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Time Of flight Plastic Scintillators: TOPS

TOPS project joint effort of chemistry, physics and

engineering researchers of SBAI departments. Development
of a new class of plastic scintillators;

Two TOPS samples have been irradiated with protons at
different energies (70-220 MeV) at CNAO;

1 First concentration studies and calibration with sources
with one of the most promising new scintillator.




Time Of flight Plastic Scintillators: TOPS

New TOPS molecules are under submission
for a patent application.

The composition and the chemical formula
of the new organic molecules can’t be
shown.

In this presentation, the scintillators are been named
with a code (letter+number) without any meaning!
Ex: 2N, 2B, T2, 1N, P2...







Plastic Preparation
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Plastic Preparation

In order to improve the matching between the emission/absorption
spectra of the scintillators, doping materials have been added as a wave-

shifters, DPB and POPOP). For a fraction of the new scintillators the
POPOP doping improved the performances in terms of light output.

- DPB (1,4-Diphenyl-1,3-butadiene)
- POPOP (1,4-Bis(5-phenyl-2-oxazol-2-yl)benzene
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The new plastic scintillator samples have been characterised in terms of transmittance

and emission with photoluminescence spectroscopy measurements.



Plastic Preparation
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The new plastic scintillator samples have been characterised in terms of transmittance

and emission with photoluminescence spectroscopy measurements.



Plastic Preparation

In order to improve the matching between the emission/absorption
spectra of the scintillators, doping materials have been added as a wave-
shifters, DPB and POPOP). For a fraction of the new scintillators the
POPOP doping improved the performances in terms of light output.

- DPB (1,4-Diphenyl-1,3-butadiene)
- POPOP (1,4-Bis(5-phenyl-2-oxazol-2-yl)benzene
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The new plastic scintillator samples have been characterised in terms of transmittance
and emission with photoluminescence spectroscopy measurements.




Plastic Preparation

In order to improve the matching between the emission/absorption
spectra of the scintillators, doping materials have been added as a wave-
shifters, DPB and POPOP). For a fraction of the new scintillators the
POPOP doping improved the performances in terms of light output.

- DPB (1,4-Diphenyl-1,3-butadiene)
- POPOP (1,4-Bis(5-phenyl-2-oxazol-2-yl)benzene
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Sample characterisation
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Measurement performed: Experimental Setup

e Light Output e External trigger for cosmics S3 %

* Time resolution e Daq VME: {"I)Ies ch WOrk  th

e samples comparison + QDC V792N (12 bit) s Stily ; ar, acte,.i e
+TDC V1290N (25ps) in Prog,., Satiop,

+ Waveform Digitizer V1742 (2.5Gs/s) Ss!i
e PMT XP1911 PHOTONIS risetime ~2.3 ns



Light output evaluation
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As expected the commercial scintillator shows much better performances, however it
has to be stressed that the TOPS scintillators are not jet optimised in terms of
‘u concentration and transparency.




Light output evaluation
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The 2N sample is less transparent than, for example the 2B,

[ ,_J however it doesn’t need any dopant to reach important light

output values. A concentration study has been then performed.



Timing properties evaluation \

Concentration:
—— BC-412:unknown (<3%)

—  TOPS Samples 1%
- ® raw

'S * doped
e commercial

-
H

-d
N

—
|II|III

P2_POPOP +

2N_POPOP 0 T2_POPOP

é g 1N_P$POP

¢

2B_POPOP

O
®

O
»

—
N
=
g
£
L
=
=
-
2
el
=
O
N
O
oc
O
£
-

1 l 1
12
Scintillators

o
»

o

A very promising time resolution of ~ 600ps for 2N e 2B (BC-412 500ps) is
obtained with this readout and setup. A preliminary time characterisation
- has been performed for those two samples.




Timing properties evaluation
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The waveform analysis shows that the rise times of the samples were
dominated by the electronics capability (i.e. the pmt rise time) => for further

analysis a more performing PMT will be employed.




Test Beam with protons
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Test Beam with protons

BC-412 2N (2B%) Proton heam@CNAO:

e energy 70- 220 MeV

proton beam |
e sigma ~1cm

0 T Tl Experimental SETUP:
e PMT H10721-210, risetime ~0.57ns
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Test Beam with protons

BC-412 2N (2B%) Proton heam@CNAO:

e energy 70- 220 MeV

