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Short Baseline Near Detector (SBND)

_/ Precision v-Ar cross-sections
» » Hunt for sterile neutrinos
« Beyond standard model searches -
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SBND Data Taking

SBND Run 1 Cumulative POT

SBND Preliminary Dec. 20, 2024 - Jul. 8, 2025
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RUN 14737, EVENT 586

e« Run 1 collected neutrinos from > 3.48e20 PLANE
POT already equivalent to 3M NC & CC
neutrino interactions

« Expect millions of neutrino interactions for
SBND's lifetime (10e20 POT)

RUN 14737, EVENT 586
PLANE 2
July 11, 2024
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SBND Specifications
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[1] Construction of precision wire r

[2] Scintillation Light in SBND: Simulation,
Reconstruction, and Expected Performance

of the Photon Detection System
rXiv:2406.07514

SBN
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« SBND is a monolithic

LArTPC with 2 TPCs
divided by a cathode
plane assembly (CPA) [1]

« 3 mm wire and inter-plane

spacing

Photon detection system
has 17% coverage of
each APA wall [2]

External cosmic ray tagger

(CRT) with 47 coverage
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https://arxiv.org/abs/2002.08424
https://arxiv.org/abs/2406.07514

Calibrations and Detector Performance
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SPINE for SBND [3]

SPINE (Scalable Particle Imaging with Neural Embeddings) [4]

Fast - Process the entire SBND dataset (full 3 year data-taking) in 2 weeks

Automated - Only requires training, minimal manual optimization needed

Effective - High purity and efficiency neutrino identification and reconstruction
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[3] B. Carlson, Maghing—Learning—Basgd [4] F. Drielsma, K. Terao, L. 0'5 S / event
D Reconstruction Chain for the Sh Dominé, D.H. Koh https://
Baseline Near Detector, SLAC_EBD_S_emmar arxiv.org/abs/2102.,01033
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https://arxiv.org/abs/2102.01033
https://arxiv.org/abs/2102.01033
https://arxiv.org/abs/2102.01033
https://indico.slac.stanford.edu/event/9890/

SPINE for SBND [3]

See SLAC FPD Seminar for
SBND full chain performance

[3] B. Carlson, Machine-Learning-Based
Baseline Near Detector, SLAC FPD Seminar
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https://indico.slac.stanford.edu/event/9890/

Complimentary Subsystems
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https://sbn-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=41112&filename=sbnd_cm_spine_evd_contest.pdf&version=3

Flash Matching

How do we use light information?

N . ¢ 0.,
L g tr 1. Compute hypothesis (H) from
® o o, . .. . . .
Hypothesis ©oeee .. charg§ in interaction using semi
flash ce on T " analytical model [5]
° o 260 oo 2. Flash score calculated using ;(2
v oo o6 e 3. Select interaction that matches
4 . o o o0 o flash (R) with lowest y?
1 | 2
PMT wan Y = ! (R; — H))
flash Neps i R;
Post-processing

A SBND Data
Work in progress
Run 18255 Subrun 1 Event 142421

[5] D. Garcia-Gamez, P. Green, A.M. Szelc
Eur. Phys. J. C 81, 349 (2021)
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https://sbn-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=41112&filename=sbnd_cm_spine_evd_contest.pdf&version=3
https://link.springer.com/article/10.1140/epjc/s10052-021-09119-3

SBND SPINE Analyses
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v, CC Inclusive Selection

~N Run 18255 Subrun 1 Event 142421
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- Utilize SPINE to select v, CC
candidate and muon

« Demonstrate ability to reject
cosmics - largest background

>90% interactions pre-cuts

e Cross section and v,

disappearance searches

e Probe final state muon

kinematics where there are
minimal nuclear effects

UNIVERSITY of

B. Carlson / SBND UF‘FLORIDA


https://sbn-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=41112&filename=sbnd_cm_spine_evd_contest.pdf&version=3
https://sbn-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=41112&filename=sbnd_cm_spine_evd_contest.pdf&version=3

v, CC Inclusive Selection

Flash Match (best match, whole detector) + SPINE (ML) TPC reconstruction
SBND Preliminary Simulation
/ 3.48 x 1020 POT

. Utilize SPINE to select v, CC

E'"'VL'c&Jc;n't')Jebék'!147'/3"'"""""""' ] .
250000__ vy CC (exit.) (600k, 465/)}S’gna - Candldate and muon
- = v, CC (OOPS) (26.3k, 2.0%)
N - W= Non-AV (24.4k, 1.9%) - .. .
5 200000F s 1. cc 220,00% « Demonstrate ability to reject
© - mmm v NC(17.4k, 1.3%) 7
O 150000 == Cosmic (20.6k, 1.6%) - - . | b I( d
-8 - Uncontained selection ] Cosmlcs - argeSt aC groun
@ 100000 GENIE AR23_20i 00 000 B —
@) = _cV1_VU_ — - . .
ook - E « >90% interactions pre-cuts
E _——___— N
_lm||||1||||||||||||||||||||||||_
0 . . oy
T S e T M0 Contained Contained or exiting
Flash Match (best match, whole detector)+SPINE(MLI;lTPC reconstruction Purlty = 930/0 Purlty = 930/0
SEND Preliminary Simalation 3.48 x 102 POT Efficiency = 91%  Efficiency = 79%
200000 T T T T T T T v ]
B .- S’gnal { v, CC (exit.) (600k, 46.5%) ]
L 1so000F W = = el o Cross section and v
bt - o . v, CC (220, 0.0%) | . H
S 100000 _ = Comc oo o0 ] disappearance searches
< B f— ncontained selection ] M
S ol e |1 Probe final state muon
- B | kinematics where there are
00 05 10 15 20 25 minimal nuclear effects
Reconstructed y Momentum [GeV/c]
sBN UF FLORIBA

