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What are cosmogenic
backgrounds?

Backgrounds induced by cosmic rays and their products
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The physics they affect
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Current rejection methods
Example: Super-K

\ ~ muon track

Muon rate: 2 Hz
VS.

Isotope lifetime: ~ 10 s
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Remove 90% backgrounds

Lose 20% signals




Much better background
reduction is possible



Simulations are improving

» Packages: FLUKA, GEANT4
> A factor of ~ 2 accuracies in 2C & 160

GEANT4 GEANT4 FLUKA Borexino
Model TIT  Model TV
— (B) =283 £ 19GeV Isotope Y; in water  Expected [13]
Isotopes Yield [1077 (ug/cm?)™!] 123 11.7+0.1+0.6 12
12N 1.114+0.13  3.0+£0.2 0.5+0.2 <11 12 ) ) )
128 301407 207407  28.8+1.9 56+ 3 N 1.6+0.1+0.1 1.3
SHe <0.04 0.18+0.05 0.3040.15 <15 16N 23.44+1.94+1.7 18
Borexino ‘Ui 06401 1.6840.16 3.1+04 2.9+0.3 11 Super-K
8B 0.52+0.09 1.44+0.15 6.6+0.6 1446 Be <10.0 0.81 p
2013 He 185405 89404 17.3+11 38415 9Li w/o n-tag  0.540.240.2 1.9 2016

8Li 27.740.7 78+04 28.8+1.0 77 9 -
°c 0.16+0.05 0994013 0.91+0.10 <16 8L1 V‘g/ n-tag 0.5140.07=0.09 1.9
liBe 0.24+0.06 0.45+0.09 0.59+0.12 <7.0 He/ C <0.9 1.1
10g 15.0+£0.5 41.1+0.8 14.14+0.7 18+5 81 : /8
g 315+2 415+ 3 467+ 23 886+ 115 1%’1/ B’ 4.9£0.2+0.2 18.8
Neutrons Yield [107% (ug/cm?)™!] C <3.9 0.82

3.01£0.05 299+£0.03 246+0.12 3.10+0.11

» More studies with heavier materials "2



The puzzle

Muon light profile  Correlation with cosmogenics
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Understanding the
production mechanism

first...
O o unstable isotope
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then later... x

unstable isotope electron
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1. Muons produce showers

E.M. Shower

Muon secondary spectra

3"'60|p/NP

Energy [GeV]

Li & Beacom

2015

Shower rate is low, ~ 0.5 per Super-K muon



1. Muons produce showers

Muon secondary spectra Shower profile
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Shower length is small, ~5 m



1. Muons produce showers

Muon secondary spectra
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2. Showers produce isotopes

Isotope parent spectra
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Hadronic showers have 7, n; they produce isotopes
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E.M. showers have y



2. Showers produce isotopes

Isotope parent spectra E.M. vs. hadronic showers
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How to apply cuts?

More accurate shower tagging

Old Method New Method
\/ muon track muon track
AN\ é TN
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volume
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electron discarded electron .
X volume light -p
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Less volume, less frequent cut => longer rejection time




Ways to identify showers

Light

Measured shower profile Photon hit pattern
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Care is needed to properly reconstruct showers **



Ways to identify showers

Light

Measured shower profile New reconstruction method

—

N
o
o
o

Light deposited in detector (photo electrons

Super-K 0 L

2012

Care is needed to properly reconstruct showers
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Ways to identify showers

Neutron captures

Neutron multiplicity

Borexino data

FLUKA prediction

delta electrons + electron pair production
muon bremsstrahlung + muon nucler

10

102 10°
neutron capture multiplicity

Empl et al., 2014

Using neutron captures to
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More efficient way to tag hadronic showers



Conclusions

Cosmogenic backgrounds are critical for solar
(8B, pep, CNO), reactor, Ov[3[3 studies

The main difficulty: no efficient way to tag the
background-producing muons

New opportunities arise: isotopes are made in
muon-induced showers

Need to identify showers better: light, neutron
capture



Thank you!



Back up



Current rejection methods

Example: Borexino
Three-Fold Coincidence

[1]
H+12C_’H+11C+n

inner vessel [2]

11C o 1B + @t + v,
(~30 min)

[3]
H+n-D+y
2.2 Mev (250 us)

% neutron capture

Borexino
2014



Studies with more materials

Zhuetal.,
136X€ 40Ar in prep
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More data provided to model hadronic interactions



