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Horn + decay pipe 760 tons of argon
476 tons active
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The SBN programme has 3 main physics goals:

1. Accept or rule out definitively the short-baseline anomalies

2. Precisely measure neutrino-argon interactions in preparation for
next-generation long-baseline experiments (DUNE)

3. Search for exotic signatures beyond the Standard Model

4. Characterise the performance of LAr detectors for DUNE
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Liverpool at SBND

Academics:

* Costas Andreopoulos (IB)

e Christos Touramanis Making key contributions in:

* Kostas Mavrokoridis * Oscillation analyses (VALOR group -- Costas, Beth, John)
Research staff; . Fhax and BSM simalations (John)

e David payne * Expert detector operations (David, Beth, John)

* John Plows

* Also many thanks to Marco Roda for his previous work on SBND!
PhD students:

* Beth Slater (finishing soon)
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BSM signatures in SBND

R. Jones, Status of SBND, ICHEP 2022

= realisation of LLP

Dark Neutrinos

€ sBND Simulation

e’e” pair with or w/o hadronic activity

Transition Magnetic Moment

&8 oD Simulation

Photon shower and hadronic activity

Axion-like Particles

&) SBND Simulation

High-energy e"e” or p™y

Example signatures and
event displays for various
BSM scenarios

Not an exhaustive list

Some diagram credit: Pedro Machado
Slide credit: Marco Del Tutto

Heavy Neutral Leptons

& SBND Simulation

e’e’, u'u or utm

Higgs Portal Scalar

% SBND Simulation

e’e” or u'y’, no hadronic_activjt
A John Pigws -

Light Dark Matter

w SBND Simulation

Electron scattering
BND & JUNO

Millicharged Particles

ArgoNeuT PRL124 131801 (2020)

Blips/faint tracks



https://agenda.infn.it/event/28874/contributions/169674/attachments/94410/129241/8-7-22-ICHEP2022-RSJones-Final.pdf

SBND Datal

* SBND started taking BNB data Summer
2024 (May-July) then again from end
August onwards

= Keepup is split between FermiGrid (FNAL)
and Polaris (ANL)

= Temporarily paused keepup processing due
to disk size constraints but have ~1e20 POT
already
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RUN 14775, EVENT 421
July 12, 2024

Massive amount of data (~7000 neutrino interactions per day) ; world-
leading measurements of poorly-modelled neutrino interactions, rare
signals + BSM searches with unparalleled sensitivity!

DATA v, CC 1pi event!
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RUN 14445, EVENT 120
July 04, 2024 - 20:40:22 UTC

RUN 14445, EVENT 120 RUN 14445, EVENT 120
July 04, 2024 - 20:40:22 UTC ) July 04, 2024 - 20:40:22 UTC

RUN 14445, EVENT 120 RUN 14445, EVENT 120
July 04, 2024 - 20:40:22 UTC , ) July 04, 2024 - 20:40:22 UTC

E&4d UNIVERSITY OF

‘ﬁ“; m John Plows - SBND & JUNO




Commissioning

* Finalising Cosmic Ray Tagger commissioning

= Added repurposed MINOS modules to CRT Bottom wall =
increased cosmic coverage

* David (our Ops lead) & CRT team have put together a
plan to use BNB summer shutdown for testing
= This is a huge amount of work from all CRT team!
= Lots of test runs ahead
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Other operations updates

« We’ve been taking large amounts of control room (Beth Slater + I) and expert (Beth [Trigger],
Dave [CRT], I [DQM]) shifts

- U LiverpOOl Currently maintains the following authOI‘S Username Name Disabled Inactive Author Shifter Status Skills
. . . . costas Costas Andreopoulos author  shifter
= Shift points assigned to Liverpool were: kostasm  Kostas Mavrokoridis author  shifter
® 88 (]an_]un 2024) mccauley Neil McCauley disabled inactive author
djpayne David Payne author  shifter
¢ 118 (IUl-DeC 2024) kplows Komninos John Plows author  shifter DQM
° 108 (]an-]un 2025) bslater2 Beth Slater author  shifter

= At 10 points per CR shift and 3 per expert shift
= Quotas will hopefully be lowered

» SBND shifters need to sign up for ECL account(FNAL computing account required)
= https://dbweb8.fnal.gov:8443 /ECL/sbnd /E /index
= Shifts can be remote

* One has to fill out a shift preferences form every ~6 months (look out for emails by SBND shift
coordinator)

= CR split by weekday (Mon-Thu) and weekend (Fri-Sun), Night (06:00-14:00 UK) / Day (14:00 - 22:00) / Swing (22:00
- 06:00) ; expert is in weekly blocks 24 /7

» Best way to test connections for remote CR shifts: shadow shift (sign up on ECL, no points)
= [ also wrote up a “cheat sheet” with detailed instructions re. remote connections
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https://dbweb8.fnal.gov:8443/ECL/sbnd/E/index

 Data quality: We monitor our data for
features that might require intervention
from subsystem experts

= Example: spotted (potential cable?) delay by 5.3
us on CRT board 86

= Supported by common SBN-wide backend (for
decoding data fragments) + Flask frontend

Other operations updates

Mar 26 Mar 27 Mar 28

Time (CST/GMT-6)

Comes from the fact they have their own totally
exclusive Tin/Tout loop!!! Therefore “expected
behaviour” once you think about it but we'd
never have predicted!

