, between 0.3 eV2 and 1.5 eV2 with a mixing strength in the range

0.002 . sin2 2✓µe . 0.015. Figure 6 depicts the shape of the oscillation probability within

SBN for sets of parameters spanning this range. In the top figures, the evolution of the

electron neutrino appearance probability near the peak neutrino beam energy (700MeV)

is shown as a function of the travel distance of the neutrino. Below this are the oscillation

probabilities versus neutrino energy at both the near (L = 110m) and far (L = 600m)

detector locations. Oscillations are visible in the far detectors for all oscillation parameters

in the range indicated by global analyses. For larger �m
2, a small oscillation signal does

begin to appear at the lowest neutrino energies in the near detector, but the very di↵erent

shape and higher level of oscillation at most energies at the far detector preserves the strong

sensitivity of the experiment up to several eV2.

The near-far detector combination is crucial because, as in most modern oscillation

experiments, it allows for optimal control of systematic uncertainties in the search for os-

cillation signals. Precision oscillation studies in a single detector experiment (6) or even

14 Machado • Palamara • Schmitz

• SBND + ICARUS will test the sterile neutrino hypothesis 

• Three detectors sampling the same neutrino beam at 

different distances. 

• Effective systematics constraint through the near detector 

(SBND) and same detector technology in the near and far 

detector.

P. Machado et al, arXiv:1903.04608V11 
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LArTPC: an enabling detector

Protons

Pion?
Delta-ray

Two EM showers
"! → $$

Vertex of
neutrino
interaction

Drift

Beam

Most likely a neutral current interaction

Capable of identifying different species of 
particles and reconstructing 3D images with 
fine-grained information

o Neutrino vertex 
o Particle flow (mother-daughter relationship)
o Track (-, /, 0 etc.) vs shower (e, γ EM cascade)

o 3 vs 4 (3'3( pair production) separation
o Gap between shower start point and 

neutrino vertex?
o dE/dx in shower stem (1 MIP vs 2 MIPs)
o Split of e'e( pair (large opening angle)

% $

e!e" production

LArTPC: fully active calorimeter + high-resolution tracking

5/31/22 8
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SBND and the SBN program
Why LArTPCs?
• Capable of identifying different species of particles and reconstructing 3D images with fine-grained information. 

Neutrino vertex, particle flow, track vs. shower… 


• Electron vs gamma discrimination to resolve MiniBooNE anomaly. 

LArTPC: an enabling detector
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o dE/dx in shower stem (1 MIP vs 2 MIPs)
o Split of e'e( pair (large opening angle)
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Steve Dennis
24

Electron-like Results

Observe electron neutrino 
candidates at or below 
predicted rates.

Reject the hypothesis that simple electron neutrino 
charged current explains fully the MiniBoonE results
at >97% CL in all analyses. 

1eX analysis rejected median MiniBooNE electron-like 
model at 3.75⇥

arXiv:2110.14054

9

SBND and the SBN program
MicroBooNE results
• MicroBooNE released results of their first LEE search.


• no low-energy excess detected 

• could not rule out sterile neutrino
10.1103/PhysRevLett.128.241801

For more details see Georgia Karagiorgi, 
Mark Ross-Lonergan and Xiangpan Ji  

talks

https://doi.org/10.1103/PhysRevLett.128.241801
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The SBN Near Detector

Short-Baseline Near Detector (SBND) is located just 
110 meters from the Booster Neutrino Beam target, 
and has 112 tons of liquid argon within the active 
volume of its detection systems. 

Marco Del Tutto 
Fermilab Users Meeting 202212

Cross-Section Measurements

Electron Neutrino 
CC, Multi-pion

Muon Neutrino 
CC, 0π

Muon Neutrino 
NC, 1π+

p

π+
p

μ

ν

ν

ν

π+

π-

e-shower

• Understanding neutrino interactions with argon is crucial for the success of current and future neutrino 

experiments.  

• Argon has a complex and heavy nucleus and not much data exists to constrain current generators.  

• MicroBooNE measurements provide invaluable insights and SBND will be able to expand on those with 

an incredible large-statistic dataset allowing to make multi-dimensional analyses with high statistics. 

• SBND measurements will largely improve DUNE physics as SBND’s kinematics cover large parts of 

DUNE’s phase space.

