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- Physics motivation:
~ Low Background Experiments
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~ Project Description:
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> First results
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> Summary & Outlook
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- Direct Dark Matter interaction
- Neutrinoless Double Beta Decay

- Low Energy Neutrinos' interaction

_— (solar, sterile neutrinos etc)
_ lceCube

Positron

n®
1T ® - Proton decay

Experiments have very small expected event rates!!
(e.g. 0v2p decay < 0.1 events/(kg y) )

They ALL need a very low background!!

I28i07/2013 Matteo Palermo B




Expected Event Rate =

What we can do to enhance the expected
event rate?

- Increase the exposure:

» increase the data taking
period
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What we can do to enhance the expected
event rate?

- Increase the exposure:

» increase the data taking
period

;increase the mass
- 1 Ton experiments

> Increase the S/B ratio:

» reduce the background
= Move deeper Underground
- Effective Shielding
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> Three different sources:

A;ha

Gamma

> Intrinsic detector radioactivity Oﬁ:yp
¢

> Environmental Natural radioactivity

‘]"xﬂeutrmo

Elektron ©

> Cosmic Rays-induced showers (basically

muon and neutrino-induced)

Coe D Faned

> Two different components:
> Charged » easy to veto

altitinde

> Neutral -» high shielding power
required (neutron, gammas)

primary CIR

atmﬂspheric miclens
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Boulby UK
Canfranc ,
Modane ,

Gran Sasso, Italy

Baksan,Russia

Kamiokande, Japan

SNO,CA
Soudan, US
DUSEL,US

CJPL, China

the Chin JinPing Laboratory -......

Underground

v ANU =
Rock Depth Muon Flux
(m) (m2st)
Lo 4.5x1048!

850 (2~4)x103 18I
1700 4.7x1075 31
1400 3.0x104B!
2100 3.03£0.19%10-5 8!
1000 3.0x10-313!
2000 3.0x106B

700 2.0x10-31B!
1478 4.4x10-516!
2400 3.17x10¢ ( simulation )

2.0x10° ( measurement )

Courtesy of Prof. Zeng Zhi, Tsinghua University, Beijing
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neutron flux by muon
(m-Z.S-l )

8.70x-6 14l
( 1.73£0.91 ) x10°8!
5.6x10-261
3.78x10-2 B
1.4x103 ( E>1.0MeV ) [3]
( 8.25+0.58 ) %102 ( thermol ) B!

( 11.5+1.2 ) x102 ( non-
thermol ) [3!

4.7x102 ( thermol ) B!
4.6x102 ( fast ) 31

8.37x107 ( simulation )
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> Introduction to Germanium Detectors
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Widely used in nuclear physics experiments and DM searches

> Concept:

> Semiconductor diodes with p- or n- structure

> Reverse biasing

> Sensitive to ionizing radiation

> Depleted,sensitive thickness of several cm
(for Si only mm)

> Cryogenic Temperatures

> Advantages:

~ Measurement of low levels of radioactivity
> High gamma-ray detection efficiency
> Excellent energy resolution (~keV)

Wos072013 Wi o PSR




Planar Point-contact Closed-ended True-coaxial
coaxial

> Electrode configurations for coaxial detectors:

Lithium Boron

Diffusion Implantation
Layer (~um)
(~mm)

n* contact p* contact

Source: Med Phys 4R06/6R03 Radioisotopes and Radiation Methodology
Chapter 8: "Hyper-Pure Germanium Detector”
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> Project description:

> Muon-induced neutrons
~ Cosmogenic neutrons
> Study of the effect of different materials

> Challenge:
> Can we actually distinguish the muon-induced from

the cosmogenic ones?
» The Background can be too high

> Future?:
> Move 1in a shallow underground lab (CJPL??
- Improve the experimental setup

B28/07/2013 Matteo Palermo B
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~ Project Description:

> The muon-setup
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the idea

Scintillator

PMT

Scintillator
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the idea

Scintillator

PMT

Scintillator
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eXtended Range GeDet

