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Why a Short-Baseline Neutrino Program is needed?

e Interpreted as oscillations involving sterile neutrinos with Am? ~ 1eV? and
an L/E ~ 1km/GeV
e New experimental efforts are needed to eventually solve the puzzle

| Experiment | Type | Channel | Significance |
B == LSND DAR Yy = Ve cC 3.80
2 e i MiniBooNE SBL accelerator v, =+ v, CC 340
= [ csno oo MiniBooNE | SBL accelerator | B, — i, CC 2.80
10 D LSND 99% _GM_J_I__,E)_@_{SAGE'} Source - e capture | v, disappearance 280
: [ ] clobarzot710 Reactors Beta-decay P, disappearance 30 |
B - Global 2017 20 K. N Abazajion et al. "Light Sterile Neutrinos: A Whitepaper”, arXiv-1204.5379 [hep-ph], {2012}
~~~ B
N> = - Global 2017 30
3 1 +  Global 2017 best fit
N =
g - Radioactive neutrino sources Ve [T dis, 100s of keV, 105 of em
B MNuclear reactor antineutrinos 7. dis. < 10 MeV, < 20 m
3 Stopped m beams Py — Pe ~ 30 MeV, 30 m
10 '
- Stopped K beams y — Uy 235.5 MeV, 160 m
[ Global 2017: S. Gariazzo et al., arXiv:1703.00860 [hep-ph] Decay in flight n/K beams Uy = Ve By — D 500 MeV — 2 GeV
1 EEEET| ! Lol 1 Lol 1 L1111 I"If-'ln'fl"_l-r-‘.:]'is'’:"IIE'-'IlIi'j"'":.Iiﬁ" lﬂﬂm—ﬂ!ﬂ’lﬂm
107 1 0_3 i = 107" 1 Atmospheric neutrinos v 75 dis < 20 GeV, 15 — 130 km
B T T 100 Gl — 400 TeV, < L3 x 10* km
. 2 o
Sin 29”6 Cosmology indirect N, m,,




Short Baseline Neutrino (SBN) program at Fermilab

[
Booster Neutrino Beam (BNB) at Fermilab.

WILSON HALL

Three liquid argon time projection chamber (LArTPC) detectors in the

A Proposal for a Three Detector
Short-Baseline Neutrino Oscillation Program
in the Fermilab Booster Neutrino Beam
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Search for sterile neutrinos: v, » Vv, appearance
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o of the same technology reduces both statistical
SBND and systematic uncertainties
e SBN detectors enable 50 coverage the 99% C.L.
3 allowed region of the LSND signal and global
best fit values
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Search for sterile neutrinos: v, disappearance
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v-Ar cross section studies

v oscillation experiments require precise

understanding of v-Ar interaction cross

section for a correct interpretation of the
experimental outcome

The only existing published GeV v-Ar data
is ~6000 events from ArgoNeuT

SBN will provide huge data sets of v - Ar

interactions from BNB and off-axis NuM|
o Large samples in MicroBooNE are already
under analysis
m 140k v, CC, 55k v, NCBNB neutrinos
m ~100k off-axis NuMI events
o SBND will record 1.5 million v, CCand
~12k v, CCinteractions per year
o ~100k NuMI off-axis events in T600 per
year

5 Phvs. Rev. D 90. 012008 (2014)

MicroBooNE public
note-1010

Run 5412 Event 801, March 13th, 2016




SBN experimental setup

ICARUS MicroBooNE
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LArTPC

e LArTPC e LArTPC °

e 600 m from v production e 470 m from v production e 110 m from v production

e 476 ton active volume e 85 ton active volume e 112 ton active volume

e 4x1.5 m drift length e 2.56 mdrift length e 2x2.0 m drift length

e 75kV high voltage e 128 kV high voltage e 100 kV high voltage

e 095 ms drift time at e 1.6 ms drift time at 500V/cm e 128 ms drift time at
500V/cm e 3 wire planes: 0, ¥60 deg, 500V/cm

e 3 wire planes: horizontal, 3mm wire pitch, 8256 wires e 3 wire planes: 0, ¥60 deg,
30 deg, 3mm wire pitch, e (Cold analog/warm digital 3mm wire pitch, 11264 wires
53246 wires electronics e (Cold analog and digital

e Warm analog and digital e 328"PMTs electronics
electronics e 120 8" PMTs && scin. bars

e 3608"PMTs

INSTALLATION RUNNING UNDER CONSTRUCTION



Short Baseline Near Detector - SBND

@ Steinkamp Photograpiy 052217 iH

e Near detector at SBN with main goals
o Detailed characterization of beam before
oscillation
o Reduction of the dominant systematics
o Cross section studies with 1.5 million v"CC and
12k v_CCinteractions per year
o Detector R&D for DUNE far detector

e Detector design has been finalized.
