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� Required sensitivity (Table 3 at TDR, arXiv:1202.0721v2): 

Screening program

(see complete document at 

http://dl.dropbox.com/u/10977880/NEXT/NEXT100/Screening/RequestLSC2.pdf )

� Program submitted to LSC in March, 2012: “Screening program and 

request for LbGe detectors time t LSC”, NEXT Collaboration 
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� List of  materials to be screened

Screening program
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� Schedule

Detector 1: 

up to August, 2012

Detector 2:

up to July-August, 2012

Detector 3:

from May-June, 2012

A very positive answer from LSC has been obtained: two detectors
are being used and a third one will be as it is operative.

Screening program

Obtained results and the real availability of samples, will impose changes on the plan

To keep up with the fabrication plan of Dice Boards, PV and FC
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152Eu

Anayet T=7164 s

R=345 Hz

Tobazo T=7200 s

R=362 Hz

Oroel T=7137 s

R=403 Hz

Study of detection efficiency

� Measurements

Source: 152Eu (main gamma lines from about 0.1 to 1.5 MeV)

Activity: A=39.65 kBq (30/04/2005)

Position: 25 cm above detector on axis (shield partially opened)

Date: April 2012
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� Absolute (@ 25 cm) and Intrinsic Efficiency

Study of detection efficiency

Area = peak area of a line

I = intensity of the line

T = time of measurement

A0exp(-λt) = activity at the time of 
measurement

Ω = solid angle covered by crystal
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Both Oroel and Anayet show an abnormal decrease of efficiency with energy:

Relative Efficiencies* are below the expected values for 2 kg detectors (100%)

*Efficiency relative to a 3’’x3’’ NaI detector (at 1332 keV and  25 cm)



� Simulation

• Geometry for Ge detectors and shielding 

implemented for GEANT4 applications 

• GEANT4 versions 9.4 and 9.5 tested; no 

relevant differences found by changing Physics 

Lists (G4EmLivermorePhysics, G4LowEnergy_ 

processes)

Study of detection efficiency

• Simulation of individual main gamma 
lines or of the complete 152Eu decay

(using GEANT4 Radioactive Decay 

Model) gives no significant change  

when estimating the probability of total 

absorption 

• Inclusion of a 1 mm dead layer in the 

Ge crystal reduces slightly the efficiency, 

but does not explain the Tobazo/Anayet 

efficency at high energies
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Study of detection efficiency

Multi-

isotope 
block

Anayet T=72000 s

R=259 Hz

Tobazo T=72000 s

R=243 Hz

Oroel T=71601 s

R=252 Hz

Source: multi-isotope block (60Co, 133Ba, 137Cs, 152Eu)

Activity: γ/s quantified (<5%) for main lines

Position: on marinelli, 4 mm above detector

Date: March 2012
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y = 0.375x - 0.021

R2 = 1.000
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y = 0.375x - 0.031

R2 = 1.000
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  � Energy calibration

Anayet

Tobazo

Study of detection efficiency

Oroel

Good linearity observed for all detectors
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 y = 0.0023x + 1.1774

R2 = 0.9632
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y = 0.0022x + 1.4261

R2 = 0.9857
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 .� Energy resolution

Study of detection efficiency

Values estimated at 122 and 1332 keV 

are in agreement with guaranteed 

resolutions by Canberra for all detectors

Anayet

Tobazo

Oroel
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Sample: 40 pieces ~45x45x15 mm3

Mass: 10.2051 kg

Detector: GeTobazo

Time: 11 March – 24 April 2012, 35.61 d

� 10 mm (PV body)

Results: 316Ti stainless steel

Sample: 49 pieces ~45x45x11 mm3

Mass: 7.6837 kg

Detector: GeTobazo

Time: 25 January - 8 March 2012, 33 d

Material: 316Ti stainless steel

Supplier: Nironit

� 15 mm (PV end-caps)

� 50 mm (PV flanges)

