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Types of Experiments and Backgrounds ...

e Backgrounds:
— Cosmic-ray primaries and secondaries produced in the atmosphere
— Cosmic muons
— Neutrons (“Cosmic” and “Environmental”)

—a, B and y (“Detector intrinsic” and “Environmental”)
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Cosmic-ray Primaries & Secondaries ....> :

BERKELEY LAB

Heusser, Annu. Rev. Nucl. Part. Sci. 45: 543 (1995)

PDB 2008
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Cosmic-ray Primaries & Secondaries ....> :

BERKELEY LAB

e Minimal overhead burden goes a long way in reducing backgrounds
induced by nucleonics:

Sea Ievel Heusser
Annu. Rev. Nucl. Part. Sci. 45: 543 (1995)

15 m.w.e.

e Even at 25 m.w.e., the muonic and nucleonic contributions to the
“star density” (nuclear interactions per gram of material per unit time)
are about equal (< ~0.01 inelastic interaction per kg per day). [Lal &
Peters 1967
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Why do we care about cosmic muons? ...,

BERKELEY LAB

e Cosmic muons are easy to shield and veto if they pass
through the detector.

e But cosmic muons can

— create neutrons, 3 and y backgrounds without leaving any traces in
the detector

— produce unwanted radioisotopes

— increase detector dead-time (if overhead burden is inadequate)
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Muon Intensity %

e On surface (10 GeV < E, < 100 TeV, 68<70°): [Gaisser 1990]

Shape uncertainty ~ 5%
Flux uncertainty ~20%

e Energy loss while traveling through rocks (brem., e*e pair production,
photonuclear):

e Approximate relationship, neglecting energy loss fluctuation [Lipari]:

where 4 = (2.15+0.08) x 10 %°cm?s " 'sr™' X =pB(y—1)"" = 115575 mwe

—~v—1=1.93+0220 . e
T e See Chu’s talk on site-specific fits
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Muon Intensity —_— .’n|

e At great depths or in complicated topologies, more detailed
calculations are needed (e.g. MUSIC or PROM_MU).

e Empirical fits do exist. For example, Mei and Hime:
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Muon Intensity —_— .’n|

PDG 2008
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Cosmogenic Production of Radioisotopes ... y

BERKELEY LAB

e Production of radioactive nuclei by
nuclear interactions of cosmic ray muons

e Example: 7'Ge production in GaCls
(GALLEX solar neutrino experiment):

e But "'Ge can be produced
cosmogenically. Therefore, one must
choose a lab that is deep enough.

e Cosmogenic °Ge (EC, 271d half-life) was
problematic for GALLEX initially. This was
a background for 71Ge counting.

e Cosmogenic radioisotope production rate
can be calculated with code such as
COSMO. Calculations and measurements
agree to within a factor of ~2. [Martoff et al.,

Comput. Phys. Commun. 72:96 (1992)] Heusser, Annu. Rev. Nucl. Part. Sci. 45: 543 (1995)
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Neutron Backgrounds eeer]

e “Cosmic” and “Environmental”

— Cosmic: muon-induced

— Environmental: Mostly from U and Th in rock

e Neutrons are hard to tag:
— No charge

— can be produced in the surrounding rock

e Why do we care about neutrons?

— May directly simulate a signal event in many
underground experiments, e.g. neutrons as
fake WIMPs.

— May produce gamma rays through (n,y) and ' ' = TN
(n,n"y) processes in the detector or its Er (keV) CDMS
shielding.

— May produce long-lived radioactive isotopes
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Neutron Backgrounds eeer]

e At deep sites, the main source of neutron backgrounds is
usually the rock.

Heusser, Annu. Rev. Nucl. Part. Sci. 45: 543 (1995)
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Why do we care about cosmic neutrons? ... ’\l

Deep Science
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Neutron-Induced Backgrounds (An Example) ... i

BERKELEY LAB

® Fast neutron interactions can excite
these levels in Pb (a common low
background experiment shielding

material). See Chan’s talk
DEP=2040 keV

Elliott

The problem: Q value for 7¢Ge Bf3 is 2039 keV.
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Production of Cosmic-Induced Neutrons ~ ereece) o

® w capture:
— capture rate ~Z*

e Electromagnetic showers generated from cosmic .

— Cross section ~Z?2

e u spallation via virtual photon exchange
— At high energy

e u-nucleon quasi-elastic scattering

e Secondary neutron production from any of the above processes

Formaggio & Martoff,
and references therein
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Production of Cosmic-Induced Neutrons  rreece]

® w capture:
— capture rate ~Z*

e Electromagnetic showers generated from cosmic .

— Cross section ~Z?2

e u spallation via virtual photon exchange
— At high energy

e u-nucleon quasi-elastic scattering

e Secondary neutron production from any of the above processes

When in doubt, GO DEEP

Formaggio & Martoff,
and references therein
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Cosmic-Induced Neutrons coreend]

Depth Dependence

AN

FLUKA
\ simulation

FLUKA with n
simulations multiplicity
correction*

Mei & Hime, 2005

Notes:
e Data are somewhat controversial, and are mostly from light targets

e Models need further tests

LAWRENCE BERKELEY NATIONAL LABORATORY




“y

Cosmic-Induced Neutrons reer)) |

Atomic Weight Dependence

e Usual parameterization for neutron yield is ~AP.

Mei & Hime, 2005
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Cosmic-Induced Neutrons reer]

280 GeV muons

e GEANT4 and FLUKA agree to within
a factor of ~2

® They seem to under-estimate the
induced neutron flux

e Need underground data as NASS 1s a

thin-target measurement.
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Primordial Radioactivities eece)) |

232Th
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“Environmental” Neutrons core?) §

e The origin of the most dominant neutron backgrounds in
“deep” underground labs can be traced to primordial U and
Th in the rock or construction material of the laboratory:

— Spontaneous fission of 238U, 23°U and 23°Th
e Mostly 228U (SF BR=5.45x107, ~2 n/fission)

— (a,n) reaction

U chain:
218Po(6.0 MeV),
214po(7.7 MeV),
210pg(5.3 MeV)

e Th chain:
216Pp(6.8 MeV),
212p (8.8 MeV)

Formaggio & Martoff and

references therein
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(a,n) rate calculation

\A;LPHN

J. Amare et al.
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Primordial Radioactivity %

a, 18 and )4 from radioactive H. V. Klapdor-Kleingrothaus
. . . NIM A522, 371-406 (2004)
decays of primordial directly
impacts most low background
experiments.

— “detector intrinsic”

— “environment”

Achieve high levels of radio-
purity via:

— material screening GERDA-Il MC
Tomei, DBDO0O6

— purification
— careful material handling and
cleaning during construction

and operation
— shielding
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Primordial Radioactivity %

a, 18 and )4 from radioactive H. V. Klapdor-Kleingrothaus
. . . NIM A522, 371-406 (2004)
decays of primordial directly
impacts most low background
experiments.

— “detector intrinsic”

— “environment”

Achieve high levels of radio-
purity via:

GERDA-Il MC
Tomei, DBDO0O6

— material screening
— purification
— careful material handling and

cleaning during construction
and operation

— shielding o EAMRL L0V GRS L N, | GO 2

1.94 1.96 1.98 2 202 204 206 2.08 2.1
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Material Screening %

 Individual experiments have to ensure the cleanliness of
their systems.

— Multiple counting methods/facilities

— Multiple vendors, individual production batches

— Stockpiling of clean materials in suitable storage

e Example: EXO-200

Nucl. Instrum. Meth. A591:490-509,2008.
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Assay Techniques o

e “Common” assay techniques:
— Direct y counting with Ge detectors [~10"'? gU(Th)/g]
— Neutron Activation Analysis (NAA) [~10-"4-10-"> gU(Th)/g]
— Mass Spectroscopy [~10-12-10-1% gU(Th)/g]

e Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS)
e Gas Discharge-Mass Spectroscopy (GD-MS)

— Emission Spectroscopy
e X-Ray Fluorescence

* Inductively Coupled Plasma-Emission Spectroscopy (ICP-ES)

e Target-specific procedures

— Example:

e Extraction of 224Ra and 226Ra using manganese oxide (MnOx) and
hydrous titanium oxide (HTiO) compounds to assay water with sensitivity of
~107"0 g/g. [NIM A501, 386 (2003), NIM A501, 399 (2003)]
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HPGe Counting System oo 0
8 Y

e An example:

Nucl. Instrum. Meth. A591:490-509,2008.
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Network of HPGe Counting Systems ...

A
I

: ‘

e Systems with different overhead burden and intrinsic detector
backgrounds. Optimize counting efficiency and throughput.

e Example: The
Collaboration of
uropean Low
_evel
Underground

| aboratories
(CELLAR)

e Some
collaborations
have their own
smaller networks.
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Radiopurity Database eece)) |

http://radiopurity.in2p3.1r/
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http://radiopurity.in2p3.fr
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Radiopurity Database eece)) |

http://radiopurity.in2p3.1r/
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Radon r:2m3|

e What you can’t see and smell can kill your experiment.

radsn

©220RN (110=56 sec)... = 212Pb (11,=11 h)

® 222Rn (t12=3.8 d)... = 219Pb (110=22 y) A bigger enemy!
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e 222Rn concentration is higher in an underground facility
than on surface.

— Kamioka mine tunnel: ~1200 Bg m3 (Phys. Lett. 452, 418 (1999)]
— SNO underground lab: 123+13 Bg m or 60,000 atoms/I.
— Surface ~1/10 to 1/20 as much

e Why Rn is a problem?
— Rn daughters plate out electrostatically onto surfaces

— Some fraction might be transferred to active detector volume by
leaching.

e Techniques based on charcoal adsorption have been used
which suppress Radon by about a factor of 104-10~.

— Pocar et.al. at Princeton developed a pressure swing system

— Lalanne et.al at Modane developed a cryogenic adsorption system
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Modane reer]

Free-Radon air factory

Principe:
Air circulation (150 m3/h) trough a column of charcoal cooled down at -50°C

| he specitications of The radon trapping tacility are :
» Compressor (7 bars)

» filtration with oil separator (0.03 ym) and dust separator (0.1 ym)

» Air Dryer with a dew point -70°C for 8.5 bars -30°C at maximum value
» Cooling unit

» Two adsorption columns, with internal diameter of 600 mm and 3 m high
» Charcoal: activated carbon 2x500 kg

The Rn level at exit of the column: 18 mBqg/m3 ==> air sent into the tent
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Other Airborne Radioactivit S
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e Mainly spallation products from nitrogen and oxygen.

e Also airborne radioactivities CH, *C, 8>Kr, ?9Sr, 137Cs) from
previous nuclear weapon testings and nuclear power
generation.

1 1

Operation stop of the PNC Tokai plant
133 )( ' due to the fire and explosion accident _
6 E in March, 1997 X

8SKr

-t
o

™~

Chernobyl

—_—
O:

"Kr concentration Ba/m

1995 1996 1997
Year

e Problematic for certain next-generation dark matter (*°Ar
and #?Ar) and solar neutrino experiments (°°Kr).
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Other Airborne Radioactivity ... |

Formaggio & Martoff
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Summary coceey]

e This was a whirlwind tour of backgrounds in underground
experiments and assay/monitoring techniques.

e \When in doubt:

— (GO measure

— Go deep
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Summary coceey]

e This was a whirlwind tour of backgrounds in underground
experiments and assay/monitoring techniques.

e \When in doubt:

— (GO measure

— Go deep

 Expect the unexpected!
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