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The Short Baseline Neutrino Program

Main goal: address the anomalous results from past neutrino experiments
(LSND, MiniBooNE), which could be explained by the possible existence of
at least one sterile neutrino.

Phys. Rev. D 103, 052002 (2021)
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antineutrino mode data assuming 2-neutrino oscillations.
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The Short Baseline Neutrino Program

. Transitioning from Cing Rl
—— —— Operating since
LAt commissionin
5o e .g October 2015
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The Short Baseline Neutrino Program

SBN detectors share the same nuclear target and similar technologies: liquid argon time projection chambers (TPCs). The detectors are
strategically placed to look for neutrino oscillations at short baselines and low energy range along Fermilab’s Booster Neutrino Beam (BNB),
which provides a highly pure source of either Y1 or Y.

Being the closest to the neutrino production, SBND plays a special role on disentangling the sterile neutrino puzzle and discovery of new physics.
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SBND Physics

Sterile neutrino oscillations
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SBND will further constraint the intrinsic beam content by measuring

800

the unoscillated neutrino fluxes, essential for performing simultaneous
appearance and disappearance fits.

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 beamline.
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SBND PhYSiCS LLArTPC detectors are

designed for excellent
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* Inform MC generators and

. . , discriminate between
SBND will have the largest statistics of muon and electron neutrinos than any

previous LAr detector and will be capable of discerning a wide variety of final states.

models
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SBND Physics

Other analyses

Beyond the standard model

x .
New states: heavy neutrinos,
neutrino tridents, dark matter,
dark neutrinos

* Modifications to neutrino
oscillations: Lorentz and CPT
violation, decaying sterile
neutrinos, large extra dimensions.

Sampling multiple off-axis fluxes
with SBND-PRISM

Diana Mendez

energy deposition < 500 MeV

Target opening angle < 10 degrees
two electrons readily identified
Machado et al,, Dark neutrino implemented and available in GENIE v3.2
Phys. Rev. Lett. 121, 241801 (2018) NuSTEC 2021, de Icaza
. Area Normalized vy CC Events
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Internal Document SBN-22130
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Detector design

Time Projection Chamber

* Single phase LArTPC W

.....
......
......

* 112 tOns active mass

* §mM X 4m X 4m active volume

* One central cathode plane assembly (CPA) High voltage o

feedthrough
* Divides detector in two drift windows

!
|'l.

* Two anode plane assemblies (APAS)

ot
! ‘e
i

* 3 wire planes (vertical, +- 60 to the " i
vertical) &

Anode

* Wire pitch and plane spacing = 3mm

athode
* Field cage to maintain 500 V/cm drift field o
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Detector design N

Photon Detection System

* Modular detection system behind APAs

* 24 photon detection system (PDS) modules

* 5 PMTs, 80% total with wavelength
shifter (WLS)

* 8 X-ARAPUCA photon traps
instrumented with silicon photo-
multipliers (SiPMs) , 50% with WLS

* Reflective foils behind CPA mesh.

Cosmic Ray Tagger

* Every side of the detector will be covered
by planes of extruded scintillator strips

* Marginal background removal with
overburden compared to beam
background. No overburden planned.
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* Assembly transport frame (ATF) build by the end of 2019. It
will support and transport the detector assembly from DAB
to it’s final location, the SBN-ND building

Detector assembly

Status

Detector assembly ongoing at the
Do assembly building (DAB)

* Clean tent build to protect components sensitive to UV
and blue light and to keep assembly clean (2020/2021)

Assembly transport frame
Clean tent
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Detector assembly

Status

Assembly slowed down due to COVID CPA frame attached to
restrictions but is ramping up.

support beam and installed

B e &,

CPA frame installed 2 weeks ago

CPA mesh panels currently being
installed

APA planes are already on-site,
mechanically and electrically coupled
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PMTs passed reception test at Fermilab
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X-ARAPUCA production ongoing
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Detector assembly

Status

Assembly slowed down due to COVID
restrictions but is ramping up.

