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OUTLINE

1.) Radiological Model and Inputs from Screening

2.) Purity Modeling and Monitoring

3.) Cleanliness Control
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1.) Radiological Model and Inputs from Screening

=> Requirements on Radiopurity driven by intrinsic Ar -39 level in LAr (1.01 Bq / kg)

(would require Manhatten-Project style effort to mitigate for DUNE)

- Radiological control is crucial for far detector 

(not so critical for ProtoDUNE )

- Opportunity : use ProtoDUNE to validate that Ar -39 remains the by far 

dominant radiological background (and not some unexpected contamination)

=> Propose to continue with alpha - and gamma -screening of 

radiologically critical detector components for far detector AND ProtoDUNE

to be used as inputs for radiological model

- Full -blown radiological model is condensed into one LArSoft fcl producer file 

to be provided as input for SNB, DAQ, cosmogenics , atmospheric nus, pdk etc.

- LArSoft simulations with full -blown radiological model ( -> Jason Stock) 

will validate/refine requirements set on various radiological backgrounds
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sample: Current Inc., C770 ESD (Electro -Static Dissipative material), G10/FR4 (glass/epoxy)

weight: 89.0 g

live time: 830876 s  

detector: GePaolo

radionuclide concentrations:

Th-232:

Ra-228: (54 +- 8) mBq /kg <==> (13 +- 2) E-8 g/g

Th-228 (49 +- 6) mBq /kg <==> (12 +- 2) E-8 g/g        

U-238:

Ra-226 (47  +- 5) mBq /kg <==> (3.8 +- 0.4) E-9 g/g

Pa-234m < 0.52 Bq/kg <==> < 4.2 E-8 g/g

U-235 < 6.9 mBq /kg <==> < 1.2 E-8 g/g

K-40: (4.9 +- 0.3) Bq/kg <==> (1.6 +- 0.1) E-4 g/g

Cs-137 < 3.7 mBq /kg        

upper limits with k=1.645, 

uncertainties are given with k=1 (approx. 68% CL); 

Ra-228 from Ac -228; 

Th-228 from Pb -212 & Bi -212 & Tl -208; 

Ra-226 from Pb -214 & Bi -214; 

U-235 from U -235 & Ra-226/Pb-214/Bi -214

========================================================================

G10 & FR4  g-screening results with low -background Ge -detector at Gran Sasso

(Claudio Montanari )

1.1) Field -Cage and Cathode (3 mm thick G10 for now)

Dominant background as input: 

Ý 4.9 Bq/kg measured for K-40

(if Al profiles: only tens of mBq /kg 

Co-60 & K-40 expected, 

but could be high in uranium)

G10 & FR4 a/b-screening with AlphaBACH at SDSMT (Juergen Reichenbacher): 

measured a-activity

on surface 

(native+precipitated +

+plated -out radon 

daughters) 

is <<200 mBq / m2

(requirement)

ACS grade isoprop , methanol 

and acetone ok for cleaning 

(also DI -water)

No acid for cleaning 

of G10 & FR4!
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First Results for Cleaning Liquids Screening with AlphaBACH :

1 mBq /kg Pb -210  <->  3.54 x 10-19 g Pb-210/g  !!!

100 ml ACS grade acetone 13 months old  (measured for 6.9 days): 

Pb-210:  (0.57 +/- 0.38) mBq /kg  (<1.05 mBq /kg @90%CL)

100 ml ACS grade isoprop 6 months old  (measured for 3.0 days): 

Pb-210:  (2.1 +/- 0.9) mBq /kg  (<3.2 mBq /kg @90%CL)

100 ml ACS grade methanol 6 months old  (measured for 2.5 days): 

Pb-210:  (1.9 +/- 1.0) mBq /kg  (<3.2 mBq /kg @90%CL)

100 ml DI water 6 months old  (measured for 3.5 days): 

Pb-210:  (0.35 +/- 0.55) mBq /kg  (<1.04 mBq /kg @90%CL)



1.2) Surface Assay Techniques -Plate-Out

SDSMT bulk Ŭ/ɓscreener AlphaBACH :

ïLarge vacuum chamber instrumented with 

large area Si detectors

ïSensitive to 210Po Ŭôs 

and 210Bi ɓôs

ïPrototype built and commissioned. 

Upgrade to full detector in progress

ïLZ titanium plates screened with a 

measurement uncertainty of 1.4 mBq /m2

(210Po, 2 weeks)

ïIntrinsic background (0.6 +/ - 0.9) mBq /m2

(210Po, 1 month)

prototype
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1.2) Prototype AlphaBACH

(Alpha - Beta-Radiation Assay CHamber )

Exposed glass slides for LZ cross -calibration 

& Screening of DUNE photon detector bars

Large 2 ft x 2 ft x 2 ft vacuum chamber 

with front loading mechanism that 

can screen large objects of any geometrical shape for 

alpha - and beta -radiation 

with an achieved sensitivity of ~1 mBq/m^2 for Po -210

Prototype equipped with 2x 50 cm^2 Si -detectors 

that probed all positions and orientations 

and calibrated with Pu -239 and Cf -252 alpha sources 

(here at 1 ft distance from vertical Si -detector)



1.2) CDMS Detectors Easily Fit into AlphaBACH :
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1.2) Time-Stability of Intrinsic Background of

Alpha -Beta-Radiation -Screener

Buzz Aldrin attracted alumni 

inadvertently switching on lights in lab

(discard that data from set)
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1.2) Time-Stability of Intrinsic Background of

Alpha -Beta-Radiation -Screener

>3soutlier 

(discard that data from set)
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1.3) Eljen -280 WLS strips (from IU): 

Surface Counting w/ Alpha -Beta-Radiation -Screener



15-May-2017 J. Reichenbacher (SDSM&T) 12

1.3) Eljen -280 WLS strips (from IU): 

Surface Counting w/ Alpha -Beta-Radiation -Screener

-> samples failed 200 mBq / m^2 prelim. requirement on plate -out

-> follow -up with IU

1.5 Bq / m^2
(Am-241? Rn-222?)

(Pu-239 calibration peak)
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1.3) Surface a-Activity on Photon Detectors

a/b-screening with AlphaBACH at SDSMT: 

Eljen -280 WLS strips (directly from Eljen) 

meet quality assurance (QA)

(~requirement of <200 mBq / m2 for radioactive plate -out on 

surfaces, e.g . from radon daughters)

Input for radiological model: 

200 mBq / m2 a-activity uniformly distributed across surfaces
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1.3) Surface a-Activity on Photon Detectors

Quality control (QC) by 

a/b-screening with AlphaBACH at SDSMT: 

Eljen -280 WLS strips , coated TallBo plates & 

heat shrink contaminated during handling at IU, 

although 1000x below NRC swipe sample 

sensitivity 

(but 1000x above AlphaBACH sensitivity) 

In addition heat shrink shows excessive 

triboelectric effect, 

prolifically attracting radon daughters from air!

1.5 Bq / m2

(Am-241 

contamination)

(Pu-239 

calibration peak)


