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PEN and PET (polyethylene naphthalate and terephthalate) are common plastics used for drink bottles and plastic food containers. They are
also good scintillators. Their ubiquity has made them of interest for high energy physics applications, as generally plastic scintillators can be
very expensive. However, detailed studies on the performance of the scintillators has not yet been performed.

At various tests, we measured the light yield and timing properties of PEN and PET with Fermilab and CERN test beams. We also irradiated
several samples to varying gamma doses and investigated their recovery mechanisms. Here we report on the measurements performed over
the past few years in order to characterize the scintillation properties of PEN and PET and discuss possible future implementations.

Intrinsically Rad-Hard Scintillators Intrinsically Rad-Hard Scintillators Intrinsically Rad-Hard Scintillators - PEN
. R . |
 PET HEM/ESR: sub-um film stack of Poly(Ethylene-2,6-Naphthalate)/PEN, 100 MRad (1 MGy) Radiation Resistance!
o o olvester. polvethvlene terephthalate (PET) - intrinsic blue scintillation! N. Belkahlaa et al., Space charge, conduction and photoluminescence measurements in gamma irradiated
O poly » polyethy P : . poly (ethylene-2,6-naphthalate) Rad. Physics & Chem, V101, August 2014
C iallv Available Scintillating M — i 425 nm; 10,500 phatons/ MeV: .... Abstract: Polyethylene naphthalate (PEN) thin films were subjected to gamma rays at different doses and
ommercially Aval able Scinti ating Materials: 9 changes in both the dielectric and photophysical properties were investigated. Samples were irradiated in
o PEN 0 8 P P
@ A LETTERS JOURNAL EXPLORING air at room temperature by means of a 60Co gamma source at a dose rate of ~31 Gy/min. Total doses of
Tue Frox1icRs or Puysics . . . . . . . .
o Polyethylene Naphthalate (PEN) Ho OO TS TTy— — eplji;:’:?:g 650 kGy(344 h) & 1023 kGy(550 h) were adopted. The high radiation resistance of PEN film is highlighted.
0 . doi: 10.1209/0295-50765/95/22001 :
* Polyethylene Terephthalate (PET) 10f 1.0 [ 1023 kGy
- _ - - - . = —— D axc= 270 NM
PEN: lEvudence of d:aep. blue photon emission at high efficiency g e s0m | 2 R
y common plastic 8 o ‘| H X gxc™ 370 nm
c ll 2
- C
T 05 -
‘/ IIltI‘lIlSlC blue Sc1nt111at10n (425 nm) H. NAkAMURADZ(®) | Y. Suirakawa?, S. TakanasHi! and H. Suimizu® % E 0
m©
: E
z Reference PEN 2
PET: Table 1: Properties of the three samples used in the present study.
0.0 k- ‘ . ‘ , 0.0 F; ‘ .
Material Polyethylene Organic scintillator Plastic bottle 350 400 450 500 550 350 400 450 500 550
v A common type p olymer naphthalate (ref. [14]) (ref. [13]) Emission wavelength, nm Emission wavelength, nm
v Plastic bottles and as a substrate in thin film Supplier Teijfn Chemicals Sainf-Cobain Te?jin Chemicals PL intensity at peak maximum (relative units) versus irradiation dose.
Base (C14H1004)n (CoHyg)n (C10HsO4)n
solar cells. Density 1.33g/cm® 1.03g/cm® 1.33g/cm® Excitation wavelength Reference-PEN 650 kGy 1023 kCy
v" Emission spectrum of PET peaks at 385 nm Refractive index 1.65 1.58 ' 1.64 _
Light output ~ 10500 photon/MeV 10000 photon/MeV  ~ 2200 photon/MeV iew270nm 1 098 0.95