Electrical
Feedthroughs

Preamp
Housing

Fill'Vent Tubes

(Molecular

Swﬂm-mhxxth

3
L

[

(
/

Superinsulation —/|

Detector Holder

End Cap

Tailstock

LM Transfer
Collar

MNeckiube

Matteo Palermo

Resolution: 2 keV @ 1.33 MeV

p_type n+ contact

Peak/Compton 67:1

Aluminum End Cup
Copper Holder

HV = +3000 V

Charge sensitive pre-amp

* p+ contact

Diameter 6.9 cm

Lenght 7.2 cm

Outer electrode (n+) 0.6 mm
Inner electrode (p+) 0.3 um




* Lead:
* thickness 10.5 cm
°* height 28 cm

* Copper shell:
* Thickness 0.4 cm

°* Scintillator paddles:
e 12 x 21 x 2 cm’
* distance 48.5 cm

* DGF Pixie-4 (high precision)

* Sampling frequency 75 MHz

* Spectra: 16-bit precision up
to 32K channels

Matteo Palermo



* Lead:
* thickness 10.5 cm
* height 28 cm

* Copper shell:
* Thickness 0.4 cm

°* Scintillator paddles:
e 12 x 21 x 2 cm’
* distance 48.5 cm

* DGF Pixie-4 (high precision)

* Sampling frequency 75 MHz

* Spectra: 16-bit precision up
to 32K channels

Additional plastic end-cup covered with black tape
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* Lead:
* thickness 10.5 cm
°* height 28 cm

* Copper shell:
* Thickness 0.4 cm

°* Scintillator paddles:
e 12 x 21 x 2 cm’
* distance 48.5 cm

*°DAQ:
* DGF Pixie-4 (high precision)
* Sampling frequency 75 MHz
* Spectra: 16-bit precision up
to 32K channels
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~ Project Description:
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> The AmBe measurement

>

>
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/.

Iron Barrel

Paratfin Collimator

j —

AmBe Source
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Neutrons Per 10° Alphas (MeV™')

Neutron Energy (MeV)

Iron Barrel

Paraffin Collimator

* 1.1 GBq

* Am-241 - 432.2 y half life

j —

AmBe Sowrce

— e-excitation gammas

Characteristics of Be(e,n) sources.

Source E, Yield per 108 alphas Fraction with En
(MeVY) En<1.5 MeV
This work  Maximum Y from This work  Literature This work  Literature
experimental eq. (7) (%) (%) (MeV) (MeV)
1 2 3 4 5 6 7 8 9
241Am-Be 5.48 82+8 70 £318) 72 1442 1525) 4.46 3.927)
2321 4.328)
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~ Project Description:

>

>

> Neutrons Interactions
>
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> Elastic Scattering:

n+‘§N—>n’+§N

> Inelastic Scattering:

NNNNNNN

NNNNNNN

n+y N — (GTIN) -0 +3 N+ 4

n+5 N — (§+1N)* —n' +”§+1 Nt +e”

> Thermal Capture:

n+5 N =0T N 4y

> Transmutation:

n+§N—>§_1N+p

n—l—éN%éig’N—l—%a

> Fission:

n—i—éN—éiX—b—éiY—b—n

NNNNNN

N3
e

i

& “\.
\

e

Matteo Palermo




> Elastic Scattering:

NNNNNNN

Recoil

Nucleus /
L
\

2

> Inelastic Scattering:

O

Neutron

Nucleus

8 & {w% %
8

> Thermal Capture:

Neutron (e) (e)
O
IH i

Neutrons Interactions

(V)]
Q
-
4
-
LU
“ recoil
|Energy|
v
Q
-
4
(0
Erecoz'l + E}'
I Energy
Y
Q
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e
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LL
Y
' | Energy |
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~ Project Description:
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> First results
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Background Subtracted =
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74Ge (139.8)
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70Ge (198.3)

70Ge (174.8)

— — 4

-~
)

326.0 keV Ge-70 thermal

10°

280 290 300 310 320 330 340 350 360 370

Fitted Energy
keV]|

Fitted FWHM
keV]

Interaction type

326.0 £ 0.1

0.7 £ 0.1
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{%@? 0-0.8 MeV

'596.0 keV Ge-74 inelastic, 609.2 keV Ge-74 inelastic
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keV]| keV]
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{% &) 1.5-2.5 MeV
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> Summary:

> Muon-induced neutrons

- Cosmogenic neutrons

> Study of the effect of different materials

> Reference measurement with AmBe neutron source

> Outlook:

> Perform simulations (y-n discr., n time delay)
> Move 1in a shallow underground lab (CJPL??
> Build a neutron spectrometer (CJPL)

Matteo Palermo B
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~ = StBkg 596.0 keV Ge-74 inelastic, 609.2 keV Ge-74 inelastic
—— Bkg

—— Bkg-Subtracted

counts/h
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Plastic scintillators + PMTs

BHNGEE + B EEE

Plastic tanks filled with water

RAKBI TR B

Lead bricks :
-

Ge detector Neutron detector

= LI 2% oh 7§59 500 28

DAQ
BIBERFRG
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Cross Section [barn]

10 15
E. [MeV]
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20

Total cross section
Elastic scattering

Inelastic scattering

Total reaction cross section




concrete
1.9 ppm U + 1.4 ppm Th 10"
— 1.9 ppm U - sponlanecus fission
momom 1.8 ppm U - (@,n) reactions
« 1.4 ppm Th
---------------- rock - 0.84 ppm U + 2.45 ppm Th

=i
=
=
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=
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=
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flux from rock
flux from rock beyend 30 cm of concrete
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i

Flux [neutrons - keV ' s1. cm*]
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o

== flux from concrete
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Tomasello et. al., Radioactive background in a cryogenic dark matter experiment, Astro. Phys., Vol 34, 2010
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FWHM vs Energy (Gain3 & Gain6, gausian+something)

+ Gain 3
* Gain 6

"

1 Al

T ]
Al

A
]
U,

||||‘||||||||||||||||||||||||||||||||||||
[ ; b ; |
I

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Energy [keV]



Natural Germanium

Isotope |Atomic mass (mg/u) |Natural abundance (atom %)
OGe 69.9242497 (16) 20.84 (87)
2Ge 71.9220789 (16) 27.54 (34)
BGe 72.9234626 (16) 7.73 (5)
MGe 73.9211774 (15) 36.28 (73)
5Ge 75.9214016 (17) 7.61(38)
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Peaks due to neutron interactions

Fitted Energy | Fitted FWHM | Interaction type | Threshold
[keV] [keV] [keV]

139.6 + 0.0 0.6 + 0.1 “Ge(n,y™) -
174.8 + 0.1 0.5 + 0.2 0Ge(n,n'y) ?
198.3 + 0.0 0.6 + 0.0 0Ge(n,y™) =
326.0 + 0.1 0.7 £ 0.1 M0Ge(n, ) .
500.0 + 0.1 0.7 £ 0.1 0Ge(n,y) 2
574.8 + 0.4 0.7 + 0.4 "Ge(n,v) -
596.0 + 0.1 0.6 + 0.1 "Ge(n,n'y) ?
609.2 + 0.2 1.0 £ 0.3 "Ge(n,n'y) ?
662.4 + 0.1 0.7 + 0.1 140¢¢e(n, ) -

691.8 + - . 2Qe(n,n'e) 2]
708.3 + 0.2 0.7 + 0.1 BCI(n, ) =
831.6 + 0.4 0.9 + 0.4 NGe(n,y) -

834.1 + - : 2Ge(n,n'y) ?
843.9 + 0.4 0.7+ 03 27 Al(n,n'y) ¥
846.9 + 0.1 0.8 + 0.1 b Fe(n,n'y) ?
868.2 + 0.1 0.8 + 0.2 BGe(n,v) %
962.0 + 0.2 0.7 + 0.2 B3Cu(n, n'y) ?
1014.6 + 0.3 0.9 + 0.3 27 Al(n,n'y) 7
1096.8 &+ 1.1 14 + 04 0Ge(n,) =
1139.7 + 0.4 0.9 + 0.3 MGe(n,) -
1165.0 + 0.4 1.0 + 0.4 BCl(n,v) .
1201.6 + 0.1 0.8 + 0.1 DEP of 2223.2 =
1204.4 + 0.4 0.9 + 0.4 BGe(n,) -
1298.7 + 0.3 0.8 + 0.4 DGe(n,) 2
1327.2 + 0.4 0.9 + 0.4 63Cu(n, n'y) ?
1712.3*+ 0.1 1.4 + 0.1 SEP of 2223.2 .
1778.8%+ 0.3 1.0 £ 0.3 27 Al(n, ) %
2223.0%+ 0.0 1.2 + 0.0 'H(n,7) -