• Fermi motion: In a nucleus, the target nucleon has a momentum.                
Modeled as Fermi gas that fills up all available state until some                         
Fermi momentum	

• Pauli blocking: Pauli exclusion principle ensures that states                            
cannot occupy states that are already filled 	

• Multi nucleon interactions	
• Final state interactions

Nuclear Effects

9

Final State Interaction Model (FSI)

• Final state interactions are very important; they model all the action happening just 
after the neutrino interaction	
!
!
!
!
!
!
!
!
!
!
!
!

• We are using the default GENIE with hA Intranuke model

26

Final state interactions [FSI]

Plan
MC in experiment

Neutrino interactions

Nuclear effects
Fermi gas
Spectral function
Final state interactions
Intranuclear cascade
FSI in GENIE

Generating splines

Generating events

Analyzing an output

Tomasz Golan MINERvA101 GENIE 14 / 45

Two models available: hA and hN

 Tomasz Golan,!
 MINERvA 101 workshop!

FSI in GENIE

Plan
MC in experiment

Neutrino interactions

Nuclear effects
Fermi gas
Spectral function
Final state interactions
Intranuclear cascade
FSI in GENIE

Generating splines

Generating events

Analyzing an output

Tomasz Golan MINERvA101 GENIE 16 / 45

FSI

Intranuke

hN Intranuke hA Intranuke

! intranuclear cascade

! data-driven cross sections

! Oset model for pions
(coming soon)

! INC-like with one
“effective” interaction

! tuned do hadron-nucleus
data

! easy to reweight

FSI in GENIE

Plan
MC in experiment

Neutrino interactions

Nuclear effects
Fermi gas
Spectral function
Final state interactions
Intranuclear cascade
FSI in GENIE

Generating splines

Generating events

Analyzing an output

Tomasz Golan MINERvA101 GENIE 16 / 45

FSI

Intranuke

hN Intranuke hA Intranuke

! intranuclear cascade

! data-driven cross sections

! Oset model for pions
(coming soon)

! INC-like with one
“effective” interaction

! tuned do hadron-nucleus
data

! easy to reweight

Final State Interactions (FSI)

Multi nucleon interactions

Fermi motion 

kF B 

Credit: T. GolanSBND Simulation SBND Simulation SBND Simulation
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Marco Del Tutto 
Fermilab Users Meeting 202214

Cross-Section Measurements with SBND-PRISM

• Going off-axis, the increase in  to  flux ratio 

combined with a choice of kinematics where  

to  differences are prominent should allow us 

to measure the /  cross section (can study 

lepton mass effects).

νe νμ

νe

νμ

νe νμ

• PRISM provides a natural way to reduce 

background by moving off-axis. 

• Note that we expect high event statistics in all 

off- axis regions.• Constrain the un-oscillated 
flux for sterile neutrino 
searches. 
The near detector plays a 
fundamental role on 
answering whether the 
MiniBooNE low energy 
excess is intrinsic to the BNB 
or if it appears along the 
beam-line.


• Search for new physics 
Beyond the Standard Model. 


• Cross-section measurements.

SBND physics goals

11

See Supraja 
Balasubramanian’s 
BSM in SBND talk

See  Marco Del Tutto’s 
SBND-PRISM talk 

SBN Physics Program I-22

FIG. 11: Beam-related electron neutrino charged-current candidate events in LAr1-ND (left),
MicroBooNE (center), and ICARUS-T600 (right). Statistical uncertainties only are shown. Data
exposures are indicated on the plots and assume inclusion of the full MicroBooNE data set.

Muon Neutrino Charged-Current Candidates

Muon neutrino charged-current events are selected assuming an 80% reconstruction and
identification e�ciency (after fiducial volume selection). The only background contribution
considered comes from neutral-current charged pion production, where the ⇡± can be mistaken
for a µ±. Simulations show pion tracks produced in the BNB are short with most charged pions
traveling less than half a meter in the liquid argon. We therefore apply a simple cut requiring
muon candidates that stop in the TPC active volume to be longer than 50 cm which minimizes
the NC contamination in the ⌫µ CC selection. The resulting contamination from NC events is
shown in Figure 12 and has a negligible impact on the oscillation sensitivity. More sophisticated
methods to separate pions and muons stopping in LAr are being explored, but this selection is
su�cient for the current analysis.

Measurement resolutions have been introduced for this analysis by smearing both the recon-
structed muon energy and hadron energy in the event and E⌫ = Eµ+Ehad-visible. The smearing
of the muon energy changes depending on if the muon is fully contained within the active vol-
ume or if it exits the active volume and the energy must be estimated via the multiple scattering
of the track. We require, therefore, all exiting tracks to have a minimum track length of 1 m
in the active volume to enable this multiple scattering measurement with su�cient resolution.
The distributions of selected muon neutrino charged-current events in each detector are shown
in Figure 12.

