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Rare event searches:

Detector

Daniel Wenz Low backgrounds for rare event searches



Rare event searches:

WIMP dark matter cross section on the order of the _ 1-=]

weak scale.

R NOCNN.(I))(.G)(,NOCMT

X

High detector mass increases number of targets

Daniel Wenz

10-40 ] CDMSlite (2018)

10~ 4 DarkSide-50 {2023)
XENONLT (2020)
10794 5

10798

S| WIMP-nucleon cross section [cm?

lu—ﬁﬂ'

DAMIC (2020)

YENONNT (2023)
LZ (2022l
10798 Meutrino coherent scattering
S. Navas et al. (Particle Data Group),
to be published (2024)
10° 10! 102 10
WIMP Mass [GeV/c?]
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10°

10—

1074

10-°F

—
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—
=
1

fu

=

—
=
1

fus

b

}0-14

S| WIMP-nucleoncross section [pb]


https://pdg.lbl.gov/2024/html/authors_2024.html
https://doi.org/10.1103/PhysRevD.110.030001

Rare event searches:

weak scale.

° RNOCNN.(I))(.O-)(,NOCMT

X

* High detector mass increases number of targets

* Energy range from sub-keV to a few 10 keV

* Assume elastic scattering of WIMP on target

. Ep= ( )2 :jv (1 — cos(8))

Daniel Wenz

WIMP dark matter cross section on the order of the

Recoils spectrum approximately exponential

— 10734

[ 1
COMSlite (2018) DAMIC (2020

10-4'3 4

10~ 4 DarkSide-50 {2023)
XENONLT (2020)

10744

107%

—d8
10 ) Meutrino coherent scattering

S| WIMP-nucleon cross section [cm?

lu—ﬁﬂ'

WENONNT (2023)

S. Navas et al. (Particle Data Group),

to be published (2024)

10°

.10—?

-10-4

t10-°F

—
<
oG

—
=
1

fu

=

—
=
1

fus

b

10!
WIMP Mass

100

ER max = 30 keV

(m, = my = 100 Gev, %"
V=220 km/s)

How many events do |

expect per tonne material

and year of measurement?
Low backgrounds for rare event searches

102
[GeV/c?]

ot
(=]
L
=
-
™

Recoil energy on target Nucleus

S| WIMP-nucleoncross section [pb]


https://pdg.lbl.gov/2024/html/authors_2024.html
https://doi.org/10.1103/PhysRevD.110.030001

Rare event searches:

10°
e  WIMP dark matter cross section on the order of the _ 10-2]
.10—?
weak scale. . DAMIC (2020)
10-4&. CDMSlite (2018)
104
* RX;N X NN . (I)X . O-X'N x MT 107% { DarkSide-50 (2023)

t10-°F
XENONIT (2020

* High detector mass increases number of targets

10794
f1o®
* Recoils spectrum approximately exponential 10-%] XENONNT (2022) -
® Energy range from SUb'kev tO d fEW 10 kev 1074 Neutrino coherent scattering i L10-t

S| WIMP-nucleon cross section [cm?

S. Navas et al. (Particle Data Group),

. . tob blished (2024)
« Assume elastic scattering of WIMP on target 1050 — — —— 307

WIMP Mass [GeV/c?]

2 v2 ER,max ~ 30 keV -
) my (1 - cos(8)) (m, = my = 100 GeV, o8| Ryl

V=220 km/s)
1

tonne x year

 Be=(

 Expected number of events: ~20

_10-46 2 — . . :
(a 10 cm“, m, = 100 GeV, in LXe, using the wimprates package, Recoil energy on target Nucleus

no efficiencies) _
Daniel Wenz Low backgrounds for rare event searches 6
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https://github.com/JelleAalbers/wimprates
https://pdg.lbl.gov/2024/html/authors_2024.html
https://doi.org/10.1103/PhysRevD.110.030001

Rare event searches:

* Neutrinoless double beta decay leads to a mono-energetic R2/0vsp

line at the end of a continues spectrum R R
2vBpB ovBp

* Depending on the used isotope the energy of the 0vf [ decay
is expected to be on the order of 2000 keV

* Energy threshold can be higher, but resolution is

important!
Deposited Energy

Daniel Wenz Low backgrounds for rare event searches



Rare event searches:

* Neutrinoless double beta decay leads to a mono-energetic R2/0vsp

line at the end of a continues spectrum R R
2vBpB ovBp

* Depending on the used isotope the energy of the 0vf [ decay
is expected to be on the order of 2000 keV

* Energy threshold can be higher, but resolution is

important!
Deposited Energy
* Upper limits exists for different isotopes measured by Isotope T (years) Experiment
different experiments. How many events do | #Ca > 5.8 % 102 ELEGANT VI [197]
ial 15Ge = LB x 10% GERDA [2]
OVﬂﬁ 26 expect per tonne materla 325{: = A6 = 1024 CUPID-0 Ig]
* letusassumeT, ;" = 10" years  3nd year of measurement? = > 92 x 107! NEMO-3 [54]
100Mo = 1.8 x 107 CUPID-Mo [7]
* Given 1 tonne of e.g. 13¢Xe: "cd > 22x10% Avcora 61)
128 e = 3.6 x 10°4 CUORE [198]
1307 > 2.2 x 108 CUORE (4]
Mxe136
ROVBB “0vEF 136Xe > 2.3 x 10% KamLAND-Zen [6]
MX8136'T1/2 150Ng > 2.0 x 1022 NEMO-3 [71]

Juan José Gomez-Cadenas et al,

Daniel Wenz Low backgrounds for rare event searches 10.1007/540766-023-00049-2 8



Rare event searches:

* Neutrinoless double beta decay leads to a mono-energetic g,
line at the end of a continues spectrum

Ravpp
* Depending on the used isotope the energy of the 0vf [ decay
is expected to be on the order of 2000 keV
* Energy threshold can be higher, but resolution is
important!
Deposited Energy
* Upper limits exists for different isotopes measured by Isotope T (years) Experiment
different experiments. By > 5.8 x 102 ELEGANT VI [197)
T6Ge = 1.8 x 1076 GERDA [2]
ov 528 = 4.6 x 104 CUPID-0 [8]
o Let US assume Tl/gﬁ 2 1026 years ":'l'ﬁzr = 07w ]02| MNEMO-3 |54]
100Mo = 1.8 x 102 CUPID-Mo [7]
* Given 1 tonne of e.g. 13®Xe: "od > 22x 102 Anroca [61]
1287e = 3.6 x 1074 CUORE [198]
m 1 nat . 1307 > 2.2 x 105 CUORE (4]
ROVBB Xelggvﬁﬁ ~ 20 ("*“Xe only contains 136X = 23 x 1026 KamLAND-Zen [6]
Mxe136'Tq /3 tonne x year 8.9 % of 13¢Xe) 150N =~ 2.0 x 102 NEMO-3 [71]
. J José G6 -Cad t al,
Daniel Wenz Low backgrounds for rare event searches 10.1007/540766.023 00049, 9



Rare event searches:

* “Extreme counting experiments”

Independent of DM search or 0OvgBf
search, looking for signal over background

: 1
Excluded signal rate R « a1y p, or -
1

2

Daniel Wenz Low backgrounds for rare event searches

10



Rare event searches:

e “Extreme counting experiments” ®Ge (88% enr.)
o .

