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SBND is now fully operational and has started to collect beam data from the 4th of July!
These are first-ever event displays from the early data collection :))
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SBND Data Event Display

SBND Data

SBND Data

SBND Data

RUN 14445, EVENT 4992
July 04, 2024 - 21:00:21 UTC

RUN 14445, EVENT 7379
July 04, 2024 - 21:11:00 UTC

L3I — 10:15 Neutrino Physics ? Panorama

Status of the Short-Baseline Near Detector at Fermilab ®15m

The Short-Baseline Near Detector (SBND) is one of three Liquid Argon Time Projection Chamber (LArTPC) neutrino detectors positioned
along the axis of the Booster Neutrino Beam (BNB) at Fermilab, as part of the Short-Baseline Neutrino (SBN) Program. The detector is
currently being commissioned and is expected to take neutrino data this year. SBND is characterized by superb imaging capabilities and
will record over a million neutrino interactions per year. Thanks to its unique combination of measurement resolution and statistics, SBND
will carry out a rich program of neutrino interaction measurements and novel searches for physics beyond the Standard Model (BSM). It
will enable the potential of the overall SBN sterile neutrino program by performing a precise characterization of the unoscillated event rate,
and constraining BNB flux and neutrino-argon cross-section systematic uncertainties. In this talk, the physics reach, current status, and
future prospects of SBND are discussed. didate

Speaker: Rodrigo Alvarez-Garrote (CIEMAT - Centro de Investigaciones Energéticas Medioambientales y Tec. (ES))

More details about SBND status can be found in Rodrigo Alvarez-Garrote’s talk at 10 am today ;-)
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Standard Model Neutrino

o Measurement of the Z boson at LEP shows there are three
flavours of neutrino with SM weak interactions

e Neutrinos mix and oscillate among three different flavours,

and the oscillation can be described by the PMINS matrix
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Standard Model Neutrino and Anomaly

Phys. Rev. D 103, 052002 (2021)
I I I I I I I I I L

I I

® An outstanding anomaly for 10+ years: LSND & MiniBooNE

I I I I I I I
e Data (staterr.)

< . %ﬁl I [ v, from piﬁ e
both reported an excess of low energy events in their v, g — R :
6 [—-- I «° misid _:
appearance searches: ! ELT —F E
é B p— (()Dt(r)]r?srtr. Syst. Error .
- one of explanations: sterile neutrinos oscillating into active g
3
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0
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The Short Baseline Neutrino (SBN) program

P. Machado, O. Palamara, D. Schmitz
Ann.Rev.Nucl.Part.Sci. 69 (2019) 363-387

. . . e o1 0.3 ————————————7————
e The SBN program @ Fermilab is designed to address the possibility of . e |
eV-scale sterile neutrino oscillations with 56 sensitivity > | s el
S 02| -
e (Consists of three Liquid Argon Time Projection Chamber (LArTPC) ¢ "
. . . s | £
detectors with different baselines S ol 3
® Detectors are on-axis of intensive GeV neutrino beam line e I :
e 5 1 . ) ,e . Ly ..
0'Oo 200 400 600 800
Length of neutrino flight (m)
Data taking since July 2024 2015 - 2020 Data taking since 2021
Target hall SBND MicroBooNE ICARUS

Horn + decay pipe /60 tons of argon
476 tons active
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BSM Production for the SBN program

Target hall

e Qther than sterile neutrino,
more sub-GeV scale

Beyond the Standard
Model (BSM) physics can
Magnetic horn be explored for SBN
Decay Pipe
NeULTING experiants™ Accelerator v -
energy landscape =L &
PTOLEMY Collider ICECUBE
...meV eV keV MeV GeV TeV PeV
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BSM Production for the SBND

Target hall

; | | . ” |
|| e ) N

o rid " — e P
/U TOons Oor arqaon

112 tons acti;/e

Magnetic horn
Decay Pipe

1
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SBND as a LArTPC

LArTPCs:

= g _

|
|

e 3D reconstruction with mm-level | Total dimension: 4m x 4m x 5m |

resolution
e excellent particle identification
® Jow reconstruction thresholds, sub-MeV

Two Time Projection Chambers |
with 112-tons of Argon |

— —

SBND Data

vMCC candidate
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SBND as a LArTPC

LArTPCs:

= g _

|
|

. Total dimension: 4m x 4m x 5m

e 3D reconstruction with mm-level
resolution

e excellent particle identification

® Jow reconstruction thresholds, sub-MeV

Two Time Projection Chambers |
with 112-tons of Argon |

— —

Photon Detection System:

® high and uniform light yield

® excellent ns-timing

SBND Data resolution

vMCC candidate
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Cosmic Ray Tagger (CRT) System for SBND

e SBND is an on-surface

detector and therefore is

exposed to cosmic ray
activities

Cosmic
ray

N
Top CRT panels

«— Cryostat

Side CRT panels

® To tag cosmics, the cryostat is
surrounded by ~47 coverage of
scintillator CRT panels.
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Special handles for SBND BSM analysis



SBND PRISM

P I S M

SBND sees neutrinos from several off-axis angles (OAAs)

>

(Off-axis angle is calculated w.r.t. target position) 4
4 View from the top
SBND detector
——
-
Y
Y
, | ©
— >
’ Z
S
>

® (lose proximity to target -> larger solid angle coverage
- Off-axis-angle range [0, 1.6°]

e SBND is intentionally positioned offset relative to the
beam centre to leverage the PRISM concept

e R I e e ———————— e ——————— e

r;xpplication of SBND-PRISM:

e Constrain flux/xsec systematic
uncertainty for SM neutrino background

e Higher BSM Signal /v bkg. ratio with large

|
|
|
|
i
off-axis-angle selection |
i
|
|
|
|

Y v Signal: Dark Matter

7 events from unfocused

cu neutral mesons

|
Background: neutrinos from the !
focused charged mesons, events i

decrease with the off-axis angle

|
|
|
|
|
|
|
|
|
|
|
|
|

L e e R e e e _?:J
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SBND - Precise Timing

Bunch structure of timing for v production The heavier mass the BSM particle is, the later
2 ns v bucket separate by ~18 ns gaps it will arrive at the detector compared with v
0.35
SBND Simulation Neutrinos
SBND recent publication [arXiv:2406.07514] 2 .30 BNP Workin Frogress - ;’ZOM;ZVHS;L
120 3L Z —— 375 MeV HNL
" tMC yom tMC(at upstream wall) [ treco > 0.25 -
100 - / v v v O
0 y S
= 80 / ( 5 0.20
Q / i / 8
> 60+ i i
3 “ 0.15-
20 7 r__o 010 ]
0 -y / L / .'; 1LLLL|1 . Y / ol g
360 380 400 420 480 500 2 0.054—— EZ‘E
Time [ns] = ‘ﬁ_‘——\_\_
0.00 | I

e SBND demonstrates the reconstruction of the v beam bunch structure with
. simulation using its novel PDS design.

' ® BSM analyses in SBND are exploring the use of timing to increase the signal-to-
background ratio

—— == i - = — — = ———— —
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BSM program in SBND

A non-exhaustive list of BSM particles produced at the Booster Neutrino Beam

|
|

e ——

Dark Neutrinos

Bertuzzo Jana Machado Zukanovich PRL 2018, PLB
2019
Arguelles Hostert Tsai PRL 2019
Ballett Pascoli Ross-Lonergan PRD 2019
Ballett Hostert Pascoli PRD 2020

