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SHORT-BASELINE NEUTRINO PROGRAM

Short-Baseline Neutrino Program at Fermilab
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The Short Baseline Neutrino (SBN) Program at Fermilab consists of three LArTPC detectors, all in Fermilab’s
Booster Neutrino Beam (BNB) but at different baselines

SBN Program aims to conclusively address the possibility of eV-scale sterile neutrino oscillations

SBND also has a rich single-detector physics program including neutrino—argon cross section measurements and
new and rare physics searches
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2% Fermilab
BOOSTER NEUTRINO BEAM

SBND Neutrino Flux at TPC Front Face
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MicroBooNE and ICARUS also took data from an off-axis NuMI| beam.
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WHAT MAKES THE SBN PROGRAM UNIQUE?

LAr Technology

Time Projection Chamber
Event imaging

High-resolution tracking
Fine granularity calorimetry and
particle identification
Electron-y separation
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Detecting Neutrino Interactions with a LArTPC

Sense Wires

U

Liquid Argon TPC

N

SIS
1
I T . B . L R L TN T T R R
T T, S

SIS
I N N N N N
g
]

Cathode
Plane

I~
I~

I~
=

\ N

INESINISNINNT V\E\E\Q\P\X\X\X\N

N
AN
AN 3

Y

V wire plane waveforms

Y wire plane waveforms

19/12/2023

J. Nowak | SBND and Short-Baseline Neutrino Program

Time

* LArTPCs are highly-capable,
fully-active tracking calorimeters

* Precise timing information also
available via scintillation light
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The ICARUS detector at FNAL

Combined 2 modules, 2 TPCs per module with
central cathode (1.5 m drift, Epb= 0.5 kV/cm);

3 readout wire planes per TPC at 0, + 609,
3 mm pitch; (2Inductions+1 Collection)

S/N > 10 for MIP tracks in Induction 2 and
Collection planes;

360 photomultipliers, TPB coated, to detect the
scintillation light produced in LAr;

® s el 1 iy,
DA TATRS

2018: transportation to FNAL and start of installation
2020: filling with LAr and start of commissioning
£ 2022: start of physics data taking
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Neutrino interactions at ICARUS

v, CC interaction from a BNB neutrino
ICARUS Preliminary
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The SBND Detector

Cathode Plane at —100 kV
divides the detector into two
drift volumes

Cold Electronics (in LAr)
g pre-amplify and digitize
~ TPC wire signals

LArTPC

Active mass is 112 t
Active volume is 4%x4x5 m3

Drift distance is 2 m,
max. drift time is ~1.28 ms

/N

LY

TPC East

TR

TN
TPC West

Anode Plane on either side,
each with three wire planes
i with 3 mm wire spacing and
| different orientation per plane

Total of 11,260 wires

Field Cage wraps around
the two TPCs to step down
the voltage and ensure a uniform
electric field of 500 V/cm
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The SBND Detector

Photon Detection System

Trigger System

Cosmic

Top (iBT planes (160 m2 active area)

24 PDS Boxes
behind the anode wire planes

5x%24 =120 8” PMTs
80% TPB-coated,
20% uncoated

8%24 =192 X-ARAPUCAs
half with wavelength-shifting

Cryostat

Scintillator strips
with SiPM readout

Two layers with
perpendicular strips
for accurate positions

142x%32 channels

Cathode Plane with
TPB-coated reflective foils
mounted behind mesh panels

’4 Side CRT planes (225 m? active area)
Cosmic Ray Tagger
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SBND Assembly & Installation

[APA Assembly, Dec. 2018} CE lnstallatlon vay 2022] WPDS Box

Installation,
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SBND Assembly & Installation

North CRT Wall
\ Installation, May 2023
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completed, Dec 2023
Detector assembly and installation for all components inside the cryostat is complete, and the
bottom and north CRT walls are installed.

The the cabling for all systems from cryostat flanges to readout electronics racks, and in parallel
with that on the final parts of cryogenics installation.

The official end of installation on the 15t of Dec 2023.

Start LAr fill in January 2024, power up the detector in February and beginning of
commissioning.