C. Neutrino Flux Uncertainties

BNB neutrino flux predictions and related systematic uncertainties are assessed using a
detailed Monte Carlo program developed by the MiniBooNE Collaboration [13]. In the simu-
lation, charged pion production is constrained using dedicated 8 GeV p+Be hadron production
data from the HARP experiment [14] at CERN. Neutral kaon production has been constrained
by BNL E910 data [70] and a measurement made at KEK by Abe et al. [71]. K+ production
uncertainties are set by measurements made with the SciBooNE [72] detector when it ran in the
BNB. In total, the BNB Monte Carlo treats systematic uncertainties related to the following
sources:

• Primary production of ⇡+, ⇡�, K+, K�, and K0

L in p+Be collisions at 8 GeV;
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• Collect the largest sample of neutrino-argon interactions to date. 


• Discriminate between nuclear models to inform MC generators.


• Reduce systematic uncertainties for oscillation analysis.

12

Cross-section measurements
SBND physics goals

SBND will observe 
5000 ν-events/day! 

Marco Del Tutto 
Fermilab Users Meeting 202213

Cross-Section Measurements
SBND data will enable a generational advance in the study of neutrino-argon interactions in the GeV energy range, 

with low thresholds for particle tracking and calorimetry and enormous statistics.  

SBND will have the largest dataset of ν-Ar interactions and will do high-statistics measurements of many signatures and 

can observe rare channels. 

SBND will record 20-30x more neutrino-argon interactions than is currently available.  

SBND will observe 5000 ν-events/day!

1.5M νμ CC events in 1 year 12k νe CC events in 1 year
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SBND neutrino interaction measurements

Detailed mapping of nuclear response to neutrino probes 
in the boundary between the non-perturbative and perturbative regime,


from the QE peak till the onset of “safe” DIS ( , Q2 > 1 GeV2 W > 2 GeV )

Improve neutrino-Argon interaction modelling and systematic constraints 

to enable the SBN sterile program and


benefit the early DUNE physics exploitation program

Lacking many of the desirable

features of a dedicated 

cross-section experiment:


• Charge ID

• Antineutrino running

• Various targets (A dependence)

• Adjustable beam


Opportunities: 

• Correlations between different 
final state topologies 

• PRISM 

Goals of 
SBND 

cross-section 
measurement 

program:

13

Cross section measurements
SBND physics goals

• SBND's vicinity to neutrino target it will allow measurements of many rare channels 
such as heavy baryons (∆0, ∑+), NC coherent single photon production, etc.


• SBND covers peaks of kinematic area relevant for DUNE.

Momentum transfer Q2 vs Bjorken x ‒ 𝜈𝜇 CC events

Lines of constant 
hadronic invariant mass 
W shown for reference

SBND statistical 
error < 5%

SBND statistical 
error < 2%

lighter area = larger statistics

Kinematical coverage of LBNF (DUNE) beam
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Reconstruction in LArTPC

• Ionisation electrons: 
42000 e-/MeV. 
Drifted (E) towards wires planes. 
Response time = drift time (∼ ms) 


• λ = 128 nm scintillation light: 
40000 γ/MeV 
Response time O(10ns), provides 
signals for timing/ triggering.


• 3D image reconstruction by 
combining coordinates on 
different wire planes at the same 
drift time.

14

Homogeneous target that combines large mass with accurate spatial and calorimetric reconstruction. 

Anode 
Plane
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SBND Time Projection Chamber 

• Cathode Plane Assembly in the middle of the TPC.


• On both sides, Anode Plane Assemblies.


• 2 drift volumes.  
Maximum drift length: 2 m.  
Maximum drift time: 1.28 ms. 

15

• One collection plane with vertical wires. 
Two induction planes with wires 
at ± 60o from vertical. 
3 mm wire pitch.  
11264 channels. 

-100 kV

500 V/cm
500 V/cm
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SBND TPC assembly

16

CPA assembly in place APA installation
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SBND TPC assembly

17

Cold electronics installationField cage assembly
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SBND TPC status 

APA CPA

Field Cage Co
ld

 el
ec

tro
ni

cs

APA

Field Cage

Cold electronics

Drift distance Drift distance

SBND TPC completed in June 2022



M.Nebot-Guinot

SBND PD System

2/24/22 Maria Cecilia Q. Bazetto | SBND Collaboration Call3

A. Machado, 2021 RENAFAE Workshop 
https://indico.ifsc.usp.br/event/6/contributions/866/

SBND Photon Detection System 

19

Modular system behind the APAs: 
"looking" inside the TPC with 24 
modules (12 per side) and TPB-
coated reflector foils on cathode.