* Independent of DM search or OV 10° g
search, looking for signal over background -
/
107 - _ ~ _ .-
. 1 = .
* Excluded signal rate R X oy yp, or - - et LT
1 .1-"'-
E 'E' 1023 E_ .—"—.*.* ..........
s F e
° i i = = e
Background free experiment scales with 2 L P < T
exposure T (mass x time) s F SO
o 5 :
. . =] SR 10 m™
* Background dominated scales with VT 10% T BM:E;‘OL?T:BE
E —— 0.03 counts/FWHM-t-y
e Scaling can be understood intuitively from 105 = = = 0.1 counts/FWHM-t-y
. . . = ==+ 1.0 count/FWHM-t-y
Poisson statistics: - e 10 counts/FWHM-t-y

o
b

<
NBkg. RBkg. : T \/ T Exposure [ton-years] Taken from https://legend-

exp.org/science/neutrinoless-
bb-decay/discovery-potential

Daniel Wenz Low backgrounds for rare event searches 11
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The problem: We live in a radioactive world:

- T

B Sleeping rext to someone (B.65 p3v)

Living within 58 miles of a nuclear
power plont for o yeor (8.89 u3v)

B Eoting one banona (8.1 pSv)

mmm Living within B8 miles of a coal
BEE power plont for a vear (B.3 pSv)

AL X-Tay

Uzing a CRT monitor
{1 s

for a year {1 pSv)

Extra dose from spending one day in
an area with higher-than-average
natural bockground rodiation, such
as the Colorado plotequ (1.2 pSv)

o
5]

5]

]

B Dental x-roy (5 pSw)

g

5]

[E]

DEEEE

g

[ Background dose received
3 by on overage person over
a ohe normal day (18 pSv)
=]

OEEEE

Airplane flight from Mew York to LA {48 pSv)

o1 H B -]
L v,

Using a cell phone {8 pSv)-a cell phone's tronsmitter does
not produce iohizing radiotion® and does not couse cancer.

# Unlegss it's a9 bananaphone.

Daniel Wenz

EPA wearly release target for
@ Chest x-ray {28 uSwv
¥ (28 p5v) B o nuclear power plant {30 pSv)

— O All the dozez in the blue
B8 chort combined (~68 W3v)

Doze from spending an
hour on the grounds at
the Chernobyl plant in
2018 {6 m3v in one spot,
but varies wildly)

@ Extro dosze to Tokwyo in weeks following
B Fukushima occident (48 pSv)

mg Living in a stone, brick, or concrete
B8 pyilding for o year (78 pSw)

Average total dose from the Three
== Mile Island accident to someone
living within 18 miles (88 p3v)

mm Approximate total dose received at
BB Fukushima Town Hall over two weeks
following occident (188 uSv)

Ja]
2 %?$i¥e?;;yurﬁizfzsr Maximum wearly dose permitted for US rodiation workers (B8 mSw)

power plant (258 p3v) 5]

Yearly dose from
natural potassium in
the body (398 pSv)

Mammogr an
{488 vy

EPA wvearly limit on
radiation exposure
to a single member
of the public

{1 mSw=1,888 LSv)

external dosze
fram Three
Hile Island
accident

71 m3vd

Typical dose over
two weeks in Fuku-
zhima Exclusion
Zone (1 mSv, but
areas northwest saw
for higher doses)

Head
CT Scan
2 mSv)

s}
Normal wearly background

dose. about 85% is from
natural sources. Nearly
all of the rest is from
medical scons {~4 m3v)

Low backgrounds for rare event searches

https://en.m.wikipedia.org/wiki/File:
Radiation_Dose_Chart_by_Xkcd.png
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The problem: We live in a radioactive world:

0.59 v | s mme e o Two main problems:
B Eating ene banens (3.1 3) All blue boxes
Eating a Banana combined == e Cosmic radiation
(0.1 uS) green boxes

* Natural abundant isotopes

How many %°K decays per tonne
humans per year do you expect?

==== Yearly dose from

pEEE natural potassium in
BEER the body (398 pSv)

Flight from NY Yearly dose from
to LA (40 ps) nat-K in human
Airplane flight from MNew York to LA (48 pSv) body (390 uS)

(85 % from natural sources)

D085 0000E 088E8EERES Nornal vearly background
b ¥ L
========== ====llllll dose. About 85% is from

natural sources. Nearly
all of the rest is from
medical scans (~4 mSv)

Daniel Wenz Low backgrounds for rare event searches

Yearly average dose ~4000 pS
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The problem: We live in a radioactive world:

B Eating one banana ¢A.1 pSv

Eating a Banana
(0.1 uS)

Flight from NY
to LA (40 ps)

Airplane flight from New York to LA {48 pSv)

F.

Daniel Wenz

—e All the doses in the blue [
BB chart combined {~68 pSv)

All blue boxes

. [ ]
combined ==
green boxes
[ ]
[ ]
==== Yearly dose from
mEEE natural potassium in
BEER the body (320 PSv)
[ ]

Yearly dose from
nat-K in human
body (390 uS)

Yearly average dose ~4000 uS

(85 % from natural sources)

BEEEE SEEEE BE llllllllll Mormal vearly background

ESEessgeEs IIIIIIIIII dose. About 85% is from

natural sources. Nearly
all of the rest is from
medical scans (~4 mSv)

Low backgrounds for rare event searches

Two main problems:

Cosmic radiation
Natural abundant isotopes

40K decay in a human body:
~4000 Bq ~ 1012 :

human tonne x year

(1 tonne humans

~ 15 people)

Reminder expected signal rates
1
tonne x year

~20

We must reduce and characterize our
backgrounds!

