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Introduction and Outline

 This talk focuses on the Science Goals and Plans of
SBND and SBN, i.e. : Why Operate?

« Will focus on tools and readiness for physics analyses,
doable after detector is commissioned (Lauren’s talk) and
calibrated (Mike’s talk)

* OQutline:

— SBN(D) main physics goals

— Who we are (Physics Org Chart)

— Timelines

— Status of tools/reconstruction for subsystems/Analyses
— Plans for near and further future

lll]

!III
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Science Goals of SBND and SBN

SBND'’s large detector mass, proximity to the source, and
high-performance detector design enables a broad,
exciting physics program: Target SBND MicroBooNE ICARUS

Precision neutrino-nucleus interaction measurements:

. Differential measurements of high-rate channels (inclusive,
single and multi-proton, charged/neutral mesons, etc.) with
more than an order of magnitude more v-Ar data than is

. Argon mass: 112t Argon mass: 89t
currently available. Distance: 110 m Distance: 470 m
. High rates of both muon AND electron neutrinos.
. . . . . Relative Neutrino Interaction Rates (BNB) 23 1 3.3 \
. Exploration of low-rate interaction channels not easily studied o CG inraciions par 1108 FOT (BNE) T o R ;
in smaller data sets (hyperon production, v-e scattering, etc.) -CC interactions per 1x10 POT (BNB) & 0.2 0.6k \

Rates shown for full active TPC masses and integrated over all energies.

Tests of Beyond Standard Model scenarios:

+  Tests of various models (heavy neutral leptons, Higgs portal
scalar models, etc.) in multiple final-states.

o
w

Neutrino Energy: 700 MeV
Ami =15 eV?

. . ; sin’26,,, = 0.002
. Strong collaboration with theory community and many

on-going sensitivity studies.

o
Y

Example sterile neutrino
oscillation probability evolution
over the SBN baseline

Oscillation Probability [%)]

L I B B BB B

Sensitive searches for sterile neutrino oscillations: o g 2 (probability shown near the
X : ’ » 5 peak neutrino energy)
*  As the Near Detector in the SBN Program, SBND is the key to i
mitigating large neutrino flux and cross-section uncertainties.
*  Multiple detectors also enables searches in BOTH o5 200 200 5o 800
appearance and disappearance. Length of Neutrino Flight [m]

JEt :
3¢ Fermilab
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Analysis Organization - SBND-physics

4

2/21/24

SBND Physics
Anne Schukraft
Andrzej Szelc

Calibrations Neutrino Interactions
Mike Mooney Andy Furmanski
Linyan Wan Vishvas Pandey
Reconstrt.lction Neutrino Oscillations
Dom Brailsford : -
Di Cor i G Georgia Karagiorgi
’eg‘? qrc:a AnCE Joseph Zennamo
Tingjun Yang
Simulations BSM Searches
Marco Del Tutto Jose Crespo Anadon
Marco Roda Xiao Luo

SBND Operations Readiness Review / SBND Run Plan and Analysis Outlook

2= Fermilab



,

Analysis Organization - SBND in SBN

SBN Analysis Infrastructure

Giuseppe Cerati
Steven Gardiner*

SBN Analysis Working Group
Daniele Gibin
Georgia Karagiorgi*

Analysis Framework
Josie Paton*
Gianluca Petrillo

Release Mgmt, Validation
Ibrahim Safa*
Sunny Seo

Flux + Event Gen
Marco Roda*

78D

TPC Sim, Reco, Calib
Mike Mooney*
Filippo Varanini

PDS Sim, Reco, Calib
Diego Garcia Gamez*
Allessandro Menegolli

SBND Physics
Anne Schukraft
Andrzej Szelc
I
Calibrations Neutrino Interactions
Mike Mooney Andy Furmanski
Linyan Wan Vishvas Pandey
Reoonstn'lctlon Neutrino Oscillations
Dom Brailsford 2 R
5 : Georgia Karagiorgi
Diego Garcia Gamez
2o Joseph Zennamo
Tingjun Yang
Simulations BSM Searches
Marco Del Tutto Jose Crespo Anadon
Marco Roda Xiao Luo
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|
Production, Data Mgmt,
Workflows
Mateus Carneiro*
Matteo Tenti