[Nakamura, 2013] ,. - - - s i w370nm 1 0.98 0.96
Wavelength max. emission 425 nm 425 nm 380 nm % - .
Laborato ' o :
" l'yt Beam Test Results PEN Performance in Beam Measurements Radiation Damage Studies (lowa)
easurements
._ . ) ) 150 GeV muons . . We irradiated scintillator samples with using e——— 0
Timing PEN > Light Light Yield | @ Cern We tested 2 - 4 mm thick PEN and PET tiles read out Tk et ot ot o fad Core O O
. . .~ o . 250 - 50
PEN Santilato Waveforn yleld MPV 30 £C 2 with green wavelength shifting fibers with 150 GeV 1.4 Mrad and 14 Mrad 5 & PEN14MRad s PEN 14 MRad
S045E . ‘ 6000 : i - Initial damage g« I Salb q
Sos o e muons. 5 5
@ | PEN ‘l,\ 500D et 1611006 20000 Permanent damage - plateau ?0 ; Egnso_ [
03F | | Peak to 1/2: 19.44 ns A w2z E ot 5wl Ve
o \ | Peak to 1/e: 27.12 ns 4000 - g Anthracéne; ‘ . _____ PETHigh Dose 5 T+?ft+.,; 5 -
E \ | peak to 1/10: 62 ns @ PTP . o Right after irradiation & 10} f+ = 107
0.15 ) . N Enties @~ 16300 RMS . 3.
0.1f \ .\9 3000 7.52 12/ ndf M "—— Prelrrad 0 . : : . - 0 . : : :
' L § N s 9.13 Const 5 10° = _ —;rs]'dTTe:; 10 20 30 40 50 60 70 10 20 30 40 50 60 70
0.05 \ Rt B 2indl  5487/40 MPV = PET 2mm and 3mm tiles 5| ‘ PEN bar shape 7 0.2 o Teat Days after Irradiation Days after Irradiation
b \“\—\f\»\,\f\m«,ﬂ 2000 onstant 36.1 Sl - Entries 1148546 10 g €=0.57 Entries 428877 S 4ih Test
e o L s wi || €010 e 0.8 z ly=1.11 | 2 =1 T o] ™
il = Ly=0.86 | »/ndf 5308.58 / 24 B ] 22/ ndf 9929.27 /23 2] T ot Tes = . _
1000/ o y=u. 50 816160.81+ 1464.60 2 0t PO 13955973 + 566.20 o —— 10ih Test 2 8o £ 8o %
PET_SIGMA-STAPE JFWLS WO Center - - S0t 1 " 0.02:+0.00 g E P! 0.03+0.00 500 120 Tom g PET 1.4 MRad § "% PET 14 MRad
s | C \ _ § g 22 0:20;0:00 § E p2 0.21+0.00 € ——13th Test g 701 g 0r *s. l
' | PET O ~72( a0 60 80 100 120 140 s P3 20204553 + 1734.45 S r by el e 208 :ié?ﬁ EE % 60% % of %
o6 . Ch.arge (fC) B 10° g— Eg 8?2 i ggg § 10° = 0.34 + 0.00 p ——17th Test % 50 »"'?,' % 50
. Peak to 1/2: 5.304 ns PET 9 nght y1€1d MPV 20 fC g - S - Before irradiation :éi’)gﬁeiii g 40 ?% % 40}
4 Peak to 1/e: 6.884 ns .3102 = £ r A2l 1 ‘ S0 % S 30
03F :“ Peak to 1/10: 12.656 ns . . . . .o L% gj L%) 10° 3 - 4Oﬁme Sz?gple (Of'jgons) oo § 20 ": g 20
02 . PET is faster but emits less l.1ght. PEN 1s radiation 0L : «  Damage was calculated in terms of v i s s 10
“,J resistant up to 10 Mrad and it has a significant S . ;([ light yield S S i | o |
\ . . . e B = Days after Irradiation Days after Irradiation
= 1 o light yield but it is too slow. S | | | N R R R y y
® % 0 2 © " ime (ng)oo I 0 — 5 — 10 — 15 — 20 0 5 10 15 20
Number of Photoelectrons Number of Photoelectrons JINST 11, P08023, 2016
SiX-1 LED Stimulated Recovery
0-082— Small sample: 2 cm x Can we stimulate the recovery of scintillators damaged from
- . - 0.07; 3cmx6mm radiation? SLEE
N ew S Ix S C| ntl I I ato rs s F v’ By using an array of tri-color red, blue, green (RGB) LEDs
§ o0 The edge coupling
§ 0'05;_ the PMT is pOIiShed. PEN Waveforms 3 Days After Irradiation PEN Waveforms 7 Days After Irradiation
. . . g 0.04— s r N — PEN Reference g’ PEN Reference
) ) PR No reflective S [\ | Treseses P 12 OB,
* The scintillators have a base Primary Fluor (PTP) Emission Spectrum b [ =
