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> Analysis and (preliminary) results
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. ((ﬂ Why Muon-induced? =

X Ap-Dyz 3£
> Three different sources:

> Intrinsic detector radioactivity

> Environmental Natural radioactivity

> Cosmic Rays-induced showers ﬁ;
(U and V-induced) A;ha

“%:!i"{" Gamma
. Neutnno
> Two different components:

~ Charged -» easy to veto Elektron 0
(beta)

> Neutral -» high shielding power is
required (neutron, gammas)
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S Why MINIDEX?

Perform a measurement to test the
reliability of our Monte Carlo (MaGe)
> Neutrons production (u-induced)

~Neutrons transportation

> Thermal capture (in this case)
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&,/ the working principle 7. .

Water container

Scintillators /

Detector

7

Lead Block
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N Optimization

Water container

Scintillators /

Detector

Lead Block

Errunica
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10 cm of Water is best in terms of 2.2 MeV gamma production
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Optimzation
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As expected, the more Lead the better
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> Two Pulse-Tube Extended Range HP Germanium detectors

(Canberra) \
> Plastic scintillators: /////\\ 75 65
> 2x 5x75x65 cm3 (Saint-Gobain) 5 \

>

>

> Lead and Water \\
> DAQ: SIS3316-DT Fast-ADC (Struck) \

(for details: http://www.struck.de/sis3316.html)

> Additional Electronics:
https://github.com/mppmu/minidex/wiki/Electronics
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http://www.struck.de/sis3316.html

MINIDEX: Geometry

Scintillators Water

Copper

Lead
50.5 cm "r//
=

Y

75 cm
65 cm
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| MINIDEX: Geometry

Scintillators Water

Copper

Detector
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MINIDEX: Geometry

Scintillators Water

Copper
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| MINIDEX: Geometry
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‘\(x MINIDEX: installation

Tobingen Underground Lab
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i MINIDEX: Run 1
TObingen Underground Lab

> MINIDEX Run 1:
> Started on July, the 15th ,2015
> Still ongoing
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> Analysis and (preliminary) results
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> Define a muon-event (trigger) \

time
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(.- Analysis Strategy

A\

Define a muon-event (trigger)

> Open a Time Window (Twin) right after the muon-trigger
to look at the Ge-Dets \

| \

Count the number of 2.2 MeV gamma events into the Ge-Dets
~ INSIDE the Twin - S+B

A\

> OUTSIDE the Twin - B

Outside
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A\

A\

0 Analysis Strategy

/

Define a muon-event (trigger)

Open a Time Window (Twin) right after the muon-trigger
to look at the Ge-Dets

Count the number of 2.2 MeV gamma events into the Ge-Dets
~ INSIDE the Twin - S+B

> OUTSIDE the Twin - B

Evaluate the S/B ratio for different Twin

Outside
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) INCOMING @ GeDet .. .

“ ~ 99.2% arrive before 1 ms
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“ ~ 99.2% arrive before 1 ms
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\
> Only time cut (60 ns) A /

> No Energy cut \
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> Two methods used:

> FIT method

o
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({/ |Count the 2.2 MeV gammas =

> Two methods used:

> BAT method

0
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ps : / /www.mppmu .mpg.de/bat/?page=home
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> Replace the big scintillators (higher eff.)

~ Add 4x 5x75x20 cm3 (Saint-Gobain)

> Integrate a Fast Neutron Detector
(Wang Li, Tsinghua University)

—

~
~
‘~

> Probe other materials (concrete, steel, soil ..)
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| @ * Summary & Outlook =

> Summary:
> Simple and relatively cheap setup

> MINIDEX Run 1 has started (ongoing)

> Visibile pattern (already after 1 month)

> MC reproduces well the time structure behavior
> Two times more signal in the data ?

> Outlook:
> Include the environmental bkg. in the MC
> Upgrades:
> New scintillators
-» cleaner data samples
-» higher efficiency - bkg. reduction power
> Fast Neutron Detector (Wang Li)
> Probe different materials
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(,’;,0 BAT Method
N

P(Rp. Rs|Ng, Np) — P(Nr|Rp, Rs)P(Rs)P(Rg|Ng)
B ARSI B = TP(Np|Rp, Rs)P(Rs)P(Rp|Np)dRpdRs

with i
P(Rp|Np) = P(Np|Rp)P(Rpg)
| |P(Ng|Rg)P(Rp)dRp

Combining

P(Nt|Rp.Rs)P(Np|Rg)P(Rs)P(Rp)

P(Rp,Rs|Np,Nr) = |
(e, Bs\Ne:NT) = T (N | Rp, Rs)P(Np|Rp) P(Rs) P(Rp)dRpdRs

-

oAB )u‘; B vy A;T
| Nyl

P(Np|Rp) = v P(Nr|Rp,Rs) =

P(Rs|Np,Nr) = f P(Rg, Rs|Np, Nr)iRg
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@ Slow Control

> Germanium detectors temperature

- Ambient temperature

> Ambient umidity

> Level and temperature of the water
> High voltages values

> Anything else??