[

Simulation Infrastructure
Leo Aliaga*
Jacob Zettlemoyer

Event Reco, Cosmic Rej,
Particle/Event ID
Dom Brailsford*,
Christian Farnese, Tracy Usher

|

Event Selection, Systematics,
Oscillation Sensitivities
Elizabeth Worcester*
Joseph Zennamo*
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Lots of Activity!

* PhD students and Post-docs driving
development of analyses and tools.

» Active participation in the efforts.

* We have held a few dedicated
workshops to jump-start/concentrate
activity:

— SBN Analysis (FNAL, Jul 2023)

— SBND commissioning (FNAL, Aug 2023)

— SBND Remote Calibrations Workshop
(Sheffield, UK, Jan 2024)

* Next ones being planned.

JEt :
3¢ Fermilab
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Introduction of Timelines

7

Our planning for Physics Results is split into
three time periods:

— FY24 initial physics run: Once detector
achieves steady/reasonable conditions,
plan to take data for detector calibrations,
first PhD theses, early publications.

— FY25 first full-year Physics run: During
the summer shutdown, the detector will be
tuned to optimal conditions for FY25 data
taking. This data set will enable many first
high-precision measurements.

— Until FY27 long shutdown: The complete

data-set will enable full realization of the
SBN(D) science program.

2/21/24

Detector Commissioning Timeline

A_ We are here

| | Jan I Feb Mar ‘ Apr ‘ May I Jun | Jul I
_ Pre-LAr detector commissioning
_ Cryogenics ioning: GAr. purge, LA fill,

I Chilly detector checkout: last QA/QC before LA fill, led by detector commissioning team
[ rnitial H ramp-up of TPC and PMTs
- Critical sanity checks and tuning with data

* Physics-quality, analyzable neutrino interaction events recorded

Initial physics run
(BNB beam, cosmics)

Operating parameter improvements

Z& Fermilab

6 2/21/24 SBND Operations Readiness Review / Detector Commissioning

Our tools are already in good shape to
analyze the first events.

e ready to write calibration Ntuples and
Commissioning trees immediately

2= Fermilab
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Overview of software framework
 LArSoft used to simulate and reconstruct events.

- SBND-specific codes reside in github:sbndcode more details in
— Inherits from sbncode which is common with ICARUS. S. Gardiner’s talk.
« Simulation chain consists of: p——
— generator (e.g. GENIE) R
. . 4 sbndcode (o)
-> particle trallcklng.(Geant4) e ———
-> detector simulation T P
-> electronics signal convolution. =
* Reconstruction chain: S
— deconvolution — -
-> “hit” finding -
-> Clustering Adda README

-> 3d object reconstruction
-> Calorimetry and PID.

» Results stored in CAF (common analysis framework) files for analyzers to use
(developed by NOVA, DUNE, used by ICARUS).

JEt :
3¢ Fermilab
8 2/21/24 SBND Operations Readiness Review / SBND Run Plan and Analysis Outlook



Overview of simulation chain

9

Flux simulation: BNB simulation is using
standard BNB flux files. Common with
ICARUS.

Neutrino Interaction simulation: GENIE
tune/model in common with ICARUS.

Particle Propagation: One of first experiments
to switch to re-factored Geant4.

Detector Simulation:
— Infrastructure for 2D induction and
deconvolution is in place.
— Detailed detector geometry model exists.
— Pioneered use of semi-analytic fast-
simulation model for scintillation light.

Floor

Simulation models need data to to be tuned.
Hooks are in place to do this
(see M. Mooney’s talk).