— e

A

< . e‘
¢ < @//j

Pat Wilczek 2006
Batell Berger Ismail PRD 2019
MicroBooNE 2021

e

Heavy Neutral Leptons

J
/‘9/[0 ‘é ¢
/e _- .
I\ C

>d

\ WLLS G

Ballett Pascoli Ross-Lonergan JHEP 2017
Kelly Machado PRD 2021

—— e ——

— e

b e \ |

Axion-like Particles P

Tt

Kelly Kumar Liu PRD 2021
Brdar et al PRL 2021

p—— e ———
— —

Millicharged Particles |

Magill, Plestid, Pospelov, Tsai, PRL 2019
Harnik Liu Palamara, JHEP 2019

mage credit P. Machado and M. Del Tutto
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BSM program in SBND

|

A non-exhaustive list of BSM particles produced at the Booster Neutrino Beam

e

Dark Neutrinos

e+e- pair w/ or w/o
hadronic activity

|

efe-, U U, no
hadronic activity

Heavy Neutral Leptons

. Axion-like Particles

electron scattering

—_— =

s — =

high-energy
erer, U

— e —— e ——— —— - _ = e ———

Millicharged Particles

vd B

N - _ 7 o

e —

mage credit P. Machado and M. Del Tutto
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Model-independent Search in SBND

e

Search driven by experimental observables Advantages

Explore sensitivity to a generic long-lived massive e A simplified, unified sensitivity is defined by

particle X based on experimental observables (ie. event experimental observables

rates at different final-states) and general BSM ® This maximise discovery potential, which is
needed for BSM field

parameters (e.g. branch ratio, mass)

S

e

Magnetic horn

Decay Pipe
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Heavy Neutral Lepton (HNL)

Production Decay

U U Ues || Ugy : —_
UE:L'tended L Uﬂl Uﬂz UN3’ Uﬂ4

PMNS Uy Uy U ||Usll !

pd
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{ =—— vue
| —— vupu

p—t

<
N
|

Branching Ratio Of The Mixing U,

p—
<
w

| | | |
100 200 300 400 500
HNL Mass [MeV]

o

HNL then decays to SM particles

HNL can be produced from K" decay with rate « |U_, |4 a=e,U,T
a 9 9 9

up to ~500 MeV in the neutrino beam
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Heavy Neutral Lepton (HNL)

Sensitivity at 1x10%! POT (3 years of data)

Preliminary truth-based sensitivity

SBND Simulation | Work In Progress
mHNL — 100 MeV 10-41 ] T I gl |
10-5{.
107+ —— PIENU
o {|— KEK
“~ _'gl 10—7:._'—— PS191
. N = 1 | T
SBND simulation :
_8‘ NAG2
1077 — NuTev
] —— MicroBooNE
Mgy, = 200 MeV 1077 -+++ SBND vee 90% CL (Eff=20%) g
3 Timing cuts + 20% reconstruction efficiency
] SBND vn® 90% CL (Eff=20%) No background (best-case sensitivity)
1n-10 I I

. 1 1
© 0 50 100 150 200 25C
HNL Mass [MeV]

Current Status for HNL in SBND:

SBND simulation

e Three channels are under consideration
HNL — urn

Mgy = 340 MeV e ns-timing handle is used for HNL analysis

Hadroric neraction e With realistic background consideration, reconstruction effect,
and machine-learning based event selection

Sensitivity calculations will be out soon! Stay tuned!

SBND simulation
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Light Dark Matter and Milli-charged particle

Scattering/Decay

NC elastic scattering ~ Decay to dark photon, and
with e or nucleon - subsequently into an e'e’

(“dark trident”)

Both channels are being explored in SBND,

search for signature with EM showers without

hadronic activity

SBND event display showing a simulated light DM-electron scattering

event, where the reconstructed shower is depicted in the green cone

(M, =0.01 GeV, a,=0.5¢=103)

detector

target |
- T e e Slgna’
Millcharged particis (A==
........................... detector
) w R ______{4, ..................... .,,]—-— - - background
Signature in the SBND

e Milli-charged particle appears as blips or faint tracks
pointing back to the target