Board 86
-5326

—53274

—5328+

ATO [ns]

=5329+

—5330+

—-5331

CRT DQM Updates

10
Fun Stuff New DOM turns on! H. Lay, SBN DocDB 40708

Boards 73 & 88 super correlated deadtime! / J\ e |
50k //

SBND CRT Meeting - 9th April 2025
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https://sbn-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=40708

 SBN Releases + Production:
= SBN is moving into its Spring production campaign

= This requires coordinated effort from SBND and
ICARUS for release coordination

= SBN software is hierarchical:

* LArSoft 2> SBNSoftware

 larsoft (+ other repos) = sbncode, sbnalg, ... 2>
sbndcode

= Validated our production campaign (MCP2025A),
now running full campaign with emphasis on
detector model systematics

= Next productions will emphasise interaction and
flux systematics

Other operations updates

SBND Technical
Coordination

Coordinator: Anne Schukraft

e

SBND Technical Board
Chair: Anne Schukraft

Experiment Ligison
Officer: Corrie McGivern

Environment, Safety,
Health & Quality Section
DSO: Mike Frederick

Information Technology
Division (ITD)

For Spring production 23

Accommodate breaking changes for geometry refacto...

add first NuGraph2 info to CAF #137

Feature/cerati ng2caf

Refactor each TO in Call

libration NTupler into its own

Ints -> Doubles for low-level CRT reco #126

Fix Handling of CRT in Calbiration NTupler

SBNB POT Accounting

Producer Modules

Accommodate breaking changes for geometry refact...

Fix bugs in v10 upgr:

Prevent over-extension of vector length

Exclude CVN iin the code and fel files for now #

Geometry v10
TEMPORARY CHANGE:

) TEMPORARY ISSUE: Ve

isable vertex refinement in p..

rtex Refinement is disabled un..

Add sbnalg to Jenkins build stack

CRT Calibrated Timing

Update reco2_datafcl

Corrections #705

’_'

SBN Publication Committee

Allesandro Menegall, Jacob Zettlemoyer

Ines Git-Botella®, Afroditi Papadopouiou®

SBN Board
SBND and ICARUS spokespeople

SBN Institutional Board
Chair: Marco Pallavicini

Paolone, Anna Heggestuen

SBN Speakers Committee
Vishvas Pandey*, Rhiannon Janes®
Vittario

SBN Results Approval Committee
Georgia Karagiorgi¥, Anne Schukraft*
Daniele Gibin, Luca Stanco

SBND Institutional Board
Chair: Jarek Nowak

=

SBND Community
Agreement Committee
Rhiannon Jones

SBND Commissioning
Michelle Stancari

Information Technology
(17D}

Computational Science and

Al Directorate (CSAID)

- » Anne Schukraft
SBND Executive Committee Lynn Tung
+ Phygﬁ Joseph Zennamo
Coordinators + Josh Klein, Ana
SBND Spokespersons Mochado, Vitoly Kudryavtsew ﬁ
Ornella Palamara SBN-Young
David Schmitz ™1 sBnD D i i’ SBND Rep: Matt King
Andy Blake (Chair) ICARUS Physics
Raquel Castillo U e
Rhiannon Jones
Miquel Nebat-Guinot '
1
1
[ ] :
. 1
SBND Operations ::;Ds:::";::; ---------------- L=
7777777777 Monica Nunes
Andrze] Szelc

Lauren Yates

TPC
Nicola McConkey
Louren Yates

TPC Cold Electronics
Elizabeth Worcester
Diana Mendez

I

CcRT
Henry Lay

Photon Detectors
Vincent Bosque

Computational Science
and Al Directorate
(CSAID)
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Accelerator Directorate
Beams Division
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DAQ, Dam
Bill Badgett, Amy Filkins,
Doisy Kaira