2/21/24

True lonization Charge

induction view

Raw Waveforms

- J P

" ) > N /‘

( 2000
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TPC reconstruction

3
. Evnets Reconstruction Efficiency vs. True Neutrino's Energy (BNB muon-Nu Events) % 1 L
« Pandora is our defgult A e —— e
reconstruction chain. § ok || ¢ e T |1
1o ][’f " SBND Simulation ¢ £ [ | ¢ SBND Simulation
. . g osf- - {3000 2 =1 . .
e SBND s up—to—date with the “latest § ol ; Work in Progress o & EN Work in Progress
and greatest” developments. ] ’ E . o ypans
« Several developments driven by iy m ;I.‘? 3B Gt
SBND collaborators. L
. Energy deposited by electron [MeV]
— track-shower separation R
— shower reconstruction g e Sy by o Cenatenen > 12 G e Feara ]
|m pI’OVGmentS H ; = 2:‘,::0 q:, 1~_ —+ Unfixed . —+ Unfixed - HQ . ]
i e B :depatlr;g detecLor propTlrtles service |
. & . [ — I : for Pandora with wirece B
« “Blip” reco (ported from uB) down "t ND Simulation| & 08 , ]
n Progress; > *':‘:#: =t ]
to 200 keV. T2 Foef T f
% 0 —— ;
S 04f, o+ ——— ]
« several advanced 3D reco [T SBND Simulatidn
i i o 2+
efforts being developed in parallel. § i ; 02 ~Work in Progresis
e g 0 200 400 600 800
PandoraHistogram _ E (MeV)

2= Fermilab
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SBND Simulation Preliminary

PDS reconStrUCtion = T 4 Coated PMTs (direct+reflected)
S0 H4 Uncoated PMTs (reflected)
. . . Y # C d PMTs (di |
« PMTs are the primary light collection system. z. | SR A e
» PDS reconstruction chain is ready for both PMT and X-A: %
— Infrastructure to deconvolve single PE shape is in place. 2
— OpHit ad OpFlash finding are ready (may need tuning).  >*
— Two flash-matching algorithms exist. §‘ %
* Full chain exercised on MC: T » (gd m);i”c[a‘;j] LT
— Position reconstruction in all 3 coordinates (10-25cm
resolution) V. High Light Yield
— Able to reconstruct signal timing to O(2ns) i — v
» Publication in advanced stage (should go to collaboration I i i e e G (,
review imminently). o0 e T o o o o b :
120 _ = 025, SBND Simulation _#* Sl & & & @ T¥ |
10| SBND Simulation | e ] Pretiminary g ~ % eeosecs ool
2 g Preli ilnary ] d E ' E , o ” - - (;
& L ” <015 > %/ © @ @ e 00 00 o
> 60 %
o 6o | © @ @ @ @0 00 i
# 150 : c
:Z 0.05 s 0.0 o.o o'o o.o Lo
R Coua e e o 500 ° so(ddm;:g [cm]1so 20 . o Eleml ZPE;/(gPE‘)rr;ax
Time [ns] SBND Simulation Preliminary
aF Fermiliab
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number of CRT hits

CRT reconstruction

 CRT reconstruction is functional and tested on small
CRT test installations (sharp, flat).

» Calibration chain is operational.

* We have already seen neutrinos (and beam buckets).

 Ready to go as soon as it is installed.

- 2 :gBNID (;RT‘##I e cosanrt 1y 1.2 I I '
ot SRS £ 500Fnnaor Em 1 5 o ;
250:_ ::(‘gag;‘lgr;‘;lgnal 8 400i 2/ dof: 13.017/15 _i h‘__’ 0 8 [ X
E - 1 £ 0.8 ]
: [ ] 1]
200(— 300 - - [
1505_ 200 E 0.6 - —— Efficiency
; E _ 0.4 B m=== True Distribution .
100f— [ ] [ . ]
. 100 ] 2 SBND Simulatign
- [ SBND. Data ] 0.2 + Work in Progregs
- w co Work in Progress . ] [ ++I- | 1
E L | —— .
N N 3 19 L 20 00 10 20 30 40 50
CRT hitime - BES (us) CRT - Beam | Mod (18.94) [ns] True energy (MeV)
2& Fermilab
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Multi-system event reconstruction