14



Recap: Low energy rare event searches

* Sensitivity of background free
experiments scale with exposure T

* Background dominated experiments

with VT

e Search for the needle in the haystack

* Current experiment expect rates

of ~20 ——

tonne x year

* Problem, we live in a radioactive
world: Detector
1

~ 1012
human tonne x year

Daniel Wenz Low backgrounds for rare event searches
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Overview

Underground lab
Passive Shielding

Active Vetos

Daniel Wenz Low backgrounds for rare event searches 16



Underground laboratories

Underground lab

Detector

Daniel Wenz Low backgrounds for rare event searches 17



Underground laboratories

. . . N
e High energy protons hit "N and "0 in upper atmosphere ‘ ';Eiﬁg
| ICLE
u
e Spallation leads to production of neutron, proton, pions Kaons | J
: : | I
* K‘sand mr’s decay further into muons via weak force e.g. |r =y
+ + e | 7
T ouT+v,, p+v, | 7
* Rate at sea level is about R, ~ 0.01 s~ 'cm™%sr™* we : }
et LT T~ |
*([sr] = steradian, unit of solid angle, full sphere is 4 pi ) | | N n [P P
/ - n- n
/ \+ “ nH I AN
/ P
- About 1 p/min/cm? - 1 m? detector about 170 p/s o1 | ' " AU
- | " S
n V¥
* Typical energy scale of Muon’s GeV | I N\ P’
| .
| I nop P
i hd | L

ELECTROMAGNETIC  MESON NUG LEONIC COMPONENT
OR "SOFT* OR "HARD" |
COMPONENT  GCOMPONENT |

https://www.ngdc.noaa.gov/stp/image/shower.gif
Daniel Wenz Low backgrounds for rare event searches 18



Underground laboratories

e Solution go into underground laboratories to
shield u's

* Reduced muon flux by about 5-7 orders of
magnitudes!

 Use “standard rock” (A=22,Z2=11,p=2.65¢
cm™3) to convert to physical depth: 1000
m.w.e = 380 m of standard rock

Why do laboratories in mountains
not follow the same model as
laboratories with flat overburden?

Daniel Wenz

Low backgrounds for rare event searches

o - CallioLab 400 Overburden
€ 10° & e Flat
O, = m LSC ,
X CallioLab 660 = Mountain
= 4 s Kamioka
= Soudan
S 10 E o CallioLab 990
§ - Boulby 1100 n LNGS
llioLab 1
107 | Boulby 1400 O~ “2l° fSM?’gO
— [ |
s SURF
107° &
s . = CJPL
[~ Viktor Pecetal., SNOLAB
| Eur. Phys. J. C (2024) 84:481
10—10IIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIII
0 1000 2000 3000/ 4000 5000 6000 7000 8000
ho Vertical depth [m w.e.]
1,(hy) = (67.97 - 107° e 2850mwe

P S m.w.e == Meter
+2.071-107%e 6980mwe )cm™“ s

D.-M. Mei and A. Hime,
arXiv:astro-ph/0512125v2

water equivalent
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Underground laboratories

e Solution go into underground laboratories to
shield u's

* Reduced muon flux by about 5-7 orders of
magnitudes!

 Use “standard rock” (A=22,Z2=11,p=2.65¢
cm™3) to convert to physical depth: 1000
m.w.e = 380 m of standard rock

Why do laboratories in mountains
not follow the same model as
laboratories with flat overburden?

Why do we need to go deep
underground? Muons should
produce large signals?

Daniel Wenz

Low backgrounds for rare event searches

o - CallioLab 400 Overburden
€ 10° & e Flat
O, = m LSC ,
X CallioLab 660 = Mountain
= 4 s Kamioka
= Soudan
S 10 E o CallioLab 990
§ - Boulby 1100 n LNGS
llioLab 1
107 | Boulby 1400 O~ “2l° fSM?’gO
— [ |
s SURF
107° &
s . = CJPL
[~ Viktor Pecetal., SNOLAB
| Eur. Phys. J. C (2024) 84:481
10—10IIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIII
0 1000 2000 3000/ 4000 5000 6000 7000 8000
ho Vertical depth [m w.e.]
1,(hy) = (67.97 - 107° e 2850mwe

P S m.w.e == Meter
+2.071-107%e 6980mwe )cm™“ s

D.-M. Mei and A. Hime,
arXiv:astro-ph/0512125v2

water equivalent
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Underground laboratories

* Why are muons so important to shield? Simulated muon energies Jinping UL
10_1 :rl—l'l'l'l'l'll" Y ---ul'l! Y ..--l'l'l! Y .....lr! =TT -.--l'l'l'|—l?

* The average u energy of about 4 GeV at sea
level shifts to higher energies for the
remaining s when going underground

o Underground

O Sea-level

[E—

3
2

|

106
* Binding energy nucleons ~8 MeV per nucleon ;

Normalized counts
<
e

S
=

- u induced spallation and hadronic shower

lead to neutrons and material activation! Ziyi Guo etl.
(JNE Collaboration),

arXiv:2007:15925y

-t 10" 10t 100 100 10
Muon kinetic energy [GeV]

(S
-
b

Daniel Wenz Low backgrounds for rare event searches 21



Underground laboratories

 Why are muons so important to shield?

ﬁ 63Cu
The average u energy of about 4 GeV at sea

58Ni1i 59Ni 60Ni 61Ni 62Ni

level shifts to higher energies for the
remaining s when going underground

Binding energy nucleons ~8 MeV per nucleon 56Pe 57Pe S58Pe

- i induced spallation and hadronic shower

) .. Image of nudat database nuclide chart
lead to neutrons and material activation! &

https://www.nndc.bnl.gov/nudat3/

Which isotopes due to you expect to be
harmful in case of copper? Do you know
any of these isotopes from your lab
courses?

Daniel Wenz Low backgrounds for rare event searches
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Underground laboratories

Why are muons so important to shield?

The average u energy of about 4 GeV at sea
level shifts to higher energies for the
remaining us when going underground

Binding energy nucleons ~8 MeV per nucleon

=)

.

Differential rate [counts keV ™ day™]

u induced spallation and hadronic shower
lead to neutrons and material activation!

Activation of detector materials lead to a
whole range of different isotopes:

3H, 3°Ar, 2Ar, °°Co, °8Ge, 127Xe, PTFE (C,F,)
(19': -S> 17N S 170 + ﬁ S 160 +n )

Daniel Wenz

—
=]
Ln

—
=
=

L

._.
<

10°

Low backgrounds for rare event searches

Before activation
After activation

Laura Baudis et al.,
arxiv:1507.03792v2

oy

a8
Co

Mn

&
o
o

56
Co

/

46

SBCU
43V \ SQFe

Wnik 11 I

500 1000

Activation of an oxygen-free copper
sample after 345 days in 3470 m height.

B0
Sc

150
Energy [keV]
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Underground laboratories

\ S

£ /AI eria |

% 9 \ S

| 2 Y 0
~J 7

\
'Mali | Niger | Sudan

7 ', TR had 2 Jé;‘o

itmosphere temperature variation 'L
1

i

' 1B

o 4 ks -....G. Bellini et al. (Borexino col@orationhirxiv:1202£4o3v3
311207 01/07/08 31112008 01/07/09 “31112/00 01/07/10 31112110 ’

Daniel Wenz Low backgrounds for rare event searches 24



Underground laboratories

e Typical muon rate at sea level about
1 u/min/cm?