Scintillation & reflected light => high and uniform

light yield and excellent timing resolution

SBND PD System

2/24/22 Maria Cecilia Q. Bazetto | SBND Collaboration Call3

A. Machado, 2021 RENAFAE Workshop 
https://indico.ifsc.usp.br/event/6/contributions/866/

SBN
Fermilab, September 27th 2019O. Palamara | SBND

100 photoelectrons per MeV 
when combining direct and 

reflect light!

Boosting light collection

 17

Mesh frames with foils assembled

x 4

Cathode Plane Assembly 

๏ Wavelength-shifting reflector foils (TPB coated) mounted at the cathode 

๏ 4 (50x60 cm) double-sided coated panels per cathode window (16) 

๏ Total surface area ~38 m2  

๏ Combination of direct and reflected light 

๏ Improved total light yield 

๏ Uniform light collection 

๏ Lower threshold 

๏ SBND LDS enables new application of light collection                            
in argon: timing, position reconstruction, calorimetry 

PMT only

X-ARAPUCA's
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SBND PDS assembly and status

20

• Each module has 5 8” PMTs (120 total) and 8 X-ARAPUCAS (192 total).


• Close to completing PDS installation.
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SBND Cosmic Ray Tagger

21

SBND Simulation and Calibration Meeting 
13th May 202230

CRT Overview

• SBND is on surface.  
In order to mitigate the cosmic ray background (identify out-of-time tracks: entering, 
exiting and crossing) it is equipped with a Cosmic Ray Tagger system (CRT).

• All sides of the 
cryostat are 
surrounded by 
planes of extruded 
scintillator strips 
read out by SiPMs. 


• 135 single 
modules (from 
1.80m x 1.80m 
to 4.5m x 1.8m)
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• The complete CRT will be installed and 
integrated last but parts can be already 
commissioned. 


•  A temporary beam muon telescope, pre-
instalation of CRT modules, installed on the 
upstream and downstream walls of the SBND 
cryostat.


• This CRT enabled pre-LAr commissioning of the 
DAQ, CRT, Beam, Trigger and PMT electronics.

22

We see Beam Muons in the CRT and even do physics

Bottom CRT installation

SBND CRT Assembly (head start on commissioning)

beam spill duration is 1.6 us 
CRT timing resolution is 1-2 ns
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SBND cryostat assembly and status

23

• The SBND cryostat is a membrane type, the same as planned for 
the future DUNE far detectors.


• 9.3m x 7.5m x 7.6m H SS outer cryostat.  
2 layers of 40 cm insulation blocks with a secondary membrane in 
between. A corrugated stainless steel innermost layer as primary 
membrane.


• On track to finish construction in September.



M.Nebot-Guinot

Next steps towards data

• Assembled Detector will move to the ND building around fall this year.


• Detector insertion inside the cryostat is expected to take place in spring. 


• Expected to be ready for cryogenic operations at the beginning of next 
summer.  

24

The move
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Summary

• SBND will constrain flux uncertainties, 
provide precise cross-section 
measurements and search for new 
physics.


• Great progress on SBND installation.


• This is the excellent work of many 
people.


• We are only a bit more than a year 
from taking data!

25

June 2022 SBND CM  (finally in person)

Don’t miss more details of SBND: 


• Gabriela Vitti Stenico:  SBND Trigger System


• Marco Del Tutto: SBND-PRISM


• Supraja Balasubramanian: BSM in SBND
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Backup
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• Antineutrinos from μ+ decay at rest source.  

• Liquid scintillator detector. Inverse β decay 
reaction.  

•  νe excess observed. 

27

LSND 
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Electrical Installation & DAQ

28

• Readout racks: 
 TPC racks fully installed & cabled


• Integration and commissioning have already begun for the DAQ and the 
trigger More details in Gabriela Vitti Stenico:  SBND Trigger System 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Cryogenics & Instrumentation 

• Purity Monitors  
SBND will have three purity monitors to check the 
electronegative contamination levels of the argon (especially 
molecules of oxygen and water). 


• The purity monitors are double-gridded ion chambers immersed 
in the liquid argon, placed outside of the TPC. 

29

Purity Monitor Testing

• LAr and LN2 dewar external piping 
installation completed


• RTDs, mounts and cables cold tested at PAB