SBND is the first experiment that
will be set up to use the three TMVA overtraining check for cassifier: EDT
systems (TPC, PDS and CRT) in _| e rmegm)] |1 e ]
analyses from the get go.
« It will change the analysis
paradigm and open new
possibilities, once the full system
is ready. = 4
« We plan to make physics o DT respanse
measurements even in the

period before the CRT is fully CRUMBS Concept /\
operational:
— High neutrino/cosmic ratio Pandora Unambiguous CRUMBS
— use light to reject backgrounds Skl

— focus first on exclusive, \

contained channels.

(1/N) dN/ dx

U/0-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

JEt :
3¢ Fermilab
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SBND PRISM

With SBND being located very close to the beam
target (110m) and slightly off-axis (~74cm), the
detector sees a different flux based on position within

the detector
e  Similar to the DUNE-PRISM concept, but with a fixed detector

Muon neutrino .., vormalized Electron neutrino .. o maiized
g OAA Range, # Events 0.005 OAA Range, # Events
0.4 Off-axis . __ [0,0°,0.2°), 154440 — [0.0°,0.2°), 1019
- J - [0.2°,0.4°), 452330 = 0,004 —— [0.2°,0.4°), 3127
o ~—— [0.4°,0.6°), 723698 (o182 —— [0.4°,0.6°), 5033 . i
S 03 — [06°,0.8°), 885002 | o — we0sn6m8 | OBND-PRISM technique can help with
g ' —— [0.8°,1.0°), 869121 Eoooz — [0.8° 1.0°), 6568 . . .
< — nova2g, a2 | g% — nov129,5500 | background rejection and systematic
B 0.2 — [1.2°,1.4°), 407277 | + —— [1.2°,1.4°), 3370 . .
§ : (1.4°,1.6°), 231898 E,o.ooz °,1.6°), 2033 constraints in
w w . .
B 8 e oscillation analyses
: ; e BSM searches
e o e (Cross section measurements
0.0 0.5 1.0 1.5 2.0 25 3.0 0 1: 2 3 4 5
Neutrino Energy [GeV] Neutrino Energy [GeV]

Muon and electron neutrino energy distributions are affected differently by the off-axis position

2= Fermilab
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SBND Physics Areas
a N

SBND cross section
measurements

" )

JEt H
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SBN(D) Analyses: Status

16

First cross-section analysis chains are
very mature (culmination of work of
multiple generations of graduate
students) - first measurements possible
in FY24.

BSM, first focus on HNLs: driving
low-energy reconstruction
developments, exploit PDS timing
precision

BSM sensitivity paper being prepared
(target this summer).

SBND oscillation analyses share tools
with ICARUS. The end-to-end analysis
and analysis framework are mature.
Flux and cross-section uncertainty
predictions are well-understood and
working smoothly

2/21/24

=)
2

Slices (1x102! POT)
>

=

2

v, CC1p0mt

Amval t|me dlstrlbutlon to SBND, MHNL 100MeV

=)
>

SBND Simulation

0.38 0.40
Opt0 Time corrected Z using Pandora [us]

v, disappearance
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Planning

2= Fermilab
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First data & initial run plan

We expect to arrive at a stable detector configuration that v CC1pOm
will enable us to first physics data this spring. H
x104
0 we v, CC 1pOn
0.8 s vy, CC other
0 NC .

Even a relatively short run will provide a large number of ;io's WEE other
events. BNB can deliver between 3.5e19 - 5.2e19 £ 0.4 SBND Simulation

Work in Progress

POT/month = ~300k vp and 2k Vv, CC events in SBND.

o©
[N)

0.0

0.0 0.2 0.4 0.6 0.8 1.0
10.0

Plan to show first plots at summer conferences. First
publications could follow in the early 25 timeframe. These
data will be the basis of several PhD theses.

