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Background Reduction Strategy

Gran Sasso National Laboratory (LNGS)
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Background Reduction Strategy

Cosmogenic activation
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Background Reduction Strategy

e Shield Cosmogenic activation

» Detect gE Sk
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Background Reduction Strategy

« Shield vV Cosmogenic activation
- Underground .. .

- Detect oo AEY
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Detecting Background Radiation

 Active material — secondary
detectors

 Events in coincidence
* Remove from data set
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Detecting Background Radiation

>
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Minimizing Background Radiation

Banana PEN Baseplate
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Minimizing Background Radiation

Bapa_na PEN Baseplate
Activity:10 Bq Activity: 106 Bq
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Minimizing Background Radiation

» Surface cleaning
» Careful handling

e’ " ™« Reduced natural
= 7 activity

Banana PEN Baseplate
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(Organic) Scintillators

* lonizing radiation excites
molecules

\f\ﬂ/\m
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(Organic) Scintillators

Wy

* lonizing radiation excites ' |
molecules 5, . S'”gA'et
* Molecules relax to first excited
state g s L E—
» Fluorescence: emission of photon )
from singlet excited state 51“
S,

 Phosphorescence: emission of S, Sv—p
photon from triplet excited state

Absorption

Fluo

Triplet
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(Organic) Scintillators

* lonizing radiation excites
molecules Sy s

 Molecules relax to first excited

Wikipedia

state 3 I I Stokes shift Wikipedia

<>

» Fluorescence: emission of photon
from singlet excited state SN W |1

- Phosphorescence: emission of S T
photon from triplet excited state
- 4;0 . 5(I)0 . 550 6(I)0 . 6;0 . 700

* Stoke’s shift
» Difference of maximum absorptiOn SR :::‘iY:: Wavelength (nm)
A to maximum emission A :

- Absorption Emission
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(Organic) Scintillators

 Some Quick Definitions

* Peak emission S,

« Wavelength where emission intensity A Wikpedia
IS maximal

° Wavelength shifting (WLS) s, 17T [ Stokes shift Wikipedia

<>

« Absorbing a shorter wavelength and
re-emitting a photon in the emission || .
spectrum R

« Photons per MeVee S, A

« # photons emitted for every MeV of
energy deposited in the scintillator by Fluordscénce
electrons N L

.. 450 500 550 600 650 700
» Quantum efficiency (QE) RN ] AT Wavelength (nm)

- Ratio of photons emitted to photons R A A

absorbed 5

- Absorption Emission
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PEN as a Scintillator

« Commercially available
polyester

n

Poly(ethylene 2,6-naphthalate)
(PEN)
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PEN as a Scintillator

L « Commercially available

:Z QQ o/ polyester
- O —

;  Peak emission at A ~ 425 nm
RS GERERS . Best sensitivity for photon
detectors

— Excitation Spectrum : Wikipedia
—— Emission Spectrum B StOkeS Shlﬁ P

<>

>

- Absorption Emission

_0'01|A|11|1||||1|||||||1| |||||||| | TS T B

|
250 300 350 400 450 500 550 600
Wavelength (nm)

Wavelength shifting of PEN from
A~350nmtoA~425nm
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Wavelength (nm)
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PEN as a Scmtlllatorm

T L « Commercially available
QQ o) polyester
s - * Peak emission at A ~ 425 nm
POIY(Ethy'e"fpzé?J;aphtha'ate) i * Best sensitivity for photon
WLS A ~350 nm to A ~425 nm detectors

* Produces 5,000 photons per

Light Emission from Electrons in PEN and

st Polystyrene MeVee
> @ PEN _ .
2 | : » ~50 % conventional
£ ol a8 scintillators
2 el ¢ 3 t
& B
s s °
.UQ)’ )
ook Y. Efremenko et al 2019 JINST 14 P07006

0 500 1000 1500
Energy [MeV]
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PEN as a Scmtlllator
QQ -

0.02

« Commercially available
polyester

* Peak emission at A ~ 425 nm
P°'y(ethy'e"fp2§\,r)'aphtha'ate) =L e » Best sensitivity for photon

Wiewelengitinm)

WLS A ~350 nm to A ~425 nm deteCtO s

Light Emission from Electrons LEGEND-1000 Design * Produces 5,000 photons per
| B\ MeVee

0.01 i

« ~50 % conventional
scintillators

« ~60% QE at WLS LAr
scintillation light (128 nm)

* Improve sensitivity in active
veto system

R
o

®
I
, ¢

0 1000
Energy [MeV]
Y. Efremenko et al 2019 JINST 14 P07006
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PEN as a Scmtlllator
QQ /T

0.02

0.01 f—

= N E
Poly(ethylene 2,6- naphthalate) oot
(PEN) 50 300 s o400 o ?/c\)/o Issogthezoo )
WLS A ~350 nm to A ~425 nm
Light Emission from Electrons LEGEND-1000 Design
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0 1000
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Y. Efremenko et al 2019 JINST 14 P07006

« Commercially available
polyester

 Peak emission at A ~ 425 nm
 Best sensitivity for photon
detectors

* Produces 5,000 photons per
MeVee

« ~50 % conventional
scintillators

* ~60% QE at shifting LAr
scintillation light (128 nm)