https://github.com/mppmu/minidex/wiki
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7 Simulation Info =

A\

Gean4d 9.6 (neutrons database has been presumably improved wrt 9.4)

> MaGe

A\

Particle injected: mu+

> Muon spectrum: @ Sea level starting from 1.897 GeV (amMs-02 during

commisioning)

> Shooting direction distribution: NO angular distribution included

> Bertini Cascade ON

Matteo Palermo



.|l$‘h AFA7>}Lf‘

> High Z material -» good neutron production

> Often used in Low Background Experiments

In the future, different materials can be used:
> Soil
- Stainless Steel

> Concrete

R Wi PolTR




n OUT from Lead
n OUT from Water
n IN @GeDet

2.2 y OUT from Water

2.2y IN @GeDet
2.2 Y IN @GeDet
after 1 ms

2.2 y Detected by
GeDet

(7]  Efficiencies Results =

Efficiency
(tot ev.: 1.59998e07 )

2.8x10°

4.0x10°3
8.9x10*

6.8x10™

1.4x10™

1.1x10°

7.7x10°
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Water OK:

- Y energy

- thickness




Efficiencies Results

n OUT from Lead
n OUT from Water
n IN @GeDet

2.2 y OUT from Water

2.2y IN @GeDet
2.2y IN @GeDet
after 1 ms

2.2 y Detected by
GeDet

Efficiency
(tot ev.: 1.59998e07 )

2.8x10%

4.0x103
8.9x10™

6.8x10™

1.4x10*

1.1x10°

7.7x10°
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~ 22%
hitting the
detector




n OUT from Lead
n OUT from Water
n IN @GeDet

2.2 y OUT from Water

2.2y IN @GeDet
2.2y IN @GeDet
after 1 ms

2.2 y Detected by
GeDet

((g Efficiencies Results =

Efficiency
(tot ev.: 1.59998e07 )

2.8x10%

4.0x103
8.9x10™

6.8x10™

1.4x10™

1.1x10°

7.7x10°

Matteo Palermo

~ 0.8%
=> most YS

arrive
before 1 ms




((g Efficiencies Results =

Efficiency
(tot ev.: 1.59998e07 )

n OUT from Lead 2.8x10

n OUT from Water 4.0x10°3

n IN @GeDet 8.9x10™

2.2 y OUT from Water 6.8x10™
2.2 y IN @GeDet 1.4x10*
2.2 y IN @GeDet 1.1x10°

after 1 ms
2.2 y Detected by 7.7x10°

GeDet
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~ 0.8%
=> most YS

arrive
before 1 ms




| MINIDEX: Geometry
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> Integrated 2.2 MeV gamma yield per muon
DEPOSITING FULL energy into Ge-det ~ 7.66x10°°
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| & Fast Neutron Detector

* Shipping issue at the moment
* Quartz glass container

* EJ335 liquid scintillator
(organic)

* 2 PMTs

¢

030cm
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* Shipping issue at the moment
* 2 Quartz glass container

* EJ335 liquid scintillator
(organic)

* 2 PMTs

* Aluminum or Copper flange
* It will be placed inside a

steel container
1295x570x935 mm3, 2 mm thick

Matteo Palermo




Q(” Fast Neutron Detector
Where do we want to place it?

> Right next to MINIDEX (neutrons production ~6e-3)

> Inside the Lead
withOUT the water and withOUT its steel container

MO



(7 Signal Rate Estimates

> Measured Muon Flux @SUL @Hbgnggﬁgg?n—ﬁs—l

> Estimated muon flux geometrical reduction ~ 1/27.3

- Estimated muon trigger-flux f”mﬁrgﬂj ) =

1.05

t
£)

h -

L=

> Trigger Area = 65x75 cm2

- Estimated 2.2 MeV detection efficiency ~ 7.66x10°°

- Estimated Signal Rate ~ 28 events/month

Matteo Palermo




(( 7 | Background Rate Estimates

.|lﬁ‘h AFA7>}Lf
> How much underground? ==> ~ 8 m (13.2 m w.e.)
> u flux ~ 6x107° em? s ~ % u flux @ sea level

> n_tot flux ~ 3+2 x10° cm™® s
~ 10> n flux @ sea level

==> S/B ~ 50 times better

> Do we need a bkg measurement (without the Lead)?