Stat. Err. (%)
(SN |
o wm

© N U
o

0.0 0.2 0.4 0.6 0.8 1.0
6pr [GeV/c]

JEt :
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MicroBooNE
5 6

First plots & detector performance paper

» We plan to publish a detector performance paper, based on

the results of the first FY24 data run.

« This will contain many of the results presented in the
Commissioning and Calibration talks + overview of first
analyses, and e.g. reconstruction performance.

» Inspiration from ICARUS, MicroBooNE and ProtoDUNE
papers.

ICARU S Track Start/End Points

Volume Exchanget
10

o 1

g E
g 0.9F

0.7

0.8F

Q.
0.5F

0.4f

0.3

0.2

0.1

obL

;— MicroBooNE Uy = 282 ms
£ LAr lifetime vs. time E

: La o Uy oal o v ¥ g vl gl : B Lo .
12 14 18 18 Days feom Startof Filtratio ~400 ~300 —200 ~100 0 100 200 300 400
x [em]
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107

FY25 First Full-Year Physics Run g

v, disappearance g 10
By October, we aim to tune the detector to a level that i
enables fully optimized physics operations.
First year of running should result in a sample with at least v
~2M v, events and ~15k v_ events. Both largest samples of
neutrino interactions on argon to-date.
This data sample will be used for publishing many papers:

* inclusive and exclusive channel differential cross _ o
section measurements, including largest sample of f 9,000
nues. 2 4000

- first BSM searches: e.g. HNLs, Dark Neutrinos 8

* measurement of the flux constraint for the SBN %000
oscillation !
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FY25-27 Full Data Set before the Shutdown

Muon Neutrinos SBND Simulation

CC Exclusive Channels
. v, CCOm, 4.3M Events
W v, CC 1m*, 0.9M Events
mm v, CC 11°, 0.5M Events
= v, CC multi-pion, 0.4M Events

Event Rates for 10 x 102° POT
in Active Volume (80m3)

e
e
a
)

A full SBND data set of ~10e20 POT would
correspond to ~6.5M v, events and 45k v_ events.

=
o
©

Relative Event Rate / 100 MeV

This will enable precision measurements of many 0'06
cross-section channels as well as measurements o

of rare-event channels (e.g. neutrino elastic 002

scattering, hyperon production etc..), pushing the 000 — e R e
limits of BSM searches, and the full sensitivity Netrino Eneray [GeV)

SBN oscillation measurements. SOND 5T fation

CC Exclusive Channels
B v, CCOm, 27k Events
mm ve CC 1%, 8k Events
W v, CC 119, 4k Events
B v, CC multi-pion, 6k Events

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

GENIE v3.0.6 G18_10a_02_1la

o
=
o

We anticipate gradual expansion of the analysis
data set, and a steady state of publications.

o
o
©

Relative Event Rate / 200 MeV
s 3

3
Neutrino Energy [GeV]

JEt :
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Conclusions

22

Start of SBND operations marks the beginning of the full SBN program at Fermilab!

Thanks to a tremendous amount of work by our students and post-docs, plus experience
from other SBN experiments, the SBND reconstruction and analyses are pretty much ready
to go.

We are the first experiment to switch on with advanced simulation features, reconstruction
and event selections. We aim to benefit from this by showing first results by the summer
conferences.

SBND has unique features (PRISM, PDS design, multi-system approach), which combined
with an unprecedentedly large neutrino set opens the path to many exciting new physics
measurements.

JEt :
3¢ Fermilab
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Thank you!

2= Fermilab
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Charge Questions

2. What work remains to prepare the experiment to begin physics
data-taking?

a. The installation of the CRT is not expected to be
complete at the start of the commissioning period. Is any
other work required to complete the assembly of the
detector? When will assembly of the full detector be
complete? How will this impact the first physics run?

3. Is there a well-understood run plan for the remainder of FY24,
consistent with the planned accelerator schedule and
performance? Have adequate resources from the laboratory and
the collaboration been identified for an efficient and safe running of
the experiment and for maintenance of the detector, and have the
responsibilities of the collaboration and Fermilab staff been clearly
defined?