* Typical muon energies in the order of
1 GeV

* Muons produce neutrons and activate

, Underground lab
detector materials! :

* Underground environment effective to
reduce Muon induced backgrounds

* Typical suppression by 5-7 order of
magnitudes Detector

Daniel Wenz Low backgrounds for rare event searches 25



Overview

new background in form of
and neutrons.

I However, surrounding rock creates

Underground lab

Detector

Daniel Wenz Low backgrounds for rare event searches 26



Underground laboratories

Underground environment introduces new backgrounds in from of gammas and neutrons

Main contribution from primordial isotopes with a long half-life:

Which isotopes do you think play a role, and
how much Bq per kg soil do we typically have?

Daniel Wenz Low backgrounds for rare event searches
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Underground laboratories

* Underground environment introduces new backgrounds in from of gammas and neutrons

* Main contribution from primordial isotopes with a long half-life:

« 238Y,235U (16-110 Bg/kg)* Side note: You can “feel” the abundance of these
>3 . | elements when going deep into mines. They
* Th (17-60 Bq/kg) e s bensteln contribute to the geothermal energy budget with
10.3389/fphy.2020.57 %k
about 50 %*.
y 40K (100'1000 Bq/kg)* 77 *(number is still under debate and should be taken with a grain of salt).

* Otherisotopes also play a role, but depend more on the detector type and application (see later)

Daniel Wenz Low backgrounds for rare event searches
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https://doi.org/10.3389/fphy.2020.577734
https://doi.org/10.3389/fphy.2020.577734

Underground laboratories

Taken from:

« 40K decays mostly either via beta emission or EC 40}(21 A
. . — physics-news/novel-
followed by the emission of a gamma ray. ot

kdk-exp-readying-for-
reveal/

* It has a half life of 1.251x10°y
10.55(11)%

*  Since it can be found everywhere it plays an!4%" k¢V
important role for all low background

89 25(17)%
Q = 1311.07(11) keV

0+

experiments 0+ y Q" = 1504.69(19) keV  4()
107 20Cag(
: . : 1844122
Which other element has similar chemical
properties and is used in many DM experiments?
Daniel Wenz Low backgrounds for rare event searches
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Underground laboratories

» 40K decays mostly either via beta emission or EC
followed by the emission of a gamma ray.

2+
* It has a half life of 1.251x10°y
10.55(11)%
* Since it can be found everywhere it plays an1400 keV
important role for all low background
experiments 0+ A
40
[8AT22

Which other element has similar chemical
properties and is used in many DM experiments?

Daniel Wenz

Low backgrounds for rare event searches

Taken from:
https://mcdonaldinstitu
te.ca/astroparticle-
physics-news/novel-

4_ kdk-exp-readying-for-
reveal/
B8— 1
(1 39.25(17)%
C Q- = 1311.07(11) keV |-
1 H
Hydrogen )
0+ MNonmetal 2
Q" = 1504. 69(19 keV 4OC 3 7045021
a2() > Li  Be

Lithium
Alkali Metal

Beryllium
Alkaline Earth ...

11 22.98..

NE!

Sodium
Alkali Metal

Viagnesium
lkaline Earth ...

19 39.09...

4 K

F' otassium

20 4008

(@)

Calcium
lkaline Earth ...

37 85468

Rb  Sr

Rubidium Strontium
Alkali Metal = Alkaline Earth ...

38 8762




Underground laboratories

Taken from:

40K decays mostly either via beta emission or EC ‘118}(21 A
. . _ hysics-news/novel-
followed by the emission of a gamma ray. ot 47 dkeexpreadying-for-
reveal/

* It has a half life of 1.251x10%y B— )

* Since it can be found everywhere it plays an' 400 keV : Q= 1BILOT(L) keV - S
important role for all low background A 00100(1 2% o s
experiments 0+ Y Qt = 1504.69(19) keV  4() 3 ™

107 20Cagy R
. . . 184322
Which other element has similar chemical
. . . . 11 22.98...
properties and is used in many DM experiments? Na
Sodium
Why is %K important for liquid argon experiments? 19 3909..

4 K

Potassium
Alkali Metal

37 85468

Rb

Rubidium

2
4 90121..

Be

Beryllium

Alkaline Earth ...

Viagnesium
lkaline Earth ...

20 4008

(@)

Calcium
lkaline Earth ...

38 8762

Sr

Strontium

Alkali Metal = Alkaline Earth ...

Daniel Wenz Low backgrounds for rare event searches




Underground laboratories

Taken from:

40K decays mostly either via beta emission or EC ‘118}(21 A
. . _ hysics-news/novel-
followed by the emission of a gamma ray. ot 47 dkeexpreadying-for-
reveal/

* It has a half life of 1.251x10%y B— )

* Since it can be found everywhere it plays an!400 keV ' Q= 1BILOT(L) keV - S
important role for all low background A 001()0(1 2)% o o
experiments 0+ Y Qt = 1504.69(19) keV  4() 3 ™

107 onCagy [
. . . 184322
Which other element has similar chemical
. . . . 11 22.98...
properties and is used in many DM experiments? Na
Sodium
Why is %K important for liquid argon experiments? 19 3909..
4 K
» Nearly all argon on earth oo
comes from 4°K decays! 37 esdes

Rb

Rubidium
Alkali Metal = Alkaline Earth ...
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2
4 90121..

Be

Beryllium

Alkaline Earth ...

Viagnesium
lkaline Earth ...

20 4008

(@)

Calcium
lkaline Earth ...

38 8762

Sr

Strontium




U
92

245 500

Taken from
wikipedia

99.27 %

0-72 % Uranium

31
2Pa

3.276e+4

Protactinium

100 %

1.41e+10
Years

années = years a
jous = days

82 Actinides
Stable L Alkali Metals

Alkaline Earth Metals

Actinides
Ll Alkali Metals
Alkaline Earth Metals

Halogens
Metalloids

Halogens
Metalloids
Noble

POS

Noble Gases

Post Transi

on Metals

Tra on Metals

Transition Metals Transition Met

Thorium

Actinium

Radium

Francium

Polonium

Bismuth

Lead

hallium
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Underground laboratories

. E_j}{]_{l-HJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII TTTTTIT T[T I T T I T T[T T T T I g

* Neutrons are emitted from : | | | | | ]
= — 084ppm U + 245 ppm Th =

P 238 - a0t — — 084ppm U Spontaneous Fission J

* Spontaneous fission (mostly %*3U) > - C - 084ppmU- (am)reactions

< - -—. 245ppmTh =

* (alpha, n) reactions on light nuclei (¢ + A — B™ + n) rré 2510 3

z s E

* (heavy nuclei are suppressed due to Coulomb barrier) Vo - -
fo20x107 =

* (higher alpha energy -> higher probability to produce neutrons ) g - .

