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Motivation

* The aim of this measurement was to determine technical light attenuation
length of plastic scintillator strips used for J-PET modules construction.

* The technical attenuation length (TAL) of a plastic scintillator bar is defined
as the length of scintillator reducing the light signal by a factor of e
and depending upon bulk transmission of the scintillator, its thickness, shape
and reflective properties of the surfaces.

A) 1 meter long scintillators




Light attenuation lenghts

Bulk attenuation length (BAL) Technical attenuation length (TAL)

=  bulk transmission of the
scintillator material;
= bulk transmission of the = reflective properties
scintillator material of the surfaces;
= thickness and shape of strips;
= use of reflectors

Depends on:

x x

Relation I(x) = Cy * e(_)t_l) I(x) = Cy * e(_/l%) + C, * e( /12)

Example




Mechanism of energy transfer in plastic scintillators

plastic scintillator
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Plastic scintillator strips to measure

EJ-200 BC-404 EJ-230
Dimensions [mm?3] 6x24x1000 6x24x500 7x19x500
. 1m long with WLS 312 strips modular 192 strips big barrel
Used in J-PET prototype _ . _
and SiPMs PET with SiPMs with PMTs
Data from manufacturers
Decay time [ns] 2.1 1.8 1.5
Light output [% of
64 68 64
anthracene]
Wavelength of maximum
.. 425 408 391
emission [nm]
Light attenuation length
380 160 120

[cm]




Setup for TAL measurements

: : plastic supports

/_/ \_\l

scintillator strip

aluminium rail with crank

photo
diode

electrical connection

<

multi
meter

In measurement following equipment was used:

" UV lamp with 365 nm wavelength
of maximum emission, BeamZ 25W/E-27;

" silicon PIN photodiode S3590-06 from
Hamamatsu with 9x9 mm?2 active area;

" digital voltage multimeter DT-830BUZ;

. aluminium rail with crank.



Setup for TAL measurements




365 nm UV lamp




Absorption

Overlapping of 365 nm UV lamp emission spectra and scintillator absorption
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* The intensity of light traveling through plastic
scintillator I(x) follows a relation of the form of sum
of two exponential functions given by the formula:

I(x) = (q * e(_/1_1) + C, * e(_%z)

where A1 and A2 are long and short components
of light attenuation lengths, respectively.
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Results for EJ-200 6x24x1000 mm? strip no 1

=g 1
: : : ExpDec?2 Fit of E.
[
Model ExpDec2
- y = Al*exp(-x/tl) + A2*exp(-x/t2
Equation ) +y0
Plot Voltage from light detector
yo 283,88176 + 5,34494
Al 7,00162 + 33,17042
tl 2,26995 + 5,18486
A2 42,8208 + 4,92639
t2 143,07899 + 26,59618
Reduced Chi-Sqr 0,09404
R-Square(COD) 0,99814
Adj. R-Square 0,99765

20

40 60 80
Position on strip (cm)

Voltage from light detector (mV)

330

325

320

315

310

305

" g2
| . | . | ExpDec2 Fit of E.
Model ExpDIecz
. y = Al*exp(-x/t1) + A2*exp(-x/t2) + yO
Equation
Plot Voltage from light detector
yo 289,71252 + 6,54996
Al 4,20626 + 7,38311
t1 3,82778 + 6,15185
A2 35,56824 + 5,73762
2 124,47356 + 36,9476
Reduced Chi-Sqr 0,18455
R-Square(COD) 0,9957
Adj. R-Square 0,99455
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Voltage from light detector (mV)

Results for EJ-200 6x24x1000 mm? strip no 2

= g5 " g6
335 . , . , . : . : ExpDec? Fit of E. 335 : , : , : , : Exp[?ecZ Fit of E.
Model ExpDec2 Model ExpDec2
Equation y = Al*exp(-Xt1) + A2*exp(-x/t2) + yO | Equaton y = Alexp(itl) + AZ*exp(-x2) + YO
Plot Voltage from light detector 9 Plot Voltage from light detector
330 yO 255,31029 + 26,87782 € 330 | yo 295,07777 + 37,89124
AL 76,22284 + 26,44352 bt AL 32,68968 + 26,8482
t 332,05687 + 140,80656 9o il 148,9054 + 316,52272
A2 1,99096 + 10,66641
?22 i’zigii i iigg? § © 18,13367 + 76,09636
325 - Reduced Chi-Sar 0.05771 @ 325 - Reduced Chi-Sar 0,13455
© R-Square(COD) 0,99579
R-Square(COD) 0,99875 — Ad R-Square 099467
Adj. R-Square 0,99841 %) :
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Measured plastic scintillator strips

Scintillator EJ-200 BC-404 EJ-230
Dimensions [mm3] 6x24x1000 6x24x500 7x19x500
. 1m long with WLS 312 strips modular 192 strips big barrel
Used in J-PET prototype _ o _
and SiPMs PET with SiPMs with PMTs
Data from manufacturers
Decay time [ns] 2.1 1.8 1.5
Light output [% of
64 68 64
anthracene]
Wavelength of maximum
.. 425 408 391
emission [nm]

Light attenuation length

380 160 120
[cm]

Data from measurements

Light attenuation length
[cm] 124-332 32-84 30-78




Thank you