12 Oct. 29, 2025 B. Carlson / SBND


https://sbn-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=41112&filename=sbnd_cm_spine_evd_contest.pdf&version=3

7V Selections

)

N
«

DET

« Background for electron searches
» Detector calibration, ensure m,, agrees with m,
* Important for cross section measurements
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Candidates

U'selections

« Background for electron searches
Detector calibration, ensure m,, agrees with m_
Sh k f lected 7° - | h '
: arp peak for selected n” -> excellent shower reconstruction
Important for cross section measurements

m o = 134.98 MeV/c? [5]
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https://pdglive.lbl.gov/Particle.action?node=S009
https://pdglive.lbl.gov/Particle.action?node=S009

Michel e- Selection

« Michel electrons from decaying electrons from muons
« Useful for low energy calibrations, probe low E with

unprecedented precision

SBND Preliminary Sim. normalized to data*
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Conclusion

« SBND is calibrated and exhibits excellent performance
« Already collected 1yr or around 3M neutrino interactions to-date
« SBND SPINE has many mature selections, ready to compare to
data
 Early simulation selections show promising performance
« Michel selection can probe low energies with high purity
sample

SBN UNIVERSITY of
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Thanks!

: | I HI‘_[N“" L

7\ (3
SBND Collaboration Meeting, Sheftield, June 2025
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Semantic Segmentation
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| 2000

 Track - lonizing, rectilinear, continuous
Shower - EM shower

Michel - electron from muon decay
Delta - electron from track interaction
« LE-amorphous blips
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PPN

« Point proposal network (PPN) learns attention mask for points of
interest

Encoder

sub-voxel

m I : tconv-s2-fdec

softmax

— Residual connections

-=-=-» Concatenation

score threshold
add labels @ train

® Multiplying by
attention mask

PPN1
attention
mask

PPN2
attention
mask

L. Dominé et al.

—
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Fragment Clustering
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« Construct intermediate representation of particles called fragments
« Reduces complexity of downstream GNNs

* GraphSPICE is “smart” version of DBSCAN

Avoids clustering particles together at verti
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Particle Clustering

« Aggregate fragments into particles using a Graph Neural Network
(GNN)
 Edge representation is the correlation between fragments

Fragments Edge Update Node Update
' N i N
O O
i ° ° Output graph Groups
O ® o
,}} O f O O Edge §
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Particle ID o —
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Calibrations and Detector Performance

SBND Preliminary

? - Light Trigger

= 4.5 PMT flashes

c - XARAPUCA flashes
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2D -> 3D Projection

Consume 2D hits in each of 3 projections to make space points
 Finds pairs of hits compatible within a time threshold
« Forms a space point from 3 wires where 2 hits are compatible in

time to form candidate space point

Wire planes T. Usher
v v \/ ' Position considered
By cluster3d from
/\/ \ combinatorial
/ /\ analysis
/ /\ /\ \ 2D Hit in wire
/ / /\ planes from track

« False combinations create ghost points, which are de-ghosted
using a UResNet CNN

SBN UNIVERSITY of
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Deghosting

 Label each point in simulation sample as ghost/non-ghost

* Learn ghost/non-ghost from reconstructed spacepoint information
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UResNet Sparse CNN «.

« Point-wise feature extraction uses Sparse Convolutional Neural
Network (CNN)
« UResNet architecture used as backbone feature extractor

Input Output

Encoder Decoder

----- >
I I | I I I I — Residual connections
'l! I I - = =p» Concatenation

L. Dominé et al.

—
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Deghosting
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Training Sample

« Multi-particle vertex multi-particle rain (MPVMPR) sample - 2

generators

e Rain (MPR) <—> cosmic activity
« Vertex (MPV) <—> neutrino activity
« Use this over neutrino + cosmics event generators to...

« Sample particle abundances and energies from uniform

<% SBND Simulation
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UResNet Sparse CNN

Semantic Segmentation

Backbone (L. Dominé)

UResNet (UNet + ResNet + Sparse Conv.) as the backbone feature extractor

UNet ResNet Sparse Convolutions
e Downsizing -> expand Identity bypass + e Only applies
receptive field convolution -> learns convolutions on
e Skip connections -> residual transform active pixels
preserve resolution e Speeds up learning, e Saves memory,
enables deeper networks execution speed
J (dramatically)
ach foe] [+1*|*] srgmevearon X
= o Y "
] | weight layer ’ ‘*’
. HH F(x) Jrelu . ) s el
H t weight layer ' . s ‘
> comw 33, Rl |dent|ty { 0
H‘!, a .....!“ e e
o o F(x) +x
ML-based Reconstruction for LArTPCs, F. Drielsma (SLAC) 15
SBN UF ‘ UNIVERSITY of
FLORIDA
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