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What is nEXO? nEX®

» A search for Ovff in liquid xenon-136

+ Half-life sensitivity reach to 1.35 X 10?° years at a 90% C.L.
* 5000 kg of LXe in a time projection chamber (TPC)

Outer detector & shielding with 125 PMTs

Outer cryostat (vacuum)

Inner cryostat (organic refrigerant)

Copper TPC full of liquid xenon
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Backgrounds to nEXO nEX@

1. Intrinsic radioactivity of components | Quantify:

2. Radon outgassing Radioassays
Measure Rn emanation rates

Mitigate:
Select radiopure materials

3. EXposure based backgrounds Quantify:
e During fabrication / transport* Sir.n.ulations
» Steady state (cosmogenic or local activity) Mlt'g?te: | |
“Post-installation cool-down time
Shielding
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nEX®

Cosmogenic Backgrounds

SNOLAB overburden reduces u flux by 2 X 10° compared to surface

. . Number of ¢ Traversing OD per Day
... yet we still anticipate - - Gaussian Fit:

between ~55 muons per day 1L =54.57

through the OD - o =7.30
Days/bin

30 years

(E,) =~ 350 GeV

why are they a problem?
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nEX®

Cosmogenic Backgrounds

muon spallation: 350,

300i E 2Uﬁﬁ

-
250 ¥ From EXO-200 data [3]

u+A->n+...

>
leads to neutron capture: S 2000
Z1s0-
o Xe + n — s, Xe 100" \‘ Oufp?
505— \ Not to scale!
producing a signal-like event e N O S

reconstructed energy 3 (keV)
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Enter stage right n EX

NEXQO’s Outer Detector

Uses 125 PMTs to detect muons via Cherenkov light whose spectra
are given by the Frank-Tamm formula; M

1 1 1
N=27m(———> (1— )
b A pn’

For (E,) =~ 350 GeV, f ~ 1

Average path length and time: (s) & 8.6 m (f) ~ 30 ns
yielding roughly 1.5 X 10° Cherenkov photons per muon in OD
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nEX®

Simulation Goals

e Quantify the cosmogenic background
 Constrain the activation rate of Xe-136

* Characterize the neutron-inducing muons
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nEX®

What is FLUKA?

* A Monte Carlo particle simulation package

 Implemented in FORTRANY7 (it’'s been around for a while)

What are possible outputs?
* Neutron energy, position, direction, generation, muon-parent & attributes

e Activation — Count of Residual nuclei per primary — Stopping nuclei

 Using ENDF o for 136Xe(n,;/)137Xe

* By region: either TPC, or everything within OD boundary
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Muon Source

* Zenith angle from Mei and Hime [4]
1(0,X) = (Ile_X/Al cos 6 + Ize—X/Azcos 9) sec 0

. Energy Eﬂ sampled from Gaisser:

v - J

WiV ’

dN 1 0.054
~ 0.14E; %" |
dBud (1 e 1 Egvg)

e |nstantiated on a disk above the OD

Simulating nEXO’s Cosmogenic Backgrounds, R. Ross

“\&/
i
VA AN
AN

0

MY/
N7

- ’\‘\ N M@V v
§./'l! I ‘3"01}45" A
i 1“""\
'[:»41 I 1 /"" \ '/
i
DA A,fmu‘ﬁ,
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Activation Rates

Activation in TPC

43.5 years simulated

Small ROI

-
i
ol
.
|

Production rates:

Xe-137— 21.86 atoms/yr
Cu-64— 63.46 atoms/yr
Cu-66— 13.69 atoms/yr

5 10 15 20 25 30 35 40 45 50 55 (0 5 10 15 20 25 30
Atomic Number Z Atomic Number 7
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nEX®

——— Median

Xe-137 Activation

| |@FLUKA

~=== Mean

40 -

|6 GEanT4

Activation rates for
Xe-137 are consistent
with other simulations

based on GEANT4

o ————— —

o — — — — — —

Xe-137 Count / year

10 -+

FLUKA QGSP Shielding
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Counts of u that

produce neutrons
in the respective
volumes

10 m

20000 -

17500

Muon Impact Parameters

Visible
Ambiguous

Invisible

B OD
TPC

15000 -

12500 ~

10000 -~

2000 -

0

2

.
2
r

|
I
|
|

2500 - J---L
0 m

4 6

1400 A

1200 A

OO0 -

NSUL T

Ot -

100 -

200 -

~150 yr of fluxes

Simulating nEXO’s Cosmogenic Backgrounds, R. Ross

Muon Impact Parameter [m]

12




Muon Impact Parameters

Counts of u that

produce neutrons
in the respective
volumes

10 m

~150 yr of fluxes

nEX®
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nEX®

Conclusions

- Muons that produce TPC backgrounds traverse the OD - we can see them
- Activation rates have been quantified and are consistent with GEANT4
- We don’t have to worry about muon-induced showers in surrounding rock
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nEX®
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Bonus: Cherenkov Photons vs Impact Parameter nEX.

e 'lop — Bottom
e Top — Side

e Side — Side
Side — Bottom

5 % 10% u paths

Number of Cherenkov Photons [-105]

0 2 4 0 3
Impact Parameter of Through Going Muons [m

Simulating nEXO’s Cosmogenic Backgrounds, R. Ross 17



Total — 2'*Bi from 2?°Rn ®
Cathode 1=
Field Rings S
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TPC LXe
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