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CAPTAIN Physics Program

 CAPTAIN is a 1m-long drift liquid Argon TPC (LArTPC) designed to make measurements
relevant for the DUNE experiment

* Medium-energy neutrino physics ~100 MeV to 5 GeV~ (Neutron Beam):

* Measure neutron interactions and event signatures (e.g. pion production) to allow us to
constrain number and energy of emitted neutrons in neutrino interactions (at DUNE,
mean neutron K.E. from the LBNF beam ~ 400 MeV)

* Measure higher-energy neutron-induced processes that could be backgrounds to ve
appearance e.g. 40Ar(n,mo)40Ar(*)

e [ ow-energy neutrino physics ~below 100 MeV~ (Neutrino Beam):

* 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
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Energy reconstruction in
DUNE
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e Neutrons carry considerable energy that escapes

detection.

 Models used to estimate missing energy, including
neutrons, have large unconstrained uncertainties.

e Different amount of energy carried by neutrinos and

antineutrinos.

e Neutron-Argon cross section data is only published
up to 50 MeV of kinetic energy.
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CAPTAIN detector

e Cryostat
e Capacity: 10 tons
e TPC

e Hexagonal prism with 1m
vertical drift, 1m apothem, 2000
channels, 3mm pitch, 5
Instrumented tons

e Photon detection system
e | aser calibration system

e Same cold electronics and
electronics chain as MicroBooNE
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* 400 kg instrumented hexagonal TPC with 32 cm drift, 50
cm apothem

e ~1000 channels, 3 mm wire pitch

e 24 X6 CcmM2

e 21 in actual operation

e Same cold

MicroBooNE
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Neutron beam at LANSCE

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.

Nominal time structure of the beam: micro pulses 1.8 ps
apart within a 625 ps long macro pulse.

Most users of these facilities want more neutrons, but
we wanted fewer.

CAPTAIN special run of 3 micro pulses 200 ys apart per
macro pulse.

Shutter to control flux to detector allowed us to further
control intensity.

~8.3 ms
< >
625 ps
<+
I
/
200 ps Beam structure

Jorge Chaves

10

GEANIE FPS

ICE House

4FPOOL

1.00e-02

1.00e-03 4

1.00e-04

Cosmic-ray flux

v

1.00€-05

1.00€-08

WNR flux

1.00e-07

10 100

Neutron Energy (MeV)

1000



C.Mauger @ CIPANP 2018
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Detector coordinates

Y

Wires on X plane
perpendicular to X axis

U and V wire plane
+60° wrt X plane
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Triggering Mini-CAPTAIN

 Beam facility provides an RF signal for every micro pulse that is then
distributed to TPC and PDS.

e TPC takes data for 5 ms when the first RF from a macro pulse is
received.

* 1 ms of buffered pretrigger data.
e ~3.5 ms of no-beam data. Cosmics collected during this time.

e All 3 micro pulses of a macro pulse fall within the same TPC acquisition
window.

 PDS receives the RF signal independently and needs to be synced with
TPC.
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Tracks from 2017 run

Event 12102.3: Uncalibrated ADC value X wires T Tooewmos
- 4000.0 e - 6000.0 e
QLJ N D 6000.0 e - 8000.0
e — - - |:| 8000.0 e - 10000.0 &
ggooo :_Prellmlnary -10000.09-13000.09
Z : . - 13000.0 e - 16000.0 e
28000 - cosmic — -
(EU E - [ 250000 ¢ - 320000
o 7000 — Bl —
6000 —
5000 — ST oTTEEEEEEEmEmmmmEEmEmmmmEEEEEEEEEEEEEES
4000 T Beam Region
- proton candidate
3000 = _ I M O O o e e o e e e e ettt m i m e
2000 —
1000 —
O : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0 50 100 150 200 250 300

X Wire
Neutron event from low intensity run

e Full TPC and PDS used in the 2017 Physics Run : July 23 — Aug 05
e Special low intensity run taken on July 31st.
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Tracks in Mini-CAPTAIN

e Two-dimensional
projection of the detector.

* Low intensity beam with
~1 neutron every 6 micro
pulses.