Sample: 6 pieces ~45x45x50 mm3

Mass: 4.8159 kg

Detector: GeAnayet

Time: 8 March – 19 April 2012, 34.72 d

S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012



0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0 500 1000 1500 2000 2500 3000 3500

energy (keV)

e
ff

ic
ie

n
c
y

GEANT4.9.4 (G4EmLivermorePhysics) GEANT4.9.4 (G4LowEnergy) GEANT4.9.5

Simulated efficiency:

� 10 mm

Results: 316Ti stainless steel
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Simulated efficiency:

Results: 316Ti stainless steel
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27 d: steel and background (normalized)

channel

Energy (keV)

c
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54Mn: 835 keV

60Co: 1174, 1333 keV

� 10 mm

Results: 316Ti stainless steel

S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012



Results: 316Ti stainless steel

PRELIMINARY !

(Upper limits at 95% C.L.)

Activities: mBq/kg

S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012

U-238/Th-234 < 9.1

U-238/Pa-234m < 15

U-238/Pb-214 < 0.61

U-238/Bi-214 < 0.26

Th-232/Ac-228 < 0.58

Th-232/Pb-212 < 0.54

Th-232/Bi-212 < 1.6

Th-232/Tl-208 < 0.29

K-40 < 0.54

Cs-137 < 0.10

Co-60 = 1.21 0.10

Mn-54 = 0.20 0.03

U-238/Th-234 < 12

U-238/Pa-234m < 18

U-238/Pb-214 < 0.63

U-238/Bi-214 < 0.42

Th-232/Ac-228 < 0.69

Th-232/Pb-212 < 0.78

Th-232/Bi-212 < 1.9

Th-232/Tl-208 < 0.28

K-40 < 0.54

Cs-137 < 0.14

Co-60 = 1.89 0.15

Mn-54 = 0.39 0.06

U-238/Th-234 < 65

U-238/Pa-234m < 79

U-238/Pb-214 < 2.3

U-238/Bi-214 < 1.0

Th-232/Ac-228 < 2.8

Th-232/Pb-212 < 1.9

Th-232/Bi-212 < 6.0

Th-232/Tl-208 < 1.1

K-40 < 1.5

Cs-137 < 0.44

Co-60 = 1.70 0.15

Mn-54 = 0.62 0.10

10 mm 15 mm 50 mm

Including only lines <600 keV

→0.47 →0.76 →3.1

• Lower sensitivity: lower mass, higher 

self-absorption

• Hints of peaks of natural chains



Results of Nironit stainless steel from XENON
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Results of Nironit stainless steel from GERDA
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Material: board-to-board connectors made of Liquid Crystal Polymer (LCP)

Supplier: Panasonic

Sample: 15 units

Mass: 0.67 g (per connector)

Detector: Paquito (University of Zaragoza)

Time: 7.58 d (February 2012)

Results: connectors

S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012



Material: Flexible Printed Circuit & Flexible Flat Cable (FPC/FFC) ZIP 

connectors, made of Liquid Crystal Polymer (LCP)

Supplier: Hirose

Sample: 19 units

Mass: 1.28 g (per connector)

Detector: Paquito (University of Zaragoza)

Time: 6.83 d (March2012)

Results: connectors
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Activities: mBq/unit

Panasonic Hirose

Results: connectors

Activities of several mBq/unit for 232Th, 238U isotopes and for 40K seem to be 

related to LCP material, which should be avoided

Solution: clamp and bonding to make connections at Dice Boards.
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Results: connectors

Material: connectors, made of Liquid Crystal Polymer (LCP)

Supplier: Samtec

Sample: 10 units

Mass: 2.2 g (per connector)

Detector: Paquito (University of Zaragoza)

Time: 13.76 d (2011)
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Other results

S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012

Updated compilation of radiopurity information for NEXT at the 
radiopurity section of the report to the SC of LSC (May 2012)

http://dl.dropbox.com/u/10977880/PUBLICNEXT/LSC/May2012
/radiopurity_report_apr2012.pdf



Other results

S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012



S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012

Other results



Other results
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Results

References at tables
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Next measurements
� Components for tracking plane and electronics

• Capacitors:
• Tantalum: ~300 units being screened by Anayet

• Ceramic: (+ resistors) ready at LSC

• Connectors: from Molex 

• made of LCP, ready at LSC

• made of thermoplastic, ready at LSC

• Cuflon: ~0.5 kg sample cut in Valencia, ready at LSC

Bonding films to prepare multilayer PCB ready at LSC

• Silver epoxy: ready at LSC

• Soldering paste: the one used at IFIC could not be bad

• NTC sensors: ready at LSC

� High density polyethylne:
• From Texas: ~2 kg samples of 2’’ diameter rods ready at LSC

• From in2plastic company (giving best radiopurity, measured by 

XENON): sample being prepared in Valencia

� Other steels:
• S-275 steel for shielding supporting structure?
• 316Ti stainless steel after welding? 
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Summary and outlook

� A detailed screening program using the LSC Ge detectors has been 

defined, taking into consideration the constraints imposed by the construction 

of different basic elements, and submitted to LSC

• Two, even three Ge detectors, can be used simultaneously for NEXT

�The screening campaign at LSC has started, having produced some 

important results, dealing with stainless steel for Pressure Vessel and 

connectors for Dice Boards

• Preliminary numbers will probably have to be revised

• Intensive work will go on for the next months

S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012





Comparison of detector backgrounds

Oroel: 28.74 d

Anayet: 65.42 d

Tobazo: 67.38 d

channel

Energy (keV)

c
o
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n
ts
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Rates 100-600 keV:

Oroel: 0.39 c/min

Tobazo, Anayet: 0.75 c/min

10 vs 5 cm inner Cu shield

• 2011 backgroud measurements for the three detectors
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Energy (keV) Oroel: 28.74 d

Anayet: 65.42 d

Tobazo: 67.38 d

Cosmogenic activation 

peaks (58Co, 60Co, 54Mn) 

only in Oroel

Comparison of detector backgrounds
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Oroel: 28.74 d

Anayet: 65.42 d

Tobazo: 67.38 d

Comparison of detector backgrounds

• 2011 and 2012 backgroud measurements for Anayet well compatible

S. Cebrián, NEXT Collaboration Meeting, Canfranc, 9th May 2012



Measurements at LSC: method

Activity  A from γγγγ spectrometry:

S
net = signal at the γ line after subtracting background

εεεε = detection efficiency at the γ line energy

B.R. = branching ratio of the γ emission
T = time of measurement

Peak analysis: 
When can the gross signal be considered to statistically differ from the 

background signal?
• Limits for qualitative detection and quantitative determination. Application to 

radiochemistry, Ll. A. Currie, Anal. Chem. 40 (1968) 586-377

• Revisiting Currie: how long can you go? Ch. Hurtgen et al, Appl. Rad. Isot. 53 

(2000) 45-40

• Gator: a low-background counting facility at the Gran Sasso Underground 

Laboratory, L. Baudis et al, JINST 6 (2011) P08010

TRB

S
A

net

..ε
=

1 ppb Th = 4 mBq/kg 232Th 1 ppb U = 12.4 mBq/kg 238U 1 ppm K = 30 mBq/kg 40K

0.245 ppb Th = 1 mBq/kg 232Th 0.081 ppb U = 1 mBq/kg 238U 0.033 ppm K = 1 mBq/kg 40K
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Measurements at LSC: method

S. Cebrián, NEXT Collaboration Meeting, Valencia, 3rd November 2011

Detection Limit: true signal that, if present, will be detected with a given probability



Measurements at LSC: method

Efficiency: 
• Curve of efficiency vs energy for each sample based on GEANT4 

simulations including the detection system and the sample:
Intrinsic probability + Geometric factor + Autoabsorption at sample

• Validation using a reference source (60Co, 133Ba, 152Eu, 137Cs): 
analysis pending

S. Cebrián, NEXT Collaboration Meeting, Valencia, 3rd November 2011

Consider the following 

results as preliminary!



Access: http://gifna.unizar.es/nextrp

User: NEXT_Radiopurity
Password: Canfranc

Information on radiopurity

S. Cebrián, NEXT Collaboration Meeting, Valencia, 3rd November 2011