3npow ydy duQ

* CPA frame installed 2 weeks ago

* CPA mesh panels currently being
installed

* APA planes are already on-site,
mechanically and electrically coupled

* Cold electronics (CE) on-site and
tested ready for installation

* Field cage tests ongoing

yuofl ydvy

* PMTs passed reception test at Fermilab

* X-ARAPUCA production ongoing

CE front end motherboard
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PMT physical inspection \ PMT electronics test

Detector assembly

Status

Assembly slowed down due to COVID
restrictions but is ramping up.

* CPA frame installed 2 weeks ago

* CPA mesh panels currently being
installed

* APA planes are already on-site,
mechanically and electrically coupled

* Cold electronics (CE) on-site and tested
ready for installation

* Field cage tests ongoing

* PMTs passed reception test at
Fermilab

* X-ARAPUCA production ongoing
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Detector installation
Status

 Warm outer vessel

already installed in the
SBN-ND building.

* Cryogenics installation \
ongoing ( \

* Installation of cryostat i
membrane starting this

August, all the materials
on-site
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* Fabrication of cryostat
top at CERN completed.
It’ll be shipped to Fermilab
by the end of summer.
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Summary

The Short Baseline Neutrino program at Fermilab has
sterile neutrino oscillations, new physics searches and
technology development as main goals

* The Short Baseline Near Detector, SBND, will constrain
the unoscillated flux for sterile neutrino searches

* The detector will record the largest sample of neutrino-
Argon interactions than any past or present
experiment.

* It will provide precise cross-section measurements and
inform MC generators.

* SBND will be ready for cold commissioning by the end
of 2022
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Backup



Short-Baseline Neutrino Program at Fermilab

Target SBND MicroBooNE ICARUS

MiniBooNE [ §

Horn + decay pipe /760 tons of argon

Transitioning from commissioning

D r mbly ongoin Operating since October 2015
etector assembly ongoing P 5 to stable operation
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TPC assembly

1) Install APAs and CPA

4) Install photon 5) Move to SBN-ND
detection system detector hall!

6'9"; Lifting Block

> ?

2' Spreader Bar

26'6"| Slings

20 ATF + Roof

A 4

o T Hilmans + Plate

Nicola McConkey



Assembly timeline

CY 2021 CY 2022

i\? 1*t APA plane ready for installation

‘ CPA hanger system

\:"3 CPA plane installed

‘ ‘ CPA reflective foil & bottom FC installation

I /PA hanger system

Y.r 1 APA plane installed

- 2™ APA plane QC & alignment

2"d APA plane installed W
‘ Field Cage Installation

Detector move to SBND building iﬁ(



Installation timeline

CY 2021 CY 2022

External LN2 and LAr dewar installation

‘ - ‘ ‘ ‘ Membrane Cryostat Installation

‘ Internal cryogenics installation

‘ Detector top cap Assembly
Detector move to SBND building w

Post-move QC ‘

Top cap attachment, cable routing, install. instrumentation -

Detector inserted into cryostat % 7

Detector QC -

Cryostat welded ‘T,:('
Install HV, Purity Monitors, Lasers, retractable cameras; cabling ‘

External cryo installation —

S2: Ready for cold commissioning '}i?




Entries / 6.6e20 POT

Event Selection

Lepton Energy v, CC
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Pandora reconstruction

Example low energy shower Example high energy shower

Internal Document SBN-19124



TOOIS * Simulation: GENIE and

Reconstruction, selection and analysis tools CORSIKA.
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Sophisticated techniques and reliable tools are econstruction: Pandora multi

algorithm pattern recognition

implemented in SBND to achieve our physics goals. (other machine learning

o 10°F T T T . .
I | algorithms in development).
All Slices 5 i i//‘ A ¢
of A Event selection: Uses Common
TPC Pre-Selection . .
Analysis Files (CAFs), and
Flash Matching 1. N
- CAFAna or other open source
Muon Track Identification -~ CAFAna 5 o CL stat
- Z“ - " -~~~ SBNFit5 o CL stat software.
CRT Matching o tosmickH 10" .- VALOR 5 o CL stat
BN Otherv a ]
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o and DUNE), VALOR(T2K) and
sin226w
Bar-chart showing the sclection flow for muon neutrino CC SBN 5 sigma exclusion sensitivities with 3 different fitters. SBNﬁt (MlcrOBOONE) .

interactions. This specific analysis uses CAFs and upROOT.

Internal Document SBN-20166
Internal Document SBN-22676
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Overburden
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