We might estimate it from the non-trigger events
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the idea

Scintillator

PMT

Scintillator
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Table |
Neutron spectrometer characleristics

Spectrometer Typical characteristics [or

No. Type Rel. Energy range Resolution Detection elliciency
(MeV) {(FWHM)

1 Recoil proportional counter 127] 0.05-5 1 10%" 3%

2 O ganic scintillator [31] 2-150 8 4%" 20% |

3 Recoil proton Lelescope [43] 1-250 60 4% <0.05%

4 Caplure-gated [49] 1-20 5 50%" 1%

5 *He gridded ionization chamber [61] 0.05-10 1 2%" 0.3%

6 ‘He-semiconductor sandwich [64] 0.1-20 | 50 keV*® 0.1%

7 Diamond semicond uctor [68] | 14 1%" 1%

8 Time-ol-fMlight [74) 1-15 295 5%"° 0.05¢m

9 Foil radicactivation [79] 02-20

10 Superheated drop (bubble) [82] 0.1-20

11 Multisphere [21] 107*-200

“Pulse height resolution.
" Energy resolution.
“Time-ol-flight resolution.
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{AUY

{ ack Of The Envelope Calculation

> Estimated Trigger Rate ~ 0.2 Hz

> Run Time ~ 15 days
==> Estimated # of Trigges ~ 3x10°

> Full energy deposition detection eff. @2.2MeV ~ 107°
> Estimated signal events ~ 0.3 ev/1l5 days
> Estimated # of BKG events (1 ms win) ~ 10 ev/1l5 days

==> increase trigger rate
==> bigger trigger area

==> reduce the BKG

==> go shallow underground

Matteo Palermo B




(o7 Simulation Info =

A\

Gean4d 9.6 (neutrons database has been presumably improved wrt 9.4)

> MaGe

A\

Particle injected: mu+

> Muon spectrum: @ Sea level starting from 1.897 GeV (aMs-02 during

commisioning)
- Physics list used: qgsp hadron list
> Muons generation plane == uppuermost scintilator surface

> Shooting direction: vertical

601 3 afis 1 i:do [ Wi PolTR
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{{ Efficiency Resulits =

~ integrated 2.2MeV gamma yield per muon
DEPOSITING FULL energy into Ge-det ~ 2.5x107
- Estimated muon flux @ SUL(CJPL) ~ 7x10> cm™? s
> For 100x50 cm’ scintillator area ==> 0.35 Hz
- Assuming that are all energetic enough
==> 1] mu every ~3 s
==> 2 events every 3 days

==> Not doable!!!

==> Need ~ two order of magnitude higher flux
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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—‘%N%éi‘%N—l—%a

> Fission:

n—i—‘}N—#%X—b—éiY—b—n

NNNNNN

N3
e

i

& “\.
\

e
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Peaks due to neutron interactions

W o7 p ' Fitted Energy | Fitted FWHM | Interaction tyvpe
| I ”/ keV] keV]

”’ ‘ 139.6 0.6 + 0.1 "Ge(n,y™) '
"lt‘h 174.8 0.5 + 0.2 MGe(n,n'y) £

198.3 0.6 + 0.0 MGe(n, v™)

. . 326.0 0.7 £ 0.1 MGe(n,v)

> InelaStlc Scatterlng: 500.0 07 + 0.1 MGe(n,v)

574.8 0.7 + 04 "Ge(n,)

"Ge(n,n'y)

Recoil 596.0 0.6 + 0.1
600.2 10403 “@Qe(n,n'y)
Nucleus / 662.4 0.7+ 01 M0eln, Y)
601.8 - 2Ge(n, n'e)
O 708.3 0.7 + 0.1 BCI(n,)

Neutron % 831.5 0.7 + 0.5 0Ge(n, )
834.1 - 2@Ge(n,n'y)
843.9 0.7 +£0.3 27 Al(n,n'y)

& 846.9 0.8 £ 0.1 % Fe(n,n'y)
co il R68.2 0.8 + 0.2 BGe(n,v)
962.0 0.7 £ 0.2 BCu(n, n'y)
1014.6 0.9 + 0.3 2T Al(n,n'y)
1096.8 14404 DGe(n,
> Thermal Capture s 1139.7 0.9 + 0.3 WGEEH,:;
8 1165.0 1.0 £ 0.4 BCI(n,)
1201.6 0.8 + 0.1 DEP of 2223.2
1204.4 0.9 + 0.4 BGe(n,)
Neutron &) (&) 1298.7 0.8 +04 WGE(H,TJ
) 1327.2 0.9 + 0.4 83Cu(n, n'y)
712.3% 1.4 + 0.1 SEP of 2223.2
i 1778.8* 1.0 + 0.3 27 Al(n, )
2223.0* 1.2 £ 0.0 1H(n,v)

Matteo Palermo *These peaks where fitted on the gain 3 spectra.




> Elastic Scattering:
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- Integrated neutron yield per muon ~ 0.7x107'

> but on average ~ 3.4 neutrons/interaction
==> not every 10th muon produces neutrons

Matteo Palermo
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Resolution: 2 keV @ 1.33 MeV

P_type n+ contact

Peak/Compton 67:1

Aluminum End Cup
Copper Holder

+3000 Vv

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
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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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AmBe Source
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Measured Energy Spectrum
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Widely used in nuclear physics experiments and DM searches

> Concept:

> Secmiconductor 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)

R g PSR JE——




L Germanium Detectors =

> Detector configurations:
==
> L

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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Cross Section [barn]
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—— Total cross section

Elastic scattering
Inelastic scattering

Total reaction cross section




Natural Germanium

Isotope Atomic mass (Ing/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)

Matteo Palermo




| groove

n+ (Li)
~ 2 mm
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i{- 7 Inelastic Scattering Distribution
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