® This is under development in SBND to search for up
to 3 hits pointing back to the neutrino beam target

SBND event display showing a
simulated millicharged particle
Regular Muon

Millicharged (0.3e) Muon

SBND Simulation g3
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Dark Neutrino

The dark neutrino model is an alternative way to
explain MiniBooNE low energy anomaly

Decay J—
| Dark Neutrinos

® Dark neutrino decays
to a dark gauge boson
Z, which will further |

decays into di-leptons

Production

e+e- pair w/ or w/o
hadronic activity

® Dark neutrino is —
produced via v-nucleon
scattering in the neutrino
beam line
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explain MiniBooNE low energy anomaly

Decay

® Dark neutrino decays from 2017 to 2018
to a dark gauge boson
Z, which will further

decays into di-leptons CRT detector

Production

Short-lived dark neutrinos

® Dark neutrino is
produced via v-nucleon
scattering in the neutrino

beam line - - = =

scattering  decay

The dark neutrino model is an alternative way to

CRT Beam Telescope Data

e SBND installed the Beam
Telescope with the CRT
modules and collected data

® Di-lepton pairs from the dark
neutrino can be tagged by the

decay e~

SBND Pit
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Background Validation for Dark Neutrino

D ADOONI— i
E 40000 —SBND CRT -only Data

E- 35000 SBNP Wor}.< in Prégress
(&)

30000

Iinteraction 25000

20000

15000

10000

CRT Data 2017 - 2018 SBND Preliminary 150 2000

250- ' 125 05
2001 -.':% 100 ©
5 150 A TH ~
— . 75 J
£100- e —
> i 50 &

50' ]
25
O . | | II.‘- | . | | .
0 100 200 300 400 500 600 700 800 1o Deposited E [MeV]
Xnay [cm] . .
. " Simulation shows a good
Neutrino Beam Structure is observed from the CRT data agreement with the CRT data

This is an ongoing analysis, results will be out soon! Stay tuned!
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Summary

e Short Baseline Neutrino Detector (SBND) is in a unique position
to sub-GeV BSM physics:

- high BSM production rate due to the proximity to the neutrino [ Y -Gc_—_—"— st e
target e

- SBND-PRISM for systematic constrains and s/B optimisation
- ns-timing resolution provides a handle for low background

e SBND has a rich BSM program:

- Model-independent to maximise discovery potential, enabling
comparisons across experiments

- Model specific: HNL, Light Dark Matter, Dark v, Milli-charged
particle, QCD axion

VHCC candidate

e Data taking in SBND has started after many years of hard work!
The BSM sensitivity paper for SBND is in-progress

ICHEP | 18th July, 2024 26 Li Jiaoyang/Z* W ¥;



! 2)) Thank you very much! Dékuji mnohokrat!
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Stay tuned for SBND!






SBND Milestones

== 18th May, 2023, first
= Wall of CRT mstalled’

‘fﬁtt thl

Hf(//

6

”""' = 1st, December 2022, TPC ‘ ] | ' - t L_-_-_-_;;‘_;EJ I..... ””///;W/
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25th April, 2023
il / /

s TPC in Cryostat!
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SBND Milestones

1st December, 2023
cryogemcs mstallatlon done! |

July 19th, 2023 Cryostat
Weldmg done!

——— T ———— A — E
_._———-f

‘\\\\\\\\\\\ LA

\\ ALK

\\'\\\\\\\\
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SBND Milestones

North and East CRT
modules installed

April 2024

LAr filling completed
March 2024

Ramp up to nominal
TPCvoltage B

July 2024
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Liquid argon scintillation light

VUV Light pTP absorption &
____emission spectra
- Directly produced in LAr i N
volume j / \ \, | Absorption
—y | | \Emission
- Rayleigh scattering ‘ / |
length ~1m » ‘\/’ \[
- TPB & P-Terphenyl (pTP) °mm v m\\';"';:"‘::";
coating of PDS sensors e
Nuclear Science Symposium