First SBND Physics Run from April-July 2024. Expected data will match the MicroBooNE entire
dataset.
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Detecting Neutrino Interactions with SBND

* LArTPC capabilities enable low reconstruction thresholds and excellent particle
identification for interactions in SBND

* Fine resolution also enables disentangling complex final states

* In comparable LArTPC detectors, isolated energy deposits can be identified down to O(100)
keV — expect better from SBND (due to cold electronics)

> Opportunity to study MeV-scale activity, e.g. from neutron scatters

Electron Neutrino

CC, Multi-pion SBND Simulation
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Final state: 14 1p 110 11r¢
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fete! SBND Simulation
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Neutrino Interaction Rates in SBND

2= Fermilab

* SBND expects approximately 2 million viu CC and 15,000 ve CC interactions per year, and will
collect beam neutrino data over the course of a ~3 year run

* Will record an order of magnitude more neutrino—argon interactions than currently available

* Enables a generational advance in the study of neutrino—argon interactions in the GeV energy range

13

- For more common channels, SBND can make multi-dimensional differential measurements

- For rare channels, SBND can make measurements that are limited in other existing experlm nts

(NC Np 1v, Neutrino-electron elastic scattering, v

Muon Neutrinos SBND Simulation
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CC Exclusive Channels
v, CC 0Om, 4.3M Events

v, CC 1n*, 0.9M Events
v, CC 11%, 0.5M Events
vy CC multi-pion, 0.4M Events

Event Rates for 10 x 102° POT
in Active Volume (80m?3)
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Electron Neutrinos

p-bar CCQE hyperon production, K* + A")

SBND Simulation
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CC Exclusive Channels

Ve CC Om, 27k Events

ve CC 1%, 8k Events

Ve CC 1110, 4k Events

Ve CC multi-pion, 6k Events

Event Rates for 10 x 102° POT
in Active Volume (80m?3)
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Sterile Neutrinos and Other BSM Physics in SBND

» SBND contributes to the SBN Program as the near detector, characterizing the beam before
eV-scale oscillations set in and thus addressing dominant systematic uncertainties

> SBN has a unique chance to jointly study ve appearance, vu disappearance, and ve disappearance

Ve Appearance vy Disappearance Ve Disappearance
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* In addition, SBND will pursue other possible explanations
for the MiniBooNE low-energy excess anomaly as well as
other beyond Standard Model physics scenarios
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View from the top 1e-7 Area Normalized
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A Closer Look at the Booster Neutrino Beam
SBND-PRISM

Neutrino Y [cm]
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« SBND is so close to BNB target that it sees neutrinos from a range of off-axis angles (OAAs)

> Off-axis angles are calculated with respect to the BNB target position
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Figure courtesy of M. Del Tutto eutrino Energy [GeV]

* Allows SBND to leverage PRISM concept

SBND Simulation
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Summary & Outlook

+ Short-baseline neutrino program at Fermilab aims to definitely resolve the question of existence of an
eV-scale sterile neutrinos using multiple detectors.

* SBND experiment finished the installation installation, and is ready for commissioning, and is on track to

start operations in 2024. ICARUS continues taking data.

* The highly-capable LArTPC detector technology combined with SBND’s close proximity to the BNB target
and resulting high statistics will enable a wide variety of measurements.

+ SBND-PRISM provides a unique opportunity to probe different neutrino fluxes within the same stationary
detector.

* SBN received strong support from the P5 for the continued operation and research

NEEF:::JI: - st“Ce Experiments e : j ’j‘ 7;\; 3 f‘ 7% ;
Recommendation 1 m R

LHC

LZ, XENONnT
NOVA/T2K
SBN

In addition, we recommend continued support for the following ongoing experiments at the
medium scale (project costs > $50M for DOE and > $4M for NSF), including completion
of construction, operations, and research:

d. NOvA, SBN, T2K, and IceCube (elucidate the mysteries of neutrinos, section 3.1).
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Thank you!

SBND Collaboration Meeting, Sao Paolo, Brazil, December 2023
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