24 2/21/24 SBND Operations Readiness Review / SBND Run Plan and Analysis Outlook

We expect to be able to take
physics quality data already in
FY24. Despite CRT being only
partially installed, we aim to use
this data to perform the first set of
measurements.

Once the detector achieves a
stable condition, we plan to take
beam data opportunistically,
while we continue improving
detector calibration in
preparation for beam in FY25.

2= Fermilab



4. Are there well-developed plans for data processing and
analysis? Have sufficient resources from the laboratory and
collaboration been identified to execute these plans?

5. Are there clear goals set for reporting and publishing the results
from the experiment in a timely fashion?

2= Fermilab
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Analysis Organization

Organizational Chart

[ SBN Publication Committee
[ | heinmenipos fcobztnemnee
e O SBN Board SBN Institutional Board SBN Speakers Committee
ai Bl SEN Oueraght Boarc SBND and ICARUS Chair: Marco Pallavicini oo et
Deputies: Cat James, Anne Schukroft an spokespeople dzIarco. Vittorio Paofone, Anna Heggestuen
| H SBN Results Committee
| ' Karagiorgi*, Costas Andreopoulos®
| 1 Luca Stanco
1 1
1 1
I 1
I
O R R S AR | SBND Board SBND Code of Conduct
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SBN(D) Physics Goals: Cross Sections

* Neutrino-nucleus interactions are
complicated! Need to be understood B BNB . i

Joanna Sobczyk

for precision measurements (e.g. O | scarrening ®
oscillations). = “QUAS;éiL':\STIC REZ‘E’gl’;’;‘fE
« SBND has a unique opportunity to . DEEPINELASTIC
make crucial measurements in this |resonances REGION
area. '
— extremely high statistics | , :
. . 2 2 2 energy transfer
— interesting energy range o€ Z Tam e
— advanced reconstruction.
* Inlonger term, the proximity to SBND DUNE —mmea A |-

w+e=+ 99% of SBND Events (88% of DUNE)
02.11a

beam will enable previously L Vi naouss— 1 Vi
. 7 0.00030 @

[l S = 40%
unavailable rare-event Lo
%5 r# % 0.00020 -
searches.
3 g e

£, 2 0.00010 8%

é 1 0.00005 o0

0 1 2 3 4 5 0. 2 3 4 .

E, [GeV] 2 AEV (Gev] © & 10 w [GeV]

DUNE kinematic coverage is represented with the blue 2D histogram.
SBND kinematic coverage is shown with 3 contours,
representing 70%, 90%, and 99% of all SBND data.
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Cross section analysis program

28

First analysis chains are very mature (culmination of work of multiple generations of
graduate students), examples:

x104

1.0 x103
Numu CC1p0pi Selection: o e o otmer | == wcc1p0n  SBND Simulation
. . [ vy, CC other
o Plot normalised to 3 2 . 2%/ m- N
months of data £06 m—other 53] mm other
O Shows full event selection ‘go.4 SBND Simulation %2_
(in transverse kinematics) 5 :

y

with high-purity

10.04 &0 02 04 06 08 1:0 0 0.0 0.5 1.0 1.5 2.0 25 3.0
Nue CC Inclusive and NC1t° s N I F— = g0y
o Selections also very 3 el I I e & 50 j
mature. " 00 0.0 0.2 oi4 0£6 ois 1.0 & 0.0 j I T
5pr [GeV/C] 00 05 LoaaT[lG'iwc] 20 25 30
£= Fermilab
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Proton Beam (8GeV) Beryllium target

Alternative Explanations for
the LEE & beyond (Not to scale)

SBND can explore many alternative B A
models that explain the MiniBooNE
excess, and other BSM scenarios

Transition Magnetic Moment Axion-like Particles

We are very actively collaborating with
theorists to explore possibilities for
e+e- pair w/ or w/o photon shower and high-energy

searches & capabilities of our detector hadronic activity hadronic activity e*e, pipr
e several models
already
implemented
in our
simulation &
reco