¥ : -

: - P = U = -

* Neutrons can activate or scatter in detector and target — : E
material 2 - -

o H0 —

E L.0=10 ;' ) .

* Need to know chemical composition of the surrounding rock%- /. “ Neutron yield 3
for detailed simulations 2 300 LY fromrock 3

e Different detector materials have different neutron yields u.ﬂ[; 1 L bl linfed 2 2 'E

from (alpha, n) reactions

Weutron Ener {eV Viktor Pec et al.,
A [LI 7] Eur. Phys. J. C (2024)

84:481
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Underground laboratories

:IIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIII:

* Neutrons are emitted from f E
610 [ —— 1lppbU +1ppbTh :

.. - - = = | ppb U - Spontaneous Fission -

* Spontaneous fission (mostly 233U) > : « == 1ppb U - (an) reactions .

> skl E -=-+ 1ppb Th =

e (alpha, n) reactions on light nuclei(« + A — B* + n) i - .

3 - -

* (heavy nuclei are suppressed due to Coulomb barrier) T 4ax10T | =

wn - _]

= - -

* (higher alpha energy -> higher probability to produce neutrons ) f‘;:” - -

2 3x10f =

* Neutrons can activate or scatter in detector and target = -
material 2 E

5 - -

* Need to know chemical composition of the surrounding roc = i Neutron yield ]
for detailed simulations z e from highly -
T pure copper 1

e Different detector materials have different neutron yields 0 P 1T g L 1 0 1 DT e 3
0 1 2 3 4 5 6 7 8

from (alpha, n) reactions.

Viktor Pec et al.
T T ’
Neutron Enerev [MeV1 ¢/ o0 ¢ 202a)

e Cu better than stainless steel (less low A material) 84:481
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Overview

Build passive shielding layers
- to reduce environmental
influence, from a-decays and

fission

(44
Underground lab

Passive Shielding

Detector

f = fission
Daniel Wenz Low backgrounds for rare event searches 36



Passive and active shields

Photons interact with matter through

104 4

Notal
i PReto effect Hydrogen

%’ 102
* Photo effect, Compton scattering and pair g
production g 177
g 103
S ]
* High Z material is favorable as photo effect Z 107
scales with ~ Z° 5 107
Use as passive shield for example lead 1n-t ]
o
e Use ancient or low background lead to reduce F10°
intrinsic background of 21°Pb. Why does ancientlead &
not contain much 2°Pb? § '
‘% 10-1
5 1073 1
2

E
E
.

N

Pair pro

ction

—
o
—

T
—
(=)

=]

510'1

—
<
Mean free path [cm]

2'10'3

Xenon

- 101

- 100

N
Mean free path [cm]

1
—
2

e

10°

10! 102 10° 1
Incident gamma energy [keV]

Daniel Wenz Low backgrounds for rare event searches

04

37



Passive and active shields

104

* Photons interact with matter through .
10!

"1 pheto effect Hydrogen ¢

* Photo effect, Compton scattering and pair 107

production

. . - 100
10'{ Pair produgction =
100

10-1

—
fe=]
N

Mean free path [cm]

* High Z material is favorable as photo effect

—
o
b

scales with ~ Z° 102

Mass attenuation coefficient [cm?2/g]

10
e Use as passive shield for example lead 1nod

e Use ancient or low background lead to reduce
intrinsic background of 21°Pb. Why does ancient lead

1Standard Request Examples: 1)2|3/4]5]6]7] ¥
| Submit | | Reset |

o
E
2
210 ¢ _ Parameters:
not contain much “°Pb? E Target M Xe136 >
S  Reaction N, TOT | »
@ 10 ) =
§  Quantity [ ] Use for input help »
2 . More Parameters...
s
| I 1 [ ﬁ

100 10! 102 102 104
) Incident gamma energy [keV]
Daniel Wenz Low backgrounds for rare event searches 38


https://www-nds.iaea.org/exfor/endf.htm

Passive and active shields

10%
* Photons interact with matter through .
10!

Pheto effect Hydrogen ¢

- 100

10°

* Photo effect, Compton scattering and pair 107

production 10

Pair production
100

* High Z material is favorable as photo effect 10-"

scales with ~ Z°

— —
o fe=]
Lo

Mean free path [cm]

1072
10
e Use as passive shield for example lead 1nod

Mass attenuation coefficient [cm?2/g]

1Standard Request Examples: 1)2|3/4]5]6]7] ¥
| Submit | | Reset |

e Use ancient or low background lead to reduce
intrinsic background of 21°Pb.  Lead often contains also

Parameters:
Uranium, ancient lead Target M Xe136 >
was purified many years Reaction N TOT [ »
210 10 !
ago most of “TPb Quantity || Use for input help =

Lead works for gammas, but how decayed.

do we shield best neutrons? More Parameters...

| N

100 10! 102 102 104
) Incident gamma energy [keV]
Daniel Wenz Low backgrounds for rare event searches 39
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Passive and active shields

Neutrons are only shielded through collisions on nuclei

Reminder recoil energy:

Ep = ( Ny )2 ::V (1 — cos(0))

my+my
Use materials which contains a lot of hydrogen like Where does the 2.2 MeV
water (H,0) or plastics (CyH,,) gamma come from?

107 1 — HI1

Fe56

Gd155
— Gd157
xv™1l

Neutrons elastically scatter until being captured. 10° -

103 -
Enhance neutron absorption through isotopes with

high neutron capture cross section, e.g. Boron (1°B),
or Gadolinium (*>°Gd, 1°’Gd)

101_
10—1_
10—3_

10—5_

rad. neutron-capture corss-section [b]

10—7 -

Values taken from ENDF database
10-7 10-3 103 101 101 103 10°
Daniel Wenz Low backgrounds for r Neutron energy [keV] 40
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Passive and active shields

* Use multilayer shielding to absorb both neutrons
and gammas

 Example superCDMS at SNOLAB

 Water and PE layer to moderate and absorb
neutrons (low Z)

* Low activity Pb to shield gammas (high 2)

* Thin dry-nitrogen layer to reduce 222Rn
contamination from surrounding rock

* Polyethylene to moderate and absorb again
neutrons (low Z)

e Cupper housing reduces further gamma
background and bremsstrahlung

Dry N, in

thin Al layer _W‘a‘ter‘tanks

PE base

1@ Seismic Isolation Plat
TR R
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Passive and active shields

 Deionized water is used as a passive shield by many | e
experiments which are not as deep as SNOLAB

 XENON, LZ, COSINUS, GERDA,...