* Improve sensitivity in active
veto system

i‘/—"‘f—‘
MAX-PLANCK-INSTITUT (N PIRE Summer School 2023

FUR PHYSIK Ap-Dyzit



PEN in LEGEND-200

Ce
Detector i
lSu pport rod

?
®

Baseplate

cogir?erlét‘:on | Con:evction - -
* PEN baseplates installed in LEGEND-

200

« LEGEND-200 — Ov[3f3 detector with
200 kg of 76Ge

« Stabilizes and holds electronics for 76Ge
detector

* |Increases wls surface between detectors
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Minimizing Background Radiation in PEN

2

 Surface cleaning
» Careful handling

 Reduced natural
activity

PEN Baseplate
Activity: 106 Bq
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Minimizing Background Radiation in PEN

2

 Reduced natural
activity
» Synthesized PEN:
 Minimize additives
 Purify ingredients

PEN Baseplate « Optimize optical
Activity: 10 Bq properties
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Minimizing Background Radiation in PEN

2

 Reduced natural
activity

» Synthesized PEN:

» Minimize additives
 Purify ingredients
PEN Baseplate « Optimize optical
Activity: 10° Bg properties

Cyclohexane dimethanol

o (CHDM) 0
HO™ Y S o >N +o a f
R —
OCH3 + ~_~_-OH HO/\/O FNF d>_<;®—<
H;CO Al — o) — . 5
= n
o HO/\/
Dimethyl-2,6- Bis(hydroxyethyl) 2,6- Polyethylene
naphthalenedicarboxlate (DMN) Ethylene glycol (EG) naphthalenedicarboxlate naphthalate
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PEN Synthesis at TITK

4

Polymer Reactor

heat exchanger

- PT 400
b
65°C
dephlegmator
yacuuwm ’—".
@ =
LN
¢ooling b
trap &
brisdeny :
Je

k/“ POLYMERS EXtrUSIOn Of PEN Materlal
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PEN Synthesis at TITK

Polymer Reactor

heat exchanger

- PT 400
A
|
65°C
dephlegmator
! |
yocuum ) ‘
@ - | — N4, Wwlef
LN,
cooling
trap

brisdeny

TITKS
DIVERSITY IN
POLYMERS

PEN pellets
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PEN Synthesis at TITK

Polymer Reactor

heat exchanger

r.. PT 400
v
-
65°C
dephlegmator
(| -
yocuum '
& =
LN,
cooling
trap
brisdeny
2o

*
TITKS
DIVERSITY IN
POLYMERS

PEN pellets
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Conclusions
» Background radiation mitigation
. Shield \ \./
* Detect
e Minimize
N
\/

« PEN as a scintillator

\)M
* Active material & a \
Nucl. Phys.

* Low background A \

AZ) AZ +12)

» Future work to extend applicatio@ | |
« Synthesis e smﬁ
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Backup
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Measurement of PEN Quenching Factor

Quenching Factor for Neutrons

« Quenching factor (QF) . .
« Fraction of light nuclear recoils (LY,,) N
produce relative to electronic recoils (LY,) L e
« Measurement of neutron quenching factor - —— s i

PEN sample (50 mm x 5 mm) ot ]

i En = 0.5 - 7.1 Mev l{;’eutroneEnergy7(MeV)
Light Response of PEN to Neutrons

 Birk’s function SE ,
- Qualitatively defines the non-linearity of light yield A
with energy for nuclear recoils S ssf S 1.309 + 0.08651 e
5 kb 0.1147 £ 0.01036 | /
o AL X A—EAE ;—3 SH Global PEN Data /"/ 7
1+RBE e 23 ~— Published EJ-200 Data , //I :
: : C D 5 i
* Fit data to determine Birk’s constant - s
e« kBpgy = 0.115+0.010 £ T
e kBgcyos = 0.155 +0.005 [4] os} // arXiv:2204.02866

4 — 5 6 7
Neutron Energy, MeV
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https://arxiv.org/pdf/2204.02866.pdf
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PEN Baseplate Production for LEGEND

,,,,,,,

* Low background molding method:
» Pellets washed to remove surface impurities  commercia PEN peles

 Contact minimized during each step

* Injection compression molding - electropolished
flat plateS for mold Injection molding machine

« Machine with acid-etched jig = |
» PEN molded in a Class-1000 clean room u
» Baseplates machined in a laminar flow hood

Final PEN baseplate for
PEN baseplate material LEGEND-200

* Final PEN baseplate material activity
<103 Bg/kg

NC machine
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Future Prospects of PEN

LEGEND-1000 will use PEN for

» Detector baseplates
 wis reflectors on LAr cryostat

Potential expansion of
applications in LEGEND-1000
 Structural rods
« Encapsulation
» wis reflectors on UGLAr cryostat

Radiopurity and optical quality of
PEN will limit the applications

PEN is being considered for LEGEND-1000 detector geometry [1]
other rare event physics
experiments

« DarkSide-20k

[1] https://arxiv.org/abs/2107.11462
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