Heavy Neutral Leptons Higgs Portal Scalar Light Dark Matter Millicharged Particles

_ i ete-, pytps, no . . .
ete-, pty-, pm hadronic activity electron scattering blips/faint tracks

2= Fermilab
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Searches for Physics Beyond the Standard Model

* several analyses under development Arrival time distribution to SBND, My, = 100MeV
— HNL search in most advanced state 10_
— Work ongoing on Dark Neutrinos and DM _
scatters 2 1o
«  BSM searches driving the development of =l v
low energy (shower) reconstruction =t
developments, exploit PDS timing precision 10;32;:-;{':3’;:{:;2&

0.36 0.38 0.40 0.42 0.44
Opt0 Time corrected Z using Pandora [us]

* sensitivity paper being prepared by the

l I I “(1‘7,028)
group (target this summer). 15,500 o ML 2
5\ ons = 160
* Most analyses being developed with 3 = b
assumption of first year of data available. 2 6000 il
: 3,000 -

0 20 40 60 80 100 120 140 160 180

Shower Theta F =
.. Fermilab
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SBN(D) Physics Goals - oscillations

I T
« SBND plays the role of the near detector in the SBN, F femeen T
constraining the flux and reducing the systematic P -
error. L NG
«  The SBND Oscillations WG is integrated within the S N N
SBN Analysis WG structure, and benefits from close o i .
coordination with the SBN Analysis Infrastructure L IR ]
107 102 0!
WG. ',
« SBND oscillation analyses share the tools with ‘%102 T
ICARUS. ol
« The end-to-end analysis and analysis framework are ; 1
mature. 1] E
« MC-based selections are continuously optimized | i
* Flux and cross-section uncertainty predictions are - o
well-understood and working smoothly T T B o~
5in’20),,
2& Fermilab
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Oscillations analysis plan

* The ultimate oscillation analysis would use:
numu disappearance + nue appearance + nue
dissapearance + NC disappearance.

* The intermediate steps to get there go through subsets of

channels:
— st.1 exclusive numu disappearance
— st.2 inclusive numu disappearance + nue dis/appearance
— st. 3 and beyond full search, with increasing stats.

* Framework matured and tested on ICARUS data.

» We are capable of propagating selection and systematics
through to sensitivity evaluations, and are ready to push
forward with detector systematics assessment and
incorporation into the sensitivity.

« This rests on detector data, crucially needed to validate our
detector model.

JEt :
3¢ Fermilab
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Detector conditions over time
Initial Physics Data (FY24)

We expect the data to enable physics analyses out
of the box

*+  Good TPC cold electronics noise level
*  PMT gain values roughly aligned with reasonable spread

*  Partial X~-ARAPUCA system

*  Partial CRT installation (bottom and downstream/North
wall initially)

*  Some Trigger background rejection possible (1 in ~20
events with a neutrino interaction with an “every beam

spill” trigger)
«  Stable DAQ running

*  Exposure accounting capability

JEt :
3¢ Fermilab
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Detector conditions over time

Initial Physics Data (FY24)

34

Good TPC cold electronics noise level —

PMT gain values roughly aligned with reasonable spread —
Partial X-ARAPUCA system

Partial CRT installation (bottom and downstream/North
wall initially)

Some Trigger background rejection possible (1 in ~20
events with a neutrino interaction with an “every beam

spill” trigger)
Stable DAQ running

Exposure accounting capability

2/21/24

High-quality Physics Data (Fall 2025 onwards)

TPC cold electronics noise level: tuned to excellent level

PMT gain values stable and maintained with a small
spread

X-ARAPUCA system fully installed, commissioned and

calibrated

Complete CRT installation including both top layers, fully
commissioned

Trigger fully operational and capable to simultaneously run
multiple event trigger types

DAQ maximum sustainable output rate

Sophisticated Exposure accounting capability

2= Fermilab
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