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From pellet to LEGEND  component 
[1]

Finished PEN parts

wash & nitric acid leach in a cleanroom

Acquiring PEN pellets

TN -8065 SC Teijin -DuPont

Cleaning of pellets

• LEGEND -200
mild wash (IPA & DI water)

• LEGEND -1000
wash and nitric acid leach

Machining PEN parts

CNC machine in a laminar flow hood
and with cleanroom equipment

Molding into disks

injection molding in a cleanroom

Contact: andreas.Leonhardt@tum.de

Qββ

Poly(ethylene naphthalate )
PEN is a commercially available polyester that 
can be acquired as a granulate, filament,  or a
pre-extruded thin film.

It intrinsically scintillates  and shifts UV light to 
the visible blue (380 –  550 nm). Its structural  
properties excel at cryogenic temperatures [1].

42K mitigation with PEN
Beta decay of 42K  (Qβ = 3525 keV) is 
background in ROI if not mitigated.

In L -200, Nylon Mini Shrouds (NMS),
coated with a wavelength shifter (TPB),
block 42K drift in  HPGe detectors.

L -200 Alternative:
PEN thin films

Nylon Mini Shrouds

• limited self -vetoing

• composite structure

• flaking of WLS

• no cleaning after 

production

PEN Shrouds

• bulk scintillator

(self -veto)

• single component

• no flaking off

• post -production cleaning

Cleaning & Assay of PEN Films
Goodfellow PEN Film 75 µm

• Wash in 1% micro90  solution

• Leach in 20% nitric acid for 24 hours

• Soak in DI water for 24 hours

• Dry in nitrogen purge

ICP -MS natK [ppb] 232 Th [ppt] 238 U [ppt]

Dirty film 172 ± 15 28 ± 2 11.8 ± 0.7

Leached film 94 ± 15 1.8 ± 0.4 1.9 ± 0.5

L -200 NMS 94 ± 28 75 ± 23

Optical Performance of PEN Shrouds

PENS

1 inch
PMT

241 Am

⍺

Dark Box
Leached PEN films have  
(98.7 ± 1.5)% light yield
of unleached  PEN films 

Scintillation

Transmission
75 %

64 %

In-situ testing of PEN Shrouds

Searches for 
Neutrinoless Double -

Beta Decay (0νββ)
in 76Ge (Q ββ  = 2039 keV).

Optically active 
materials  support the 

LAr  detector.

200 kg 1,000 kg

2.0 x10 -4 1.0 x10 -5

Ge detector

Background Index

counts keV -1 kg -1 yr -1

R&D on PEN components

Gamma screening Activity [ mBq /kg]
228 Th (0.2 ± 0.1)
226 Ra (0.3 ± 0.1)
40K (1600 ± 400)

228 Th (0.032 ± 0.016)
226 Ra (0.060 ± 0.015)
40K < 0.24

228 Th < 0.85
226 Ra (1.6 ± 0.2)
40K < 19

Gamma screening Activity [ mBq /kg]
228 Th < 0.48  mBq /kg
226 Ra < 0.36  mBq /kg
40K < 4.1 mBq /kg

Trigger
SiPM#2

Am -241 
60 keV γ

Peripheral 
SiPMs

PEN 
Film

blue 
light

VUV 
light

#1

Light 
Source 
Cover

Pulses per 
Trigger in SiPM 
#4

no film 0.198 ± 0.002

PEN 
Shroud

0.192 ± 0.002

L -200 
NMS

0.326 ± 0.003

Next steps
Fully integrated test
with HPGe detectors
& LAr  light readout
in the SCARF  test 
stand at TUM 
(42Ar/42K-spiked [4])

3D-printable PEN filament

commercially available or extruded  
from qualified PEN granulate .

Shows comparable optical 
properties  to injection -molded PEN 

LEGEND -200 LEGEND -1000

LLAMA [3]
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