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» Short Baseline Physics

» Detecting neutrinos with the SBND LArTPCs
* Cross Section measurements in SBND

e Current Status

* Conclusions
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by Sterile Neutrino Hints
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Global Fits
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Tension with experiments that observe no signal, especially recent
measurements by lceCube and MINOS + leads to significant
constraints on possible sterile neutrino parameters.

19/10/18

A. M. Szelc @ NuINT 2018, GSSI




paeBEy Enter SBN Programme at
Fermilab

A Proposal for a Three Detector Distance from Active LAr
Short-Baseline Neutrino Oscillation Program
in the Fermilab Booster Neutrino Beam Detector e TargEt o
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24 Full SBN running
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SBND - the near detector
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Booster Beam

The Short-Baseiine Near Detector (SBND), will be Tocated
closest to the source of neutrinos.

It will characterize the beam before oscillations occur and
address one of the dominant systematic uncertainties.

Planned start of operation 2020.
19/10/18 A. M. Szelc @ NuINT 2018, GSSI 7
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iZ8 SBND at a glance

112-ton (active volume) in two Liquid
Argon Time Projection Chambers.

q“{l m\j -
\%& il H;
i |}

Four Anode Plane Assemblies and
2 Cathode Plane Assemblies.

4x4x5m Active Volume.
Cold readout electronics.

Membrane Cryostat.

Cosmic Ray Tagger

191018 A.M. Szelc @ NuINT 2018, GSSI
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o Booster Neutrino Beamline
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at SBND

A well known and

understood system.

* Running stably
for +10 years

0.5% Vv,
contamination
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* The golden channel in the
SBN is v, appearance

(V=% %)

« Photon backgrounds make e : -
v.appearance a particularly | .The ‘Neutrino Event’

MNowv, 13, 1970 — World's first -

Cha"enging game, ' ohservation.of a neutringe in &

. il .[.wdrqg-nhubhl-:h:amb-:-_ 7 ke
« The LArTPC and its bubble s
chamber-like data gives us
strong background rejection
tools.

R ' ; i T

« But it is also an excellent
tool for precision cross-
section measurements.

v interaction

19/10/18 A. M. Szelc @ NuINT 2018, GSSI 11



Y
er

The Universit
of Manchest

MANCHESTER

M SBND cross-section physics

Charged Current
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SBND will see a huge event
rate.

Enables precision
measurements of neutrino
cross-sections and nuclear
effects.

Crucial for energy
reconstruction in oscillation
measurements.

A multitude of exclusive
channels

.\ o —=Tun 650,
* Event 29167
l‘ll._;}_ _4__,--!" :
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s SBND Cross-Sections
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chged . OSS- Sectlon measu rements
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o SBND event rates for rare
event searches

Charged Current

v,, Inclusive 5,389,168
— Om 3,814,198
— 0p 27,269
s 1p 1,261,730
— 2p 1,075,803
—>3p 1,449,394
— 1rt 4+ X 942 555
— 1 + X 38,012
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Two proton events
will no longer be
“rare” (as seen in
Raquel's talk).

v. large sample of
electron neutrinos.

significant number
of hyperons
produced.

Electron scattering

Neutral Current

Inclusive 2,170,990
— Om 1,595,488
— 1rt + X 231,741
—=2rt 4+ X 343,760
— e( ) 374
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measurements
also possible.
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Run 650,
- Event 29167
Induction
T View
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model searches.
- Sub-GeV dark matter (with proton beam dump)
- Hidden-sector particles
- Exotic signatures

1075 gy

1077

=
_H

Dark Matter Production i
- R gm-“’
DM Production " e MiniBooNE arXiv: 1702 .ff'/’hh's?-‘-._ X “1?
ki w"" x' 7 o
w0, n : p + D
X" p > 2 p
10719,

19/10/18 A. M. Szelc @ NuINT 2018

ol

10°2

, GSSI

——— LSND

Beyond SM Searches

« There is a rising interest in potential detection of unconventional neutrino-
sector and dark-sector physics signals in large-volume neutrino experiments

« The proximity to the beam target, large detector mass and relative detection
iIsotropy makes the LAr TPC SBN detectors well suited for beyond the standard

R.(;. Van de Water
Fermilab PAC 2018

===== GBMD Inalastic m" —— RAelic Density

MiniBooME
— Diract Detoction

SBND NGE Eleciron

E137
BaBar

- K=t #invisible y=3m,
—— ElecironMuon g-2 ap=0.5
— i isinvizible

1077
m(GeV)

Direct
detection
limits
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Zm Removing Cosmic Backgrounds
with Machine Learning

Liquid argon detectors provide image-like quality event displays.

Can use tools for “image-recognition” to remove cosmic ray background events.

Crucial tool in identifying neutrino interactions.

Using Multiplane URes-Net

No PMT or CRT
~ information included yet

19/10/18 A. M. Szelc @ N , 17
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Building

© Steinkamp Photography 05.23.17
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* Building is ready and first detector components
are being installed.

19/10/18 A. M. Szelc @ NuINT 2018, GSSI
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 Cosmic Ray Tagger will
ensure cosmic and dirst
packground suppression.

* First modules already at
—ermilab and taking data.