(pp. 2228-2233), 2008

Visible Light

TPB emission spectra
- Re-emitted by TPB foils

in the cathode plane 7. = 778 amasr
§.' -
- Rayleigh scattering £ |
length ~20 m e o
Wavelangh [nm)
e - — Recombination Eur.Phys.J.C 82 (2022) 5, 442
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PDS: PhotoMultiplier Tubes

= 120 total 8 Hamamatsu R5912 PMTs

€ 96 TPB coated PMTs (VUV +visible
light)

€® 24 uncoated PMTs (visible only)
= 500 MHz CAEN readout.

- PMT system already tested and
characterized by CCM experiment

Uncoated PMT TPB-Coated PMTs

-> Used for trigger building.

Left & right: uncoated and coated PMTs installed in PDS Box
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PDS: X-ARAPUCAs

=> Newscalable technology under

I I
I I
I
| development. artic® :
| =>  Photons get trapped inside the 7 | Sentilation I
: module, increasing collection area. / Iight :
, Side SiPMs collect the photons. e |
| 350 e = |
| <  Cut-offs allow for light source —u |
Visible and VUV | discrimination (450nm filter lets g K ¥ wLs plate | I
X-ARAPUCAS | only visible light through) A |
Reflective surface
| , |
" BN | Nucl. Instrum. Meth. A, 985 (2021) |
: =  Important R&D for future :
SensL MICROFC-30050-SMT Eljen 286 SOP cosad | experiments (DUNE PDS is only |
| X-ARAPUCA based). |
RO a0 ST Eljen 280 450 nm cutoff 88 P '
60235/& Glass to power B. lgowu?::n’:ﬂ 6 .
: iiter
:&“0_& Glass to power G. 450 nm cutoff 5 o _{ WSL bar
6050-!48'(*;:&3,1’!906) . Jo”u;:tn’:n 2
BOSO-H';P(TI;:‘ a:.‘PDE) Glass to power G. 450 nm cutoff 2 S|PM bOardS
SBND X-ARAPAPUCA configurations Left: SBND X-ARAPUCA mechanical

scheme. Right: mounted module
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Light Dark Matter and Milli-charged particle

Production

[PRD 95, 035006 (2017)]

NEUTRAL MESON DECAY PROTON BREMSSTRAHLUNG

Sub-GeV Dark Matter can be produced from
neutral / charge meson decay and proton
Bremsstrahlung in the neutrino beam

detector

signal

..................................................... r
B I —— 0 #-J- — — - - background

Hypothesised particles with fractional electronic

charge, motivated by a cosmological anomaly
(EDGES)

Production

e Milli-charged particle is produced by neutral
meson decay in the neutrino beam
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https://link.aps.org/doi/10.1103/PhysRevD.95.035006

CRT hit reconstruction
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4+ NuPRISM

e Water Cherenkov detector moves through a [nuPRISM Collaboration], arXiv:1412.3086 [physics.ins-det]
cylindrical chamber

e 1 km downstream of the neutrino
target

x10"

g 3ob || 4.0°Off-axisFlux“§
z : %
e Scans upto 4 degrees from the neutrino ?};,& s ||
beam axis ;
05 1 s 2 2s 3 3%
VPRISM v, Flux <1012
%\ 4 § :‘ 2.5° Off-axis Flux
o : |
% 35 10000 .
S ;
Sk
@g 3 8000 ‘ii‘{”i)ﬁs“'i"T?’ 225 3 ’H
2.5 6000
§ 1.0° Off-axis Flux -
2 4000 ﬁ .
1.5 2000
1 E, (GeV)
0

E, (GeV)
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SBND PRISM

The Muon neutrino energy distributions are

Neutrino Fluxes in Off-Axis Angle (OAA) regions

Area Normalized

o axi OAA Range, # Events
Y —aXIS . —— [0.0°,0.2°), 154440

O
»

[0.2°,0.4°), 452330
[0.4°,0.6°), 723698
[0.6°,0.8°), 885002
[0.8°,1.0°), 869121
[1.0°,1.2°), 711423

aftected by the off-axis position

l_jl—l

[v, come predominantly from two-body decay].

