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* The Long-Baseline Neutrino Experiment (LBNE)
and Physics

 LBNE Low-Energy Neutrino Physics
 LBNE Medium-Energy Neutrino Physics

* The Cryogenic Apparatus for Precision Tests of
Argon Interactions with Neutrinos (CAPTAIN)
Experiment

* Neutron Running with CAPTAIN
* Neutrino Running with CAPTAIN
e Summary
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e Intense neutrino beam at Fermilab

* Near detector systems at Fermilab

« 34 kt liquid argon time-projection chamber (TPC) at
Sanford Laboratory at 4850 foot depth — 1300 km from

Fermilab




- Detailed studies of neutrino oscillations to determine the neutrino mass hierarchy,
explore CP violation, search for NSI and test the three-flavor paradigm

* Neutrinos from supernova bursts
» Searches for baryon number violation
« Many others, see arXiv:1307.7335 — LBNE whitepaper
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» Galactic supernova will produce > 2000 events in the LBNE far detector

 Argon has a large CC electron neutrino cross-section — complementarity
with large water detectors

« Large NC cross-section recently identified with ~ 10 MeV gamma-ray
e Supernova environment — neutrino-neutrino scattering is important
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Number of events per 0.5 MeV

Number of events per 0.5 MeV
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Left: Event rates for a 100kt water Cherenkov detector
(upper) and 17kt (sorry) liquid argon TPC (lower)
(model from Duan and Friedland: Phys. Rev. Lett.,

106:091101, 2011)

Upper: Average electron neutrino energy as a function
of time for different mass hierarchy assumptions with
34 kt (model from Keil, Raffelt, and Janka: Astrophys.

J., 590:971-991, 2003)



« Cosmogenic spallation backgrounds not well constrained
— Spallation of argon from muon-argon photo-nuclear interactions
— Muon-produced high energy neutrons — subsequent neutron spallation of argon
— Muon-produced charged pions — subsequent spallation of argon
» Cross-sections have never been measured
— Absolute cross-sections uncertain
— Visible energy vs. neutrino energy
* Low energy is challenging for the TPC
— Relatively poor energy resolution for the TPC at low energies
— Trigger efficiency not well understood
« Use photon detection system to trigger and improve energy resolution

« Alot of light, but complicated structure

— Scintillation and Cherenkov radiation — 5 times more scintillation light
» 23% of the scintillation light is prompt (~6ns)
* 77% of the light is late (~1.6 usec).

— Prompt yield 33,000 128nm photons per MeV for a MIP
— Scattering length is ~95 cm

 Anisotropic distribution of photon detectors ina TPC



LBNE does long-baseline physics in resonance regime (1%t Oscillation Maximum at
~2.4 GeV) and resonance/DIS cross-over regime

Atmospheric neutrinos are measured in the same neutrino energy regime

Neutrino oscillation phenomena depend on mixing angles, masses, matter densities,
distance from production to measurement point, neutrino flavor and neutrino energy

Critical to understand the correlation between true and reconstructed neutrino
energy
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CAPTAIN: Cryogenic Apparatus for Precision Tests of Argon Interactions with Neutrinos
Liquid argon TPC

— 5instrumented tons
— hexagonal TPC with vertical drift, apothem is 1 m ) WORK DECK

— 2000 channels, 3mm pitch

— cryostat 7700 liter capacity, evacuable, portable
— all cryogenic connections made through top head
— indium seal — can be opened and closed

— Brookhaven National Laboratory-designed cold - ; S
front-end electronics L

L
— Nevis-designed MicroBooNE back-end electronics ] )
— photon detection system and laser calibration system : i

TOP HEAD

— design based on ICARUS, Fermilab, BNL, UCLA ASSENBLY I "
experiences — not reinventing the wheel B i

Focus on quickly building a detector useable for
physics studies

Designed to operate safely at multiple facilities ——
— compliant with standard pressure safety regulations .
— compliant with electrical safety practices LIQUID ARGON VOLUME

Being constructed with internal Los Alamos VACUUM JACKET

National Laboratory funds (Laboratory Directed
Research and Development)



« Laser calibration system
to study ionization and
recombination in liquid
argon TPCs

o Test-bed for LBNE
design:
— measure the drift field
— measure the electron

lifetime in-situ
e Quantel 'Brilliant b™
Nd-YAG laser o Acntical s
— 266nm (4.66 eV), 90mJ - 2 set15cm
— need 3 photons to ionize from anode
liquid argon - 2set15cm

from cathode gl

J. Sun et al. Nucl. Instr. Meth. A 370 (1996) 372
B. Rossi et al. JINST4(2009)P07011




* 16 Hamamatsu R8520-500 PMTs
— 1-inch square
— 25% QE at LAr temperature
« Have DAQ from MiniCLEAN/DEAP
program
« Current plan: put wavelength shifter on a
thin acrylic slide in front of each PMT
« Goals:
— Trigger on non-beam events

— Evaluation of timing to improve
reconstruction

— Investigate alternative Photon Detection
System schemes

— Provide time-of-flight for neutron running




« Low-energy neutrino physics related

Neutron Beam
Low-Energy Neutrino Beam
Medium-Energy Neutrino Beam

Measure neutron production of spallation products
Benchmark simulations of spallation production