* Detector is slightly
rotated with respect to
beam line.

e Plenty of cosmics and
perhaps secondary
iInteractions.
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Photon triggers on PDS

Run 07-31-1555 0 Event 16
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e Triggering event during our low intensity run
* Each line corresponds to a single PMT
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Jorge Chaves N

16 v Y



Outline

e |[ntroduction and motivation
e Experimental setup
e Analysis strategy

e Status and future plans

Jorge Chaves -



Neutron cross section on
LAr data available

Col U L I:
’ - (n, 2n) _
= , elasti B : =
3 F s elastic) (n, n'y) Data in BLACK =
S 7
5}3 10! (n, 3n) —§
§ 2 [ En,d)) Low-energy ENDF -
- -~ (n, n . —=
19 i tabulations on left & -
(n, na) _
10—3 PR S T TR SN T SR NN SR TR SRS SO (N SN NN SN SN AN SN SN S S N T S S
25 30 35 40 45 50
Energy (MeV)
e Data is sparse at DUNE energies and existing data is from R.R.
Winters et al., Phys. Rev. C43, 492 (1991) - www.nndc.bnl.gov
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http://www.nndc.bnl.gov

Measuring the neutron

Cross section

e First result absolute inclusive cross section,
followed by differential exclusive cross
sections.

e Survival probability of neutrons decreases
exponentially as a function of depth in
detector and only depends on cross
section and target density.

e Fit an exponential to the starting positions
of the tracks and you get the cross section.

 Data binned in energy bins where cross
section doesn’t change as much.
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MC simulation

e A large sample of protons was
simulated over a broad range of track
lengths.

* Actual track length distribution in
data is not known a priori.

e Use this simulation to study
reconstruction efficiency.

e Top: Reconstructed track length of
simulated protons.

e Bottom: Starting x position of
reconstructed tracks.
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Fiducial volume and quality cuts

* We are considering only using the
downstream of the detector to avoid
the wire inefficient seen upstream.

e Further studies are under way to
understand the effect of this
inefficiency.

* Very short tracks are not
reconstructed by our algorithm.

o (Cut tracks shorter than 35 mm.

e No tracks below 60 MeV.

e Track reconstruction with in-house
algorithm. Not using Larsoft.
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Data/MC overlay

CAPTAIN Prellmlnary

e Simulation overlaid on top of
data.

* TJop: Different distributions
by design.

e Reconstruction features in
data are seen in MC too.

e Studies of reconstruction in
simulation can be
extrapolated to the data.
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MC re- welght

e Simulated proton tracks are
re-weighted by the track
length spectrum taken from
data.

* Plots showing track x position
after re-weight is applied.

 Bottom: Restricted range of
downstream detector.

* Reasonable agreement
between data and MC.
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Neutron kinetic energy

e The photon detection system provides an independent
measure of the neutron kinetic energy based on time-
of-flight measurements.

e TPC and PDS data stored in separate streams and
have been matched.

e [For every reconstructed track we can assign a kinetic
energy for the neutron that created it.

e The exponential fits to extract the cross section can
then be done as function of the neutron kinetic energy.

Jorge Chaves
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TPC/PDS matching

e Beam structure of 3 micro pulses within the TPC

acquisition window.
120

e Neutrons appear to arrive much later with respect to

first trigger. 100

e |nformation from the PDS can help correct the timing 80

of the tracks.
60

e Currently the efficiency to correctly match tracks to
PDS events is > 95%. 40

e Working on understanding the correct neutron 20

energy assignment based on TOF. )

* |f energy assignment efficiency is on par with the
matching, we expect a very small systematic from this.
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Present status: Neutron
measurements with Mini-CAPTAIN

e Understanding high-energy neutron interactions in a LAr-
TPC is an obvious goal of Mini-CAPTAIN

e Physics analysis ongoing with neutron data taken at
WNR last summer

e Absolute cross section result coming soon. Stay tuned.

e Differential cross sections to follow by implementing
particle identification.

e Propagate the results and compare with current models.

Jorge Chaves .