SEMD Upsiream BMNB, Sosmics subiraniod

: BNB bucket
Beam fine structure structure

Beam Centre
where expected

g 8 8 8 B 8 8 8

Cosmic Rays
19/10/18 A. M. Szelc @ NuINT 2018, GSSI 19



ty
er

The Universi

of Manchest

MANCHESTER SBND Status:
APA, CPA & Fieldcage

1824

* Two Anode Plane
Assemblies have
been finalized and
shipped to Fermilab.

In Fermilab.

e ;
G il
| | j
AT L e
L] 1
hi e .
%

& g

* Field cage has been ‘“
assembled and is
ready to ship.

FleIdCage

19/10/18 A. M. Szelc @ NuINT 2018, GSSI
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MANCHESTER SBND Status:

1824

2% Assembly & Constructlon W
22

* Assembly Site in the DAB building is ready.

* First order is testing APA alignment with mock-
frames.

* The whole fieldcage will be assembled at DAB
and transported to the detector building once the
cryostat is ready.

19/10/18 A. M. Szelc @ NuINT 2018, GSSI
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s Scintillation Light Detection In
SBND

* Important R&D aspect —
intillation _——
« Scintillation light R — T
applications: N ar g E;-;,
R . Q’-T"... h'.‘”".
—trigger, t TRV P LT LGk
— background rejection 0,0 Dt Zoe T
— calorimetry, particle 1D SLF R i"::: Ei":
..h ' :l L‘F" L" “...-
« Mounted on anode planes: e:P“I’”I*:-;; 5:.: §ar,
. . ’ '! i1 i 1 L".- & "..-
_PhotoMgItlpller Tubes WL r-’i\t':" 5T
— Waveguide bars ey gt | P Pt
— ARAPUCA light traps 8 S e T

e Mounted on cathode
planes:

— WLS covered reflector foils

19/10/18 A. M. Szelc @ NuINT 2018, GSSI 22
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24 Light Collectors

20

o .

. < Primary

Sc System:

vS 8" PMTs read
=5 \“ out at 2ns

Sandblasted
and coated with
TPB to enable
VUV light
detection.

Arapucas
[ SIPM |

= ¥

S,,L,nm
5, L,nm

Secondary System(s):
- Dip-coated light guide bars

(1]
=
i=]
-
@
=
7]
=
.4
i
=
firs

Filter is transparent

- ARAPUCA light traps

A. A Machado and E.

Segreto, JINST 11 2016
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Y
er

The Universit
of Manchest

s s Boosting Light Collection

« Adding wavelength-shifting surface at the o
cathode recovers a large fraction of light 2 150 .
that would normally be lost. 3 100 i
« The SBND LDS enables new applications 500 H t : Lhiy PR 9! i i i
of argon scintillation light — calorimetry, E ok t : [, ! [t
timing, drift position reconstruction. E t] f 11 }
_ Sk I
« Enhancement expected especially at low e p i i A ﬁ i
energies. TR s tig, ;s
205— i i

1 1 1 1 1 1 1 1 1 | | I - | | I — | L1 | L1l | L1
0 20 40 60 80 100 120 140 160 180 200 220
distance to photocathode plane [cm]
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196 Total Collaborators
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36 Institutions

23 US Institutions
5 DOE national laboratories
18 US universities
University of Puerto Rico
13 International Institutions
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6 UK universities
1 Swiss university
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Summary

 SBND construction is well on its way and the
detector will come online in early 2020.

* As the SBN near detector it plays a key role In

enabling the full scale SBN osclillation analysis.

* But more importantly it will provide a wealth of
Cross-section data on argon.

e Stay tuned!

19/10/18 A. M. Szelc @ NuINT 2018, GSSI

27



MANCHESTER
1824

ty
er

of Manchest

wn
o
v
2
-
-
v
1w
|_

19/10/18 A. M. Szelc @ NuINT 2018, GSSI




Physics reach

Constraints on the flux
and cross-sections from the
near detector lead to a
powerful combined
exclusion region.

LSND parameter space
excluded at 5o.

In addition, SBN can also
perform v, disappearance
searches. Would confirm an
oscillation interpretation of
any observed v_appearance

signal.

v, — v, appea
[ snD s0%
[ LsnD sge
10 [T alob
- ] ailob
y —
g ,‘:— + Glol
—— SBN
m +
— 1 | _?_ ==== SH
1i O4 — ies assum e
- otons on t and -
- otons on t: oNE
- S. Gariazz '03.00 [ ]
Ll ll Ll l LLL I
_4 -3 2 -1
10 10 10 10 1
i 2
sin“20,,

Am? (eV?)

105—

1 0_1 —— SBN sensitivities assume exposures of
—  6.60%10 protons on target in ICARUS and SBND
20

10°%

sin®26,,,
Fit from S. Gariazzo et
al., arXiv:1703.00860
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Electron-y separation in LAr

ArgoNeuT Data
' Photon Candidate

ArgoNeuT Data

: — Simulated Electron Candidates
e ...................... J— Simulated Gammas
¢ ¢ Electrons, Data
JUU U O ..................... + + PthUHS, Data

Double handle:
topology and dE/dx

Area Normalized

L gt
P> 53 |-
0 1 2 3 4 5 6 7 8 E i
dE/dx [MeV/cm] ”
o)
B3
The LArTPC is an excellent £
tool for electron/photon °

separation : " Wire Number

o — e




gaascoa  Neutrino Interactions In
LArTPCs
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Run 650, Event
29167 Induction
View

Yy interactions

100 120 140 160 180 200 220
Ingwction Plarne Wire
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