Measure the neutrino CC and NC cross-sections on argon in the same energy
regime as supernova neutrinos

Measure the correlation between true neutrino energy and visible energy for
events of supernova-neutrino energies

« Medium-energy neutrino physics related

Measure higher-energy neutron-induced processes that could be backgrounds
to v, appearance e.g. “°Ar(n,m0)*°Ar)

Measure neutron interactions and event signatures (e.g. pion production) to
allow us to constrain number and energy of emitted neutrons in neutrino
interactions

Measure inclusive and exclusive channels neutrino CC and NC cross-
sections/event rates in a neutrino beam of appropriate energy

Test methodologies of total neutrino energy reconstruction with neutron
reconstruction



» Los Alamos Neutron Science
Center WNR facility provides a
high flux neutron beam with a
broad energy spectrum similar to
the cosmic-ray spectrum at high
altitude

- Time structure of the beam

- sub-nanosecond micro pulses 1.8
microseconds apart within a 625 s
long macro pulse

- Repetition rate: 40 Hz
25 ms

625 us
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* Anticipate two run
conditions:
— High-intensity (normal)
where we expose our
detector to a high flux, close

the shutter, identify
produced spallation events

— Lowe-intensity where we get
one neutron event per
macropulse

« Granted two low-intensity
run period this run cycle to
do engineering studies this
calendar year

« Anticipate full CAPTAIN
run in CY 2014 cycle

TPC
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« Electronics and DAQ
« LAr purification system
« LAr cryogenic system




Spallation Neutron Source at Oak Ridge National Laboratory

1 GeV protons impinge on a mercury target to produce neutrons — also
many pions
High-Z environment, so only ©* remain, t*t—>u* + v, p*—>€*+V, + v,
— excellent absolute flux knowledge
— supreme spectral understanding
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* Running could be done in the existing hall — need shielding, simulations underway
* Running at 30m from the target would yield thousands of events per year in CAPTAIN
* Results:

CC and NC cross-section to 50 MeV

Visible energy vs. neutrino energy correlation matrix
Explore interplay of PDS and tracking
Impact LBNE design
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Booster Neutrino Beamline
w8 / LBNE Beam

NuMI Medium Energy Tune — on-axis
0.06 Shery

Fermilab NuMI beamline — will
m run in medium energy tune to
support the Nova Experiment

] Complementary neutrino energy
regime to MicroBooNE
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« 400,000 contained events per year (containing all but lepton)
— employment of methods for neutron energy reconstruction
— detailed exploration of threshold region for multi-pion production, kaon production
— high-statistics data for algorithm development required for LBNE

— early development of multi-interaction challenge — must solve if wish to usefully employ
a near liquid argon TPC




 Front-end electronics in-hand, stuffed, tested

« Back-end electronics testing beginning next month
 Prototype cryostat already ready (on loan from UCLA)
« Full CAPTAIN Cryostat delivery in 6 weeks

« TPC Assembly underway

 Photon detection system acquired — undergoing testing

 Laser system acquired, tested, safety interlock system
under assembly



« We are actively seeking collaborators
— Welcome to participate in assembly, commissioning, running
— Much simulation work needed as well

— Additions/changes to PDS encouraged

— Nice fit for people considering LBNE as part of their future
research plans

* Funding
— Currently funded with LANL internal
— University of California institutions have some seed funding

— On-going discussions with U.S. Department of Energy (Office of
High Energy Physics)
— Anticipate DOE proposal by March, 2014



The CAPTAIN Detector and Physics Program

September 6, 2013

H. Berns?, H. Chen®, D. Cline®, J. Danielson'?, Z. Djurcic?, S. Elliott'?, G. Garvey'®, V.
Gehman®, C. Grant?*, E. Guardincerri'®, R. Kadel®, T. Kutter!!, D. Lee!®, K. Lee®, Q. Liu'?,
W. Louis!®, C. Mauger'®, C. McGrew'?, R. McTaggart'?, J. Medina'®, W. Metealf'!, G.
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J. Ramsey!?, K. Rielage!®, H. Sahoo?, C. Sinnis'®, M. Smy®, W. Sondheim!?, I. Stancu!, R.
Svoboda?, M. Szydagis?, C. Taylor'®, A. Teymourian®, C. Thorn?, C. Tull?, M. Tzanov'!, R.
Van de Water'®, H. Wang®, C. Yanagisawa'?, A. Yarritu'’, C. Zhang"

Whitepaper developed for Snowmass process now on the arXiv: 1309.1740



The CAPTAIN Detector is a liquid argon time-projection chamber
with 5 instrumented tons being constructed at Los Alamos National
Laboratory

CAPTAIN is designed to address scientific questions of importance
to two major LBNE missions: low-energy (supernova) neutrinos
and medium-energy (long-baseline, atmospheric) neutrinos

CAPTAIN will address the scientific issues with neutron beam
running and neutrino running

CAPTAIN will be a test-bed for LBNE laser calibration design
activities
CAPTAIN will be available for LBNE R&D activities

CAPTAIN welcomes new collaborators (contact Christopher
Mauger: cmauger@Ilanl.gov)

arXiv:1309.1740