'lliii";':

Daniel Wenz Low backgrounds for rare event searches



Passive and active shields

Deionized water is used as a passive shield by many

experiments which are not as deep as SNOLAB
* XENON, LZ, COSINUS, GERDA,...

Already 3-4 meter are enough to shield
environmental neutrons and gammas

Only high energy neutrons from p’s can penetrate
most shields!

e Reminder this is an issue for neutron activation!

What is the advantage of using
water as a shielding material?

Daniel Wenz

Fraction of survived particles

—h

—h
<

102

Low backgrounds for rare event searches

E : ) : :

: ! :E. Aprile et al, (XENON :
B i i icollaboratibn), arXiv:1406.2374v2 i
By "i"'."'I'".""."'."".'"i"'.)"i'"."'.""i""."'.""."'."'1'".""."'.'"'."'|'". O
0 50 100 150 200 250 300 350

@ Muon-induced neutrons
B Gammas from rock radioactivity (E<3 MeV)

Neutrons from rock radioactivity (E<10 MeV)

.
.......................................................................................................................

mmmmssammmmebasmmmmsssmmmmmsldecmaesmmmmmssamedemaammmmmasemmmmak s smmmm s smmmm—- s dmm e ammmmme s mdn N e rmmmmel e ammm—n s ————

Fraction of surviving particles \Vater shield thickness [cm]
using GEANT4 simulations.

43



Overview

- Use passive shielding also
as an active veto!

Underground lab
Passive Shielding

Active Vetos

Detector

Daniel Wenz Low backgrounds for rare event searches 44



Passive and active shields

e Active veto idea is always the same:

Build detector around experiment

Fill outer detector with a medium which produces
light when a background particle interacts

Add light sensors to measure the emitted light

Veto all signals in the main detector which are in
coincidence with the outer detector

Daniel Wenz Low backgrounds for rare event searches

Detector
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Passive and active shields

iNni “E- Aprile et al, (XENON
* Water Cherenkov detector to suppress remaining muon I o i Firsh na

background.

* Cherenkov spectrum is continuous peaking in the ultra-
violet

* Emitted number of photons given by
*(for 300 nm < A <500 nm)

dN . 2 tZla 1 - le
didx A2 -

e XENONIT/nT p-veto detection efficiency from GEANT4
simulations

* Direct p-crossing: ~100 %
* Indirect p shower: ~70 %

* Lifetime loss ~1% (try to also veto decays with short T, ,)

Daniel Wenz Low backgrounds for rare event searches

46



Overview

Passive shielding layers such as Pb and
Cu help to shield from environmental
gammas

Plastics and water help to shield
neutrons from the laboratory cavern a

_ Underground lab
Active vetos such as water Cherenkov e

detectors help to also reduce p-induced

Passive Shielding

Active Vetos

backgrounds further.

Detector

Daniel Wenz Low backgrounds for rare event searches 47



Overview

Underground lab

New problem: Our
detector is also made

from something

Passive Shielding

Active Vetos

Detector
. materials

Daniel Wenz Low backgrounds for rare event searches 48



Detector materials

Reminder Uranium, Thorium and Potassium are everywhere:

8 9

238,235y (16-110 Bg/kg), 232Th (17-60 Bg/kg), “°K (100-1000 Bq/kg)

26 5584 27 5893..

Some materials are purer than others: Fe CO

Iron Cobalt

Oxygen-free, high conductivity copper has a purity of 99.99%

Stainless steel is an alloy containing besides Fe and others also Ni which can contain ¢°Co

Other issue recycling of activated stainless steel containing ®°Co (German law: 100 Bq/kg)

Matthias Laubenstein and lan Lawson,

®0Co is also used as a tracer in blast furnaces 1 .o 5000 rarss

Must screen every piece of metal, plastic, cable, bolt and nut which enters the detector!

If possible, screen raw materials and work together with vendors 1.0 zhangeta,
https://arxiv.org/pdf/1609.07515

Daniel Wenz Low backgrounds for rare event searches

28 58693

NI

Mickel

Transition Metal Transition Metal  Transition Metal
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https://doi.org/10.3389/fphy.2020.577734

Detector materials

Inductively coupled mass spectroscopy (ICP-MS)

Dissolve small samples in a liquid

Convert spray of liquid into ionized plasma

Measure atoms or polyatomic ions based on their charge-to-mass ratio
No direct measurement of the radioactive decay

Calibration with reference samples for absolute concentration

Matthias Laubenstein and lan Lawson,

Highly sensitive “’an/kg 10.3389/fphy.2020.577734

Only small samples are required, and measurement times are short

Sample will be destroyed in the process

Careful, decay chain might not

Measures only 223U and 232Th concentration _ N
be in secular equilibrium!

Daniel Wenz Low backgrounds for rare event searches
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Detector materials Airlock and glove box with
dry N, overpressure

 Gamma-ray spectroscopy using high purity
Germanium detectors

 Low background experiment in itself! <>

« Direct measurement of radioactive isotopes Lead shield | M

L. Baudis et al.,
arXiv:1103.2125v2

* Requires large amount of material and long

counting periods. Matthias ' i >

Laubenstein and
* Sensitivity 10-100 uBg/kg llzg%vf/of;%v.zozo Oxygen free ]
B copper F
* Requires large amounts of materials and long b
measurement times. How long does it take to getto a 10 % €

uncertainty for a 100 uBq rate?
 Samples are not destroyed in the process

* Measures gamma spectrum of the full U- and Polyethylene shield

Th-chain directly. against neutrons

Daniel Wenz Low backgrounds for rare event searches
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Detector materials Airlock and glove box with

dry N, overpressure

 Gamma-ray spectroscopy using high purity
Germanium detectors

« Low background experiment in itself! <>

« Direct measurement of radioactive isotopes Lead shield | M

L. Baudis et al.,
arXiv:1103.2125v2

* Requires large amount of material and long

counting periods. Matthias ' i >

Laubenstein and
lan Lawson,
* Sensitivity 10-100 uBg/kg  103389/fohy.2020 Oxygen free
.577734 a
B copper :
* Requires large amounts of materials and long b

measurement times.  (For 100 pBg and a 1 kg sample ~11 days
are needed to get a 10 % uncertainty)

 Samples are not destroyed in the process

* Measures full decay U- and Th-chain directly. Polyethylene shield

against neutrons
Daniel Wenz Low backgrounds for rare event searches
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Banana GEANT4 model

regular lead
- --FFJI" I

".