*These peaks where fitted on the gain 3 spectra,
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n+ (Li)
~ 2 mm
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7, Inelastic Scattering Distribution
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localized deposit several deposits
single site event multi site event
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localized deposit several deposits
single site event multi site event
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Simulation =

-~ Energies:
> meV: 1,10,100

> eV: 1,10-100 (10 eV step)
- > eV: 100-900 (100 eV step)
> keV: 1,10-100 (10 keV step)
> keV: 100-900 (100 keV step)
v - MeV: 1,10-100 (10 MeV step)
BN
[ Ge-76 J4cm > 1 million events
7.5 cm

~ Total energy deposition
(Thr 1 keV)

Courtesy of B. Doenmez, MPP Muenchen
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Energy spectra (meV range) e 100meV
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{@ Conclusions ZZ

W23072013 Wi o PSR

In terms of background contribution due to
neutrons in the ROI for 0Ov2p decay
the neutron energy ranges of meV and MeV (+600 eV)
are basically the same

BUT

we expect less neutrons in the MeV range than in
the meV range

THEREFORE

It might be better to keep few MeV neutrons rather
than several meV neutrons

To be kept in mind in the choice of the shielding!




Muon-induced Neutron Flux —.....

A neutron detector, which is able to measure the neutrons
energy, can be used to:
-~ Improve the understanding of muon-induced shower

via measuring the neutron flux emanating from:
- Lead

> Copper
> Cryogenics Liquid
> Rock

Target >
Plastic scintillator -------- > \
Y Neutron detector
msEo72013 0 WEico PaleTiR S




Muon-induced Neutron Flux —.....

A neutron detector, which is able to measure the neutrons
energy, can be used to:
-~ Improve the understanding of muon-induced shower
via measuring the neutron flux emanating from:

- Lead
> Copper
> Cryogenics Liquid
> Rock
> Test shielding properties of selected materials
Plastic scintillator - > l? v Shield
n
Target >
Plastic scintillator ---—----—-- > \

Neutron detector

I28i07/2013 2 Matteo Palermo B
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Neutrons Interaction Probability with Ge-76
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| Energy Spectrum |

Ge-72

Courtesy of B. Doenmez, MPP Muenchen: 5x5x5 cm?®, E=0.024 eV, 1 million neutrons
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Thermal Neutrons
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eutron detection principle

* The neutron loses about
p v half its energy per
scatter

Recoil protons scintillate,
producing light which is detected
by PMTs

msso70013 0 Wi o PSR



Neutron detector

The UMD-NIST Fast Neutron Spectrometer

Total Active Volume: 18L Plastic
Scintillator

-

PMTs

He3

Proportional
Tubes (x6)

el 1

UVT Light Guide
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WA Side view

left
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Neutron spectrum @ the detector surface

MNumber of Entries

3,

L.-I-P'fl]lll

2

2

10°

10

—

‘:‘_|||||||

T

- /j

100
energy (Mev)

* Generated muons ~ 10°
* Neutrons at surface ~ 6x10°

°* Probability to have a neutron
onto the detector ~ 6.2x10°°

* Expected trigger rate ~ 1 Hz

* Detector efficiency between
0.01 — 0.1

* Neutrons measured after one
week ~ 38 - 385

Possible idea to enhance the rate: having a bigger trigger surface
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‘@? Global Results (3)

10 « global

After 260 cm = charged

+ neutral

neutrons

gammas

neutrinos

0 100 200 300 400 500 600 700 800 900 1000
energy (Mev)
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proton @ 10 GeV : particles # distribution vs step




o Global Results (6) 3

proton @ 10 GeV : particles # distribution vs step
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