L

vy CC Events / 6/6e20 POT
o
N

Larger off-axis angle » lower mean energy. ™ 1.2°,1.4),407277 | Muon neutrino
! [1.4°,1.6°), 231898
0.1
he Electron neutrino energy distributions also e 15 20 25 30
change, but they are less affected by off-axis position edirine Enersy [Ge\ﬁrea Normalived :;F?:X?S"re;;izt:;iStics inall
[Vve come from three-body decay]. W e s 'zoe
Muon and electron neutrino spectra change in a §°-°°4-* _ " [04e.06°), 5033
different way! 3 ton. — 105+ 107, 6568
O — [1.0°,1.2°), 5509
%0.002_ s ien 20m | Electron neutrino
g
Leveraging the different behaviour of muon and electron %0001
neutrinos in the OAA regions, we can improve sensitivity ]
for sterile neutrino searches. ! | | j | |

Neutrino Energy [GeV]
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EFFECT OF SBND-PRISM ON OSCILLATION ANALYSES

SBND-only - simplitied Oscillation Analysis (ve Appearance)

102 SBND Preliminary 102 SBND Preliminary
: N NN & ! : : rsd
AR - S SBND as a single detector vs SBND-PRISM £ 8 gg
/ \ ,, Treat SBND as eight "sub-
! detectors” at different off-axis
positions and include those in
10* 10* the SBN oscillation fit.
- Curves include neutrino 2
S S
= flux plus 2-to-200% =
10° systematics on total 10°
| Cross section. |
;. —— SBND | —— SBND - PRISM
6.6 x 102° POT - 6.6 x 102° POT
SBND-Only v, Apperance SBND-Only v, Apperance
10~ 1073 1072 10t 107 1073 1072 107!
sin?(20) sin?(20)

® Improvement in sensitivity by exploiting SBND-PRISM.

® Using the PRISM technique the neutrino interaction model is over-constrained, becoming ~ insensitive to cross section
model uncertainties above 20%. Robust against large cross-section uncertainties.

Study of the effect of SBND-PRISM on SBN Sterile neutrino oscillation sensitivities is ongoing.
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SBND-PRISM TO MITIGATE BACKGROUNDS

An example: electron neutrino measurements

Main background for electron neutrino:
NC 1 z0 events.

Off-Axis Distance [cm]
0 50 100 150 200 250 300

N
N
(&)

N
o
o

=
~
(9

66% decrease

-
N
wn

NC 1m0 Events / m~2/ 6.6 x 102° POT
5 tn
9 o

o
~
U

-

00 02 04 06 08 10 12 14 16
Off-Axis Angle [deq]

v — e Elastic Events / Effective Area

Another example: search for Light (sub-GeV) Dark Matter

Dark photons, produced by the decay of neutral
meson (pions, etas) in the target and decay into dark

Y
e //

\\<X matter.
AT 5 The dark matter, through the dark photon, scatter off
electrons in the detector.

Off-Axis Distance [cm]
0 50 100 150 200 250 300

ooozz| | 1T ¢ | o Signal: DM elastic scattering electron

events. DM comes from neutral

0.0020

Joo, (unfocused) mesons.

0.0018

0.0016

0.0014 1

decrease

®

1
—_—

00 02 04 06 08 1.0 12 14 16
Off-Axis Angle [deg]

Background: neutrino-electron

—elastic scattering. Neutrinos come

from two-body decays of charged
(focused) mesons.

SBND Simulation

Neutrino-electron elastic scattering event

SBND-PRISM provides a natural way to reduce backgrounds by looking off-axis.
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