Detector materials

- Y 4
- ! '
5

R
Low backgrqund:|ead
" b W L]

Yooy a0k

Low background lead

== = - i L

‘ 103:_ Simulation
H - [ | Measurement
== - [ 1 Background
w n 102:—
o =
IE ¥
£ 103—
f% -
- B
> 1L
o F
Banana in aluminum foil in GeMSE 1071 = [|
D. Ramierze :||||||||||| I ||||| 1
10.6094/UNIFR/228338 250 500 750 1000 1250 1500
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Detector materials

Sample  Component Manufacturer Facility =~ Mass[kg] Livetime [d] Units By &y DtRa  Z6Ra (PITh) ETh K HCq 197 Cs

Stainless Steel (304)

1] Bell/Vessel Miranit GeMM T8 1.7 mBg/kg 13(7) 0.7(3) 031 0.6(2) .5(1) Laja) 242 =02

1] Bell/Vessel Mironit ICP-MS - - mBg/kg 3T(6) - - .10{8) - - - -

1 Bell/ Vessel Nironit GeMM T8 511 mBg/kg 42 0.1y 1.3(1) 0.9(1) 0.57(8) 1.4(2) Lel(s)  0.03{2)

1 Bell/ Vessel Nironit ICP-MS - - mBg/kg B.6(4) - - < 8.1 - - - -

2 BellVesseVEleclrodes Miromt GeMPM B4 7.5 mBgfkz < 11 < 0.6 0.a(1) 041} 0.4(1) <24 0.4(1) < 0.2

2 Bell/VesselElectrodes Nironit ICP-MS - - mBg/kg 25(3) - - 0.4(7) - - - -

3 Welding Rods (Vessel) Nironit GeMM 26 3 mBg/kg =3 = 0.3 3.1(3) 29(4) 11.4(7) 7(1) 1.62) =03

Orypen-Free High-Conductivity Copper

4 Fizld Shaping Rings Luvata Gator 717 325 mBg/kg = 033 = 0.02 < 018 < .22 0.18(3) 0.45(14) LO3(1) < 0103

4 Fizld Shaping Rings Luvata ICP-M5 - - mBg'kg 0u03(1) - - 00O - - - -

3 Guard Rings Nicmet GeMPM 56.5 421 mBg/kg < 1.6 =< 0.14 0.13(3) < 0.06 < .04 L&(2) (LO5(1) = 0,03

f Wires - GeMSE 12 - mBg/kg <23 - <01 < 0.06 < (.04 0.53(2) (.43(3) = .04

7 Array Support Plaie Niemet GeMSE 034 356 mBg/kg = 1.06 - < .21 < (.08 < 0. < {142 LO8(1) <001

7 Array Support Plaie Nicmet ICP-MS - - mBg/kg (L0014(4) - - 000401 - - - -

8 Array Support Pillar Luvata GeMM 573 26.2 mBg/kg <27 < (.23 < .06 < (L0 < .04 < 027 110(2) = (.03

Mastics

9 PFTFE Refiectors Amasler & Frey GeMM 154 5.0 mBglkg < 2.4 < 008 < 0.03 0.11(4) = (.09 &(1) - < 007

| FTFE Refiectors Amsler & Frey ICP-MS - mBg/kg < .06 - - 0.05(2) - - - -

10 FTFE Refiectors Amsler & Frey GeMM 250 19.7 mBg/kg = 1.0 = 0.07 0.15(3) =01 < (.08 0.08(3) - = 0.03

10 PTFE Refiectors Amsler & Frey ICP-M3 - - mBg'kg 0.13(7) - - 0032 - - - -

11 PTFE Pillars Amsler & Frey GeMM 15.1 45.0 mBg/kg =08 = (.05 0.04(1) < 006 < .04 < {142 - = 0.01

11 PTFE Pillars Amsler & Frey ICP-MS - - mBg/kg 0.26{9) - - 0.10{2) - - - -

12 PTFE PMT Holders Amsler & Frey GeMSE 18.2 19.9 mBg/kg = 1.9 - <=0 = (L0 < (.04 = 1.0 < 0L05 = (.03

13 PTFE PMT Holders Amsler & Frey ICP-MS - mBg/kg < (L1 - - = (.04 - - - -

14 Torlon Beflectors Dirake Plastics ICP-M5 - - mBglkg 1.R(5) - - 0.2(1) - - - -

15 Taorlon Beflectors Dirake Plastics ICP-MS - - mBg'kg 2.2(6) - - 0.4(1) - - - -

16 PEEK Array Spacers Spalinger ICP-MS - - mBg'kg 0.4(1) - - 0.12(3) - - - -

17 PEEK Scrws Solidspaot GeMPM 0.27 231 mBgfkz < 20 < 1.4 101) 7(1) a(l) 3010 - < 0.8

Photosensors & Components

18 R11410 PMTs (average 180 PMTs)  Hamamatsu Gator - mBg/PMT 0(2) 04{1) 0472 0.47(7) 0.46(2) 14.2(5) 105(3) <0.14

19 R11410 PMTs {average 6 PMTs) Hamamatsu GeMPl - mBg/PMT 147} 0.5(1) 0.52(4) 0.6(1) 0.43(3) 18.6(9) 1.27(6) = 013

20 R11410 PMTs {average 99 PMTs) Hamamatsu GeMSE - - mBg/PMT 6.3(3) - 0324) 0.33(3) 0.19(1) 11.1{4) 071(3) = .06

21 Ceramic Stem Hamamatsu GeMPI 1.5 207 mBg/kg 27(5) 0.13(2)  0.29(2) 0.17(2) 0.12(1) 27(3) <0003 < 0.000

2 Ceramic Stem Hamamatsu GeMM L& 228 mBg/kg 34(5) 0.12(2)  022(1) 0.20{2) 0.07(1) 0.13(2) <0002 =001

23 Bases/components Fralock/various GeMSE 1.9 70 mBg/piece 1.5(1) - 07(3) .14(1) 0.053(3) 0.29(5) <0003 < 0.002
E. Aprileetal.,

Daniel Wenz

arXiv:2112.05629v2
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Miscellaneous

