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Our goal: understand detector backgrounds
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Demonstration of MeV-Scale Physics in

NGUtrinO Signals Liquid Argon Time Projection Chambers Using ArgoNeuT
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MeV-scale energy depositions by low-energy photons produced in neutrino-argon interactions have been
identified and reconstructed in ArgoNeuT liquid argon time projection chamber (LArTPC) data. ArgoNeuT
data collected on the NuMI beam at Fermilab were analyzed to select isolated low-energy depositions in the
TPC volume. The total number, reconstructed energies and positions of these depositions have been compared
to those from simulations of neutrino-argon interactions using the FLUKA Monte Carlo generator. Measured
features are consistent with energy depositions from photons produced by de-excitation of the neutrino’s target
nucleus and by inelastic scattering of primary neutrons produced by neutrino-argon interactions. This study rep-
resents a successful reconstruction of physics at the MeV-scale in a LArTPC, a capability of crucial importance
for detection and reconstruction of supernova and solar neutrino interactions in future large LArTPCs.
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Our goal: understand detector backgrounds

Neutrino signals Backgrounds

» Elastic-scattering channel

P FE 1 b ' (to be conservative)

» Charged-current channel , SR
ve + Y Ar — e~ + *K* -
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Outline

e Background I: Muon-induced spallation

» Background II: Neutron capture

e Background III: Sub-threshold events pileup
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Background I: Muon-induced spallation
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What are spallation backgrounds?

Cosmic-ray muon

I. isotope production

40Ar
® isotope
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What are spallation backgrounds?

Cosmic-ray muon

I. 1sotope production I1. isotope decay

40Ar

® isotope wope
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Muons — 1st-generation particles

Muon energy loss

o Jonization: muon + atomic electrons

-
o
o

» Restricted energy loss; Delta-ray

-
-
o

» Radiative process: muon + nuclei

E dN/dE [per muon]

-
-
o

» Pair production

» Bremsstrahlung

kel » Photonuclear interactions

Kinetic Energy [GeV]
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1st-generation particles — showers

5-GeV electron —> EM shower 5-GeV pion —> hadronic shower

0 1 1 0
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Isotopes @ showers

5-GeV electron —> EM shower 5-GeV pion —> hadronic shower
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Isotope production yields in DUNE

» Average isotope yield: 1.4 per muon

-
o
o

-
-
o

» 90% isotope yield: S, Cl, Ar

Isotppe Yield [per muon]
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» Yield uncertainty: a factor of ~ 2
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What are important isotopes?
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o
o
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Production vields + Decay properties
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DUNE spallation backgrounds
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ond step — a cylinder cut

Cosmic-ray muon
 Remaining background:

iw )= 5 ®

isotopeg x (P;(D>R)+ P, (D<R)x P(t>At)), (1)

\ » Resulting deadtime:
e

f(R,At) ~®, ™ R* At

~ 1.8 x 1074 (ﬂ
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DUNE spallation backgrounds, after 2nd-step cut
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Spallation backgrounds vs. MeV signals
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Background II: Neutron capture
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Radioactivity neutrons produced in rock

Neutron productions in 2 m rock:

=
-
N

-
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W

o 7.11 ppm 232Th & 3.43 ppm 238U

-
o
N

=
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» Th, U -> alpha; alpha + rock -> n

* U -> n, through spontaneous fission
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Radioactivity neutrons captured in DUNE
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Neutron background in DUNE

dN/dE [MeV~1s~1(10kton) 1]

smeared with 7%, 20% resolutionf

1 2 3 4 6
Electron Kinetic Energy [MeV]

e Neutron capture rate: 81 s-1

» Background electron rate (> 5 MeV):

o with 7% energy resolution: 1.2 Hz

o with 20% energy resolution: 5 Hz
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Neutron background vs. Solar neutrinos
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Neutron background vs. Supernova neutrinos

Trigger considerations

e Type I: 2

readout bins
5.4 MS

n

e
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Neutron background vs. Supernova neutrinos

Ethr Number of 5.4-ms bins

Trigger considerations Mev] 1 2 3 4

5 1x107 4x10° 1x10* 300
3x10° 1x10* 90 0.5
n 4% 10° 300 0.2 -
readout bins 3x10? 2 _ _
2% 10° - _ _
10 60 - - -

° Type I:

5.4 MS

Einr Number of electrons in 5.4 ms
n [MeV] 2 3 4

5 1x1 2x10° 2x10° 10
3x1 8x10° 20 0.02
4%1 100 0.04 -
3x1
2%1
60

e
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Reject neutron background for solar neutrinos

Add moderate water/oil/plastic shielding

10°

oo

~N

TIIIIlIIII|IIII|IIII|IIII|IIII|IIII

104

»)
5\ 3
. wn
g >,

@
— oY
%12

(0))

&)

10°

10k

!
\
s A
puipid
w

N

Exposure [100 kton-year|]
N

Exposure of Full DUNE [ years]

A

dN/dE [MeV~1 (100 kton year)™1]

1-|||I|||||LII:'1IHIHH v v b b by

5 6 7 8 9 10 11 12 13 14 15 16 6 7 8 09
Electron Kinetic Energy [MeV] Threshold [ MeV ]

o
11111

On

Guanying Zhu (OSU) PONDD, FNAL, Dec 2018

—




Reject neutron background for supernova neutrinos

Add moderate water/oil/plastic shielding

Shielding | D Number of 5.4-ms bins Shielding Einr Number of electrons in 5.4 ms

e Typ e I tri g g e I' : n [cm] [MeV] 1 2 3 4 [cm] [MeV] 1 2 3 4

5 1x107 4x10° 1x10* 300 5 1x107 2x10° 2x10° 10
3x10° 8x10° 20 0.02
4x10° 100 0.04 -
3x10* 1 —~
2x103 -

60 -

0 cm 3x10°  1x10% 90 0.5 0 cm
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Background III: Sub-threshold events pileup
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Calculation framework

o 2-event pileup wire plane

» dx=dy =5cm

(detector edge)
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Calculation framework

o 2-event pileup wire plane

» dx=dy =5cm
» Ist event at (z0, t0 = 0)

(detector edge)
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Calculation framework

o 2-event pileup Z| 717 wire plane

e dx=dy =5cm > 4
» 1st event at (z0, t0 = 0) * (z' t)

» 2nd event at (Z/, t’ > 0)

“' (z0, 0)

(detector edge)
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Calculation framework

o 2-event pileup Z| 717 wire plane

e dx=dy =5cm > 4
» 1st event at (z0, t0 = 0) * (z' t)

» 2nd event at (Z/, t’ > 0)

such that: | T-T" 1< 50 us X (20,0)

o0us

(detector edge)
wire plane

ik I
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Pileup sources

39Ar

(in atm argon)

42 Ar

(in atm argon)

42K

(42Ar decay)

neutron

(U/Th in rock)

Ee [MeV]

0.6

0.6

3.9

Rate [Hz]

1073

1073
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Pileup sources

39Ar

(in atm argon)

42 Ar

(in atm argon)

42K

(42Ar decay)

neutron

(U/Th in rock)

Ee [MeV]

0.6

0.6

3.5

Rate [Hz]

1073

1013
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Pileup rates << neutron rates above 5 MeV

o Pileup among 39Ar, 42K themselves
39Ar 42K

e 10 decays of 39Ar: 107-15 Hz

(in atm argon) | (42Ar decay)
o 2 decays of 42K: 10N-4 Hz

o Pileup between 39Ar and 42K

Ee [MeV] 0.6 3.5

o 3 decays of 39Ar with 1 decay of 42K:
10~-5 Hz

Rate [Hz] 1013

e Neutron background >5 MeV: 5 Hz

Guanying Zhu (OSU) PONDD, FNAL, Dec 2018 25

-




—_—

Conclusions

Solar
neutrinos

Supernova neutrinos

(trigger)

Spallation

No shielding

Neutron
After shielding

Pileup
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GEOLOGY OF PRECAMBRIAN ROCKS IN THE POORMAN ANTICLINORIUM
AND HOMESTAKE MINE, BLACK HILLS, SOUTH DAKOTA

Hiram Rogers

Geology Department, Homestake Mine
P. O. Box 875 Lead, SD 57754

INTRODUCTION

Previous work on Precambrian rocks from the Lead window (Noble and Harder, 1948) concentrated

on the stratigraphy and structure of rocks exposed along the Lead Anticlinorium and at the Homestake gold

mine. This paper focuses on lithologies, geochemistry, and paleoenvironments of mostly unmineralized

metasediments exposed in the Poorman anticlinorium.
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