Looking to the future: Neutrino
cross sections with CAPTAIN

 An important goal of DUNE is to be able to detect supernova neutrinos.
 \We need to understand what the detector response/efficiency should be.

e CAPTAIN is a fairly sized LArTPC that can provide some insight into these
requirements before DUNE is built

e Possibly deployed at the Spallation Neutron Source (SNS) at Oak Ridge.

e |n addition, the CC/NC cross sections of low energy neutrinos have not
been measured in Argon.

e CAPTAIN detector can serve as a testbed for some of the technology
needed for a large TPC, but it is also more flexible when it comes to where it
can be located.

Jorge Chaves -



Summary

* Understanding neutron interactions with Argon is crucial for an
accurate reconstruction of neutrino energy.

e Specially important for the measurements that DUNE wants to do.

* MiniCAPTAIN physics run last summer was a success and a neutron
cross section measurement is in the works.

e The CAPTAIN run plan includes improved and additional
measurements:

* Low energy neutrino cross sections

* There are opportunities with CAPTAIN for new collaborators!
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CAPTAIN collaboratlon

* Picture from the physics run this summer in front of MiniCAPTAIN in
the WNR flight path at LANSCE.
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Neutron Cross-Sections on Argon

R.R. Winters et al., Phys Rev C 43,492 (1991) — nndc.bnl.gov
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First signals in mmiCAPTAIN

Laser Track from MiniCAPTAIN (2015/8/3) Event 4430.43: Calibrated charge on V wires
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Results from 2016 Engineering Run
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MiniCAPTAIN assembly
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Photon Detection System

e Goals of CAPTAIN PDS:
e Triggering of non-beam events

e Evaluation of photon timing from prompt
Argon scintillation signal to improve event
reconstruction

e Complement TPC to improve the energy
resolution measurements

e Time of flight for neutron run
* Baseline PDS will provide:

* 11 pe/MeV in Mini-CAPTAIN

e 2.2 pe/MeV in CAPTAIN —
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Mini-CAPTAIN
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Photon detectors and
electronics

e Hamamatsu R8520-506 MOD
e 1” square

e 25% QE at LAr temperature,
special Bialkali LT

o 24 PMTs installed in Mini-CAPTAIN

e Digitizer:
e Three CAEN V1720

e Eight channels each, 250
MSamples

e 12-bit digitizer across 2 Vpp
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Physics run at WNR

e Significant improvement in LAr purification
system before the 2017 Physics Run

* Criotec liquid purification (similar to that
used on ARGONTUBE arXiv:1304.6961)

* Recirculation system designed by UCLA,
LANL and Penn.

* Thin Stilbene scintillator implemented as a
neutron flux monitor (cross-calibrated with
the fission chamber)
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Photon counts from stilbene

TOF Distribution for Stilbene
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* Photons seen by stilbene detector
* Clear gamma and neutron peaks
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Flux

detector
data

Very
preliminary
results
integrated
over low and
high intensity
running
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TOF Time Distribution for Fission Chamber

1ol_lission

[ Entres 30032
10° = M Mean -384.6
= — Std Dev 2255
: ( — H
10° = -
s Fission Chamber
r 4
10 = .l [
; / Preliminary
= l l | P | L e ]
420 400 380 380 340
Dead Time Corrected Stilbene
6o 10" lof_stibene
| Entnes £ 86308504008
| Maan -205.9
qn: | Sad Dewv ) 2418
4|:|E
} Stilbene Detector
a0
20 ..
| Preliminary
10-
e e R —T 300 800 BDD 1000
41




Hamamatsu R8520-506
MOD

e 26 mm (1 in) square, 10 stages

e operation from -186° to +50° C

e max pressure 5 atm * spectral response: 300-650 nm
e QE at 340 nm*: 25%

e borosilicate glass window

o effective photocathode area 22 mm x 22 mm

e operating voltage +800 V (max +900 V)

* max anode current 0.1 mA

* typical gain* 106

e dark current* typically 2 nA (max 20 nA)

* rise time* 1.8 ns
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Track lengths
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Energy threshold
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Energy threshold
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Stilbene Setup: The Beam

* The beam creates a trigger by
interacting with a coil to create
the RF pulse

* The RF pulse is composed of
large macropulses that are 625
us in width, with a 10 ms delay
between macropulses

* The macropulses are composed
of micropulses that are 1.8 us in
width
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