Detector materials

28 M35 Screws (Ag), TPC U-C Components GeMPI 0.5 276 mBg/kg <43 <14 < 1.1 i 3.3(6) 12(3) 53(4) < 0.6
29 M6 Screws (Ag), TPC U-C Components GeMPI 1.0 2390 mBg/kg < 15 <34 < 1.6 < 3.0 279(7) 18(5) 6.7(7) <09
30 MBS Screws (Ag), TPC U-C Components GeMPI 0.9 228 mBg/kg 50(20) < 2.1 2.0(5) 34(8) 3.9(6) 13(3) 52(4) <08
31 MBS Screws (Ag), Bell ALCA GeMPI 1.2 216 mBag/kg <29 < 0.8 0.8(3) 2.0(5) 7.6(6) 5(2) 4.9(4) <03
32 SMD Resistors OHMITE GeDSG 0.01 6.9 uBg/piece 110(50) 2.3(3) 29(2) 13(2) 15(1) 60(10) < 1.1 < 06
Cleaning Solutions
33 HARO Clean 100 HAROSOL Corrado 1.0 9.8 mBa/kg <710 < 20 11(6) < 18 < 21 4600(300) <8 <7
34 HARO Clean 188 HAROSOL Corrado 1.5 6.0 mBa/kg < 24400 - < 35 520(310) < 18 5.8(4)- 100 < 175 < 133
35 HARO Clean 106 HAROSOL Corrado 0.6 3.1 mBa/kg 2.1(1)-10° - <20 <77 < 16 730(160) <9 <15
36 P3-Almeco 36 Henkel Bruno 0.1 39 mBg/kg 14(3)-10¢ 790{160}  98(27) <91 < 113 15(2) - 10° <19 <21
37 Tickopur R33 Dr. H. Stamm Giove 1.0 50 mBg/kg = T400 — 36(13) < 429 < 11 1.55(9)-10° < 40 <63
38 Elma clean 65 Elma Giove 1.0 7.1 mBg/kg 430(200) - 6(3) <12 <8 1190(90) < 1.6 <4
39 Elma clean 70 Elma Giove 1.1 21 mBg/kg < 17100 - 33(18) = 340 19(9) 1.45(9)-10° < 63 < 156
40 HNO- (69%) Roth Corrado 0.5 5.1 mBa/ke < 970 - = 19 <22 <27 = 80 <4 <7
Neutron Veto
41 R5912 PMT Body Hamamatsu GeMPI 0.2 6.9 mBg/kg 70(30) < 6.4 52(4) 37(4) 30(3) 360(40) < 1.8 <13
42 R5012 PMT low radioactivity Glass ~ Hamamatsu GeCris 0.4 39 mBg/kg T00(200) 40(10) 700(30) 740(50) 670(45) 1000( 100} < 3.0 =97
43 Polyethylene PMT Holders Plastotecnica emiliana ~ GeMPI 0.1 13.8 mBg/kg <19 < 2.2 2.1(8) < 2.2 < 2.1 <22 - <06
44 SS Support Structure Galli & Morelli GeMPI 0.5 215 mBg/kg <25 < (0.55 0.8(2) 1.1{4) 2.3(4) <49 4.1(4) <02
45 ePTFE Reflectors Applitecno Service ICP-MS - - mBg/kg 0.3(1) — - 0.12(4) — — — —
46 Gadolinium Sulfate NYC GeMPI 1.0 20.7 mBg/kg <14 < 0.3 0.9(2) 0.4(2) 1.2(2) < 4.1 — = 0.06
4 Gadolinium Sulfate Treibacher GeMPI 1.0 6.6 mBg/kg <43 < 3.6 347 23(2) 190(10) 0(4) - < 0.8
Purifyving Getter Materials
48 LXe Filter 2, BASF Corrade 0.3 238 mBg/kg 3200(700) - 145(10) 70(20) 86(9) 920(90) <6 <7
49 LXe Filter 2, BASF Corrado 04 10.4 mBg/kg 2900(760) - 150(10) 70(20) 84(16) 720(90) <6 <6
50 LXe Filter 2. BASF Corrade 0.1 7.2 mBg/kg  3600(1300) - 1050(40) 460(60) 560(50) 1500(200) < 11 <8
Calibration
51 Polyurethane Belt BRECOFlex GeMPI 0.6 9.5 mBg/kg 46(19) <25 13(1) 5(1) 41) 93(17) 1.9(6) <07
52 Source Box - Giove 7.3 13.8 mBg/kg <264 < 1.7 < 0.9 1.0(6) 1.7(4) < 1.2 6.2(4) <02
33 Source Box Clamp McMaster Corrado 0.9 24.5 mBg/kg < 395 = 44 46(4) = 15.5 15(5) < 32 12(2) =2
54 55316 Tube Swagelok GSOr 29 7.1 mBg/kg <33 <28 3.3(7) 6.2(9) 14(1) <75 2.5(3) < 0.8
55 55304 Beam Pipe Weizmann GeMPI 3.1 16.7 mBg/kg < 63 < 1.8 1.7(5) 6(1) 6(1) <10 6.8(7) <05
56 S5304 Suppeort Pipe Weizmann GeMPI 0.5 27.6 mBg/kg 36(18) < 0.9 0.6(3) 1.9(8) 6.8(8) <15 6.5(8) <09
57 558316 Clamps McMaster GeMPI 2.2 5.6 mBg/kg 150({60) < 8.8 102(5) 19(2) 18(2) 7(3) 12(1 —
SR S8304 Rallow M G=NMPT R 137 mBallko =47 =173 04 530 Q R =<3 A T 1T E
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Detector materials
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Recap: Low energy rare event searches

* Sensitivity of background free
experiments scale with exposure T

* Background dominated experiments

with VT

e Search for the needle in the haystack

* Current experiment expect rates

of ~20 ——

tonne x year

* Problem, we live in a radioactive
world: Detector
1

~ 1012
human tonne x year

Daniel Wenz Low backgrounds for rare event searches
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Underground laboratories

e Typical muon rate at sea level about
1 u/min/cm?

* Typical muon energies in the order of
~10 GeV

* Muons produce neutrons and activate

, Underground lab
detector materials! :

* Underground environment effective to
reduce Muon induced backgrounds

* Typical suppression by 5-7 order of
magnitudes Detector

Daniel Wenz Low backgrounds for rare event searches 59



Overview

Passive shielding layers such as Pb and
Cu help to shield from environmental
gammas

Plastics and water help to shield
neutrons from the laboratory cavern a

_ Underground lab
Active vetos such as water Cherenkov e

detectors help to also reduce p-induced

Passive Shielding

Active Vetos

backgrounds further.

Detector

Daniel Wenz Low backgrounds for rare event searches 60



Overview

Detector materials itself are a source

of backgrounds: Underground lab

y Ul Thl Kl col'" Passive ShlEldlng

Careful material screening is required Active Vetos

to reduce backgrounds:
 HPGe, ICP-MS, NAA,...

Cleaning and working in clean

Detector
. materials

environments is required to

reduce surface contaminations

Daniel Wenz Low backgrounds for rare event searches 61



Overview

Underground lab
What else can we do to E

- reduce the impact on
detector material

background?

Passive Shielding

Active Vetos

Detector
. materials
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Overview

The detector is built, but what else

can we do? Underground lab
Be smart about your signal!

Exploit signal topologies. Passive Shielding

Active Vetos
Detector medium

Many small
modules

“Monolithic”
liquid
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Overview

Underground lab
What else can we do to E

- reduce the impact on
detector material

background?

Passive Shielding

Active Vetos

Detector
. materials
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