e S Components are under construction
e Detector building is ready at Fermilab
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SBND detector

Completely new detector incorporated experience
from ICARUS and MicroBooNE
LArTPC with 112 ton active volume
Synergies Wi;ch DUNE for future large LArTPCs
~ HV feedthrough

SBND TPC
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Vi
More details in the talk by Diego.G. Gamez, “The Short Base//ne Neutrino

Detector at Fermilab”, later in this session
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The MicroBooNE experiment

POT

e Installation completed in 2015 R >
e Collection date since October 2015 at profection chamber nsi

vessel, prepares for move

£/

BNB line at Fermilab with main goals to
o Address the MiniBooNE low energy

access
o Neutrino -- Argon cross section
measurements

o R&D for future LArTPCs
e ~97% uptime during stable operations
and so far collected >6.1 x 10%° POT
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Ongoing efforts and publications uBooNE _

e MicroBooNE is doing groundwork for LArTPC Selected, Well Reconstructed Tracks from v,CC Data
calibration, simulation, reconstruction and ] s
analysis for future detectors. - 0

o Publications: = 150

125

m  Convolutional Neural Networks Applied to Neutrino
Events in a Liquid Argon Time Projection Chamber;
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Detector; arXiv:1612.05824 L T
m Determination of muon momentum in the
MicroBooNE LArTPC using an improved model of
multiple Coulomb scattering; arXiv:1703.06187 .
m  Michel Electron Reconstruction Using Cosmic-Ray £ T DATA
Data from the MicroBooNE LArTPC; : s simulation
arXiv:1704.02927 [ (|
m Noise Characterization and Filtering in the N TR _
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session on Thursday



The ICARUS experiment

Far detector in the SBN program

It was operational in LNGS from 2010-2013
Then refurbished at CERN

Currently two TPC are on their way to Fermilab

o Follow from

Canada Hudson Bay
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http://icarustrip.fnal.gov/

Status of the ICARUS experiment

e Detector hall installation has been finalized
e Warm vessel installation has started at Fermilab
e In early September, cold vessel is going the be installed into the warm

vessel.
e Commissioning in the second half of 2018
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e More details in the talk by Filippo Varanini, “The ICARUS Experiment”, later in
this session



Conclusions

e SBN program consists of three LArTPCs that will sit in the Fermilab BNB

beam and will
o study the baseline dependence of the low energy event excess and cover the full LSND

allowed parameter space with 50
o make a high precision measurement on nu-Ar cross sections
o develop LArTPC technology for future large neutrino experiments like DUNE

e Alot of progress has been achieved in the program
o MicroBooNE is running well, has already collected >6.1x102%° pot from BNB, doing the
groundwork for LArTPCs and working on it's first physics results.
o SBND is making excellent technical progress on prototyping and construction of the

detector pieces.
o ICARUS detector is on its way to Fermilab and will arrive in July.

e Stay tuned for three detector run and physics results
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SBN schedule

TPC Design and Fabrication / PMT Procurement TPC Assembly

e —

SBND TPC Electronics Design, Fabrication, Delivery

Cryostat and Cryogenics Design, Fabrication, Delivery Detector Installation
— e ' LAr
Building Construction Cryo Installation Cryo install. Comm

MicroBoaNE Operate

Cold Readout
ICARUS TPC 1 & Cold Vessel TPC2 Vessel Electronics

L —

Cryogenics Design, Fabrication, Delivery

Warm Vessel Design & Fabric. | Cryogenics

Building Construction
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