Trigger
Tereza Kroupova

Slow Controls
Sungbin Oh

Beam & Timing
Dante Totani

Run Coordinator
Justin Mueller

Deputy Run Coordinator
Avinay Bhat

Shift Coordinator
Bruno Zamorana

Detector System Experts
TRE-HV: Nical McConkeys Manica Nanes.
TPC-CE: Diana Mender
PDS; Vincent Basque
CRT: David Payne
Trig/Timing: Tereza Kroupava, Dante Totani
BAG: Amy Filkins, Daisy il
'DCS/Man: Minerba Betancourt, Sungbin Oh

1

P

Diego Garcia Gamez

Mike Mooney Afraditi Papadopouiou
Linyan Wan Vishvas Pandey
Dom Brailsford Georgla Koragiorgl

Lauren Yotes

SBN Analysis Infrastructure
Giuseppe Cerati
Steven Gardiner®

SBN Joint Oscillations
Working Group
Geeraia Karegiorgl, foseph
Zennamo, TBD

Simulations
Marco Del Tutto
Migquel Nebot-Guinot

BSM Searches
Jose Crespo Anodon
Xigo Luo

SBND Release Mgmt
Nate Rowe.

SBND Data Mgmt
Thomas Wester

SBND Production
Mateus Carneiro

I

Analysis Framework
Josie Paton®
Gianfuca Petrilio

— 1

Release Mg, Validation
John Plows*
Sunny Seo

Production, Data Mgmt,
Waorkflows
Mateus Corneiro*
Matteo Tenti

Simulation Infrastructure
Leo Aliaga®
Jacob Zettlemoyer
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* SBN flux simulation originally derives
from miniBooNE simulation

= We constrain the simulation to use the
same p-Be interaction cross-section

= Validating our new G4 simulation to use
robust flux drivers, providing detailed
systematics for neutrino flux
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10° |t BNB Simulation at SBND

Work In Progress . . -
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Carrying out joint fit using SBND-PRISM (off-axis slices of detector which
see different neutrino fluxes)

Have been updating our recent sensitivities to use the “MicroBooNE CCOmt
tune” in GENIE (2hys. Rev. D 105 (2022) 072001)

= Beth’s also producing mock data for near and far detector = useful characterisation of effects
that can confound sterile neutrino signals!

We're also developing the full systematics framework to include correlated
systematic uncertainties

= 128 (cross-section x flux) systematic parameters
= Many interaction modes
* > 0(1000) individual response functions!

Carrying out cross-checks with other SBN fitter groups
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072001
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It's been a great year and we
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JUNO (Jiangmen Underground Neutrino Observatory)

A massive (20 kton) liquid scintillator detector (the largest ever built) with extreme radiopurity and energy resolution.
700 m underground, 53 km away from the Taishan and Yangjiang nuclear power plants in south China, near Hong Kong.
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- Taishan NPP
Yangjiang NPP

An observatory with uniquely rich physics program

reactor neutrinos,

solar neutrinos,

atmospheric neutrinos,

geo-neutrinos,

diffuse supernova background neutrinos,
nucleon decay

dark sector searches

Main science goal: Determination of the

neutrino mass ordering (NMO) by 2030

L4d Liverpoolis a new member of the JUNO Collaboration - one of only two UK groups (w/ Warwick)

&R
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JUNO work at Liverpool

® ML-based neutrino event reconstruction and classification
® Physics simulations - Liverpool-led GENIE: http://www.genie-mc.org

® Analysis frameworks - Liverpool-led VALOR: https://valor-fit.github.io

® Atmospheric neutrino oscillation analysis
® Aiming to enhance JUNO NMO sensitivity

® QOther analysis topics under consideration

o Dark sector searches,
E &4 UNIVERSITY OF o Tests of quantum foundations
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Team Leader
Prof. Costas Andreopoulos

PhD students:

- Mr Liam Jones

Mr Yaoqi Cao (w/ Warwick)

Mr. Ziou He (w/ Warwick)

Mr Zekun Yang (expected to start 10/2025)
Ms Qianying Yu (expected to start 10/2025)



http://www.genie-mc.org/
https://valor-fit.github.io/

JUNO starts physics data taking in August 2025  *°
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JUNO starts physics data taking in August 2025

20244F12 Q220 B 21 l ,::b" o

Filling with water
completed earlier this year

First muon events in water pool - PMTs work fine
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Height(m)
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JUNO starts physics data taking in August 2025

JUNO Liquid Level Display

Stage

L L L L L L L L L L O e e B I B B N |
I e i e i - T B A~ T B S VI N R
O W o ~NOWm R WKN

LS: 43.45 m CD Water: 26.24 m WP Water: 42.46 m
Vis: 7291.1 m? LSIn: 7.25 m3/h WaterOut: 7.16 m3/h

UNIVERSITY OF

LIVERPOOL John Plows -

Replacing the water in the
central detector (CD) with the JUNO
liquid scintillator (LS) mix is in progress.