ol o.oz; - \
material, primary fluor, and g | e
a8 !I 0505 'NHIOL' H%P‘h' ;2|o‘|‘ 't'2|5‘ 30 35 40 FW @ 1/10~ 15 ns o2 A\
J umber of Photoelectrons j | N
Secondary fluor. ‘2 5.5 " i “ ) \.\u\j \\\\\\\\\\\\\\\ \\\Vi\wu | | NI AT AT NI
"‘ ‘ 0 20 40 60 80 100 120 140 16 Ti:nBeo(ngﬁm 0 Ti;qaeo(ngeo
: sl | \ ’l,
' | Different Materials:
. . . . & st K * Eljen brand EJ-260 (N) and overdoped version EJ2P.
L Th e m a I n SCI ntl I I atlo n CO mes o 4.5y 5* ’ * Lab produced plastic scintillator (SiX)
8 2 Tile PMT °W*’~W‘W”Jv“‘w~‘4”“'ﬁ”’ i o
from the prl Ma I'y ﬂUOI’. g A e e NIM B395, 13, 2017
o e fre e %00 N o LED Stimulated Recovery
h dary fl e o Bl i il S mamatsizszon) T oo Beam
° i irectly cou i u -
The secondary fluor, or S elrectly coup'e e o e
. - S ] Select the muons passing through the tile and 1 mm away from the SiPM égoi - 10 MRad LED Rec v £4) 10 MRad Eég(sgcovew ‘ &\o’iZ? " 10MRad Egg(gggovery |
waveshifte I, d bsorbs the . Secondary Fluor (bis-MSB) | s — Bt ! ~§ 200
‘ : . 0 or es 53891 87014 SiX . E® EJ260N | Bas) EJ2602P
: ’ Tt . Absorption/Emission Spectra | o : s LIS | ol Sl
primary’s emissions and re- | ption/ P | T g BT o S0 i, N
’ ' 20 2000 % ,TG 0.0;543 1t-:)é)o957‘(: 8’)40 | “ ee% T o . | b % t %20 f\\;‘
. I « - 5001{ o 5+348.4 g S 15| §20 N I,
emits to a wavelength that is . Good PMTQE | o oo 5 g 0
! ' - S > & . = €20 1 € €10 LT o g
. . g \ and |OW Self ; 'I -10 1000 % 0.01— . 810- ‘ g 5| g 5
desirable for optimum : | absorption, | 18pe b b Sk
“ | . ‘ ' Days after Irradiation Days after Irradiation Days after Irradiation
efﬁ(:lency oyl thus a maximal | Lo e e Blue emission Green emission Green emission
| efficiency ' D TE Gain~50fC e (@ * SiX showed significant effect, the
I SiX unpolished w/dimple .
| 00| e S 0.025 nres " 32’»28153 Tile ‘a’, Total Recovery ‘c’, Permanent Damage sample on RGB LED recovering 10%
| - l\SAtZaSeV 8211251 o : 2 ndefv 0.003145 ?3; Six RGB 56.3 * 2.4% 30.7 * 1.6% more and faSter (4'5 VS 5'5 days)
| o 004~ 2/ %0598 130 g 002 001418 £ 0.14551 SiX dark box 45.7 + 2.5% 44.1 + 1.9%
o w s o0 1 I EJN RGB 24.0 + 2.2% 692+0.7% Neither EJN and EJ2P showed
5 0.3 N oodmes s o0tus = 180423787 EJN dark box 21.1 + 1.8% 15.9 + 0.6% ionifi
ave rem) ST ‘ " S significant effect.
Pa. . Absoratica " Bf,‘ A , s [ 3 1158+ 1306 2 oof- ~ 14 pe EJ2P RGB 26.9 + 3.1% 15.2 + 0.9% &
£ ADSOrpaIon { ) ARG CHIASSKH “ 2 0,02 2 0.0483 +0.0618 i . L.
A l oot o EJ2P darkbox  26.5 + 2.2% 13.7+0.7% * ‘Blue’ scintillators respond to color
0o fk % ooy iS00 1544 - spectrum but ‘green’ scintillators
- 0: . 18.5—9£18.53 fooo 8 — '1050‘ 2000 30‘00‘ 4000 5000 H
e oraree (0 Very useful to implement on the on-detector electronics! 3¢ affected very little.
200 0 200 400 600 800 1000 Fit to a Gaussian + Landau

NIM B395, 13, 2017

 The options of intrinsically radiation-hard scintillators are being expanded with the addition of Scintillator-X. Different
variants of Scintillator-X should be probed.

 Intrinsically radiation hard plastics PEN and PET remain to be feasible and cost-effective solutions.

« LED mediated recovery techniques are a possible solution to speed up radiation damage recovery. The technigues can
now be implemented with on-detector electronics.