Comprehensive QC/QA program at every step of the LS
production and frequent measurement for batches:

« UV-Vis for every batch
o Attenuation length for sampling batches, ~20m
« Radiopurity by ICP-MS every week:
o U/Th<~1x101g/g
o 222Rn by test facility (OSIRIS):
o ~0.5mBg/m3
« Radiopurity monitoring for N2 and water
« Leak control and checks

LS filling expected to be completed
at the end of July 2025

SBND & JUNO
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JUNO has superb physics sensitivity +

JUNO is using a novel technique that exploits the interference between the solar and atmospheric oscillation frequencies,

"Normal" hierarchy "Inverted" hierarchy
- s o] B . .
i Vayn Bay = o am2 fF A gty
Near Site JUNO = T e Non oscillation (atm.) or
1.2 l Far Site E C - 61'—’ oscillarion . 2 {- i | Am232
= 05 —— Normal hierarchy Am, ﬁ” ]
s Y| # &q _\L e ety —r i o ——— Inverted hierarchy (501;3) N——
& 0.4 | A2 2 2
ZQ 0.8+ F -_\n‘xgl = A”?g.z + Arnjl.
é 0.6 - X Savannah River 0.3 :— . NH: ‘A”lél‘ = |-'—\”".322‘ + ‘-’-\’”51|
= ) 2 Zgae,:) - IH: |[Am3,| = |Am3,| — |Am3,|
0.4 € Goesgen 0.2
A Krasnoyark C
Sl E gﬂ:o\zlerde ® KamLAND 01 P.(L/E) = 1- Py — P;:, — Psy )
0.0 L 1 1 1 1 0 _" P P T I :--. - P_g] = ('().\'"(9“;)Sill'(?ﬁm)sill'(A-_)])
1 2 3 4 s 10 15 20 25 30 Py = cos?(6;5)sin®(26,;
10 10 10 10 10 L/E (knyMeV) P” o2 9: o2 .,0'
Distance to Reactor (m) 52 = sin®(612)sin” (261}
Central Value PDG2020 100 days ( Gyears ) 20 years
Am3, (x1072 eV?) 2.5283 +0.034 (1.3%)  £0.021 (0.8%) |£0.0047 (0.2%) | =0.0029 (0.1%)
Am3, (x107° eV?) 7.53 +0.18 (2.4%)  £0.074 (1.0%) | £0.024 (0.3%) | +0.017 (0.2%)
sin? 02 0.307 +0.013 (4.2%)  £0.0058 (1.9%) \&0.0016 (0.5%)) =+0.0010 (0.3%)
sin® ;3 0.0218 +0.0007 (3.2%) +0.010 (47.9%) +0.0026 (12.1%) =+0.0016 (7.3%)
sin?201,, Am%,, |Am3,|{leading measurements in 100 days; precision <0.5% in 6 years)
AXmin = Xolmin = XXo|min Ay
3.0
Combination for JUNO atmospherics and/or external data accelerator (NOVA, T2K)
g DB - . o
2 " or atmospheric data enhances JUNO sensitivity.
syt leact. Comb. 9
§ 29 :
A ; (”30 NMO determination with only ~1 year of data is a distinct possibility. )
wn 15
% . - https://arxiv.org/pdf/2404.08733
D | I | ”
’—:
xS 08 N epe . .
. Exciting times for JUNO just ahead; Stay tuned
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https://arxiv.org/pdf/2404.08733
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[ Inst12 (2017) P02017 Sense Wires 21

u vy V wire plane waveforms

Liquid Argon TPC —

U and V (“induction”)
planes produce bipolar
waveforms from electron

drift

p Charged Particles

Y (“collection”) plane
produces unipolar
waveforms from
accumulated charge on
anode

_—

(SBND has two TPCs with
the cathode in the middle)

Y wire plane waveforms

UNIVERSITY OF
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https://dx.doi.org/10.1088/1748-0221/12/02/P02017

RUN 14729, EVENT 41
PLANE 0
July 11, 2024

RUN 14729, EVENT 41
PLANE 1
July 11, 2024

RUN 14729, EVENT 41
PLANE 2
July 11, 2024

E&4d UNIVERSITY OF

¢ LIVERPOOL

Se®sts RUN 14780, EVENT 3009 ‘
g seno & July 12, 2024

Vy CC candidate
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Sunsets 23

* An early feature of the detector showing characteristic “sunset” waveforms in
the TPC

= Believed to have been caused by an electrical short
= Fixed during ramp-up - no sunsets have been observed since 35 kV (June 29, 2024)
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CRT Bottom wall

(MINOS modules shown in
purple)
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Phys. Rev. D 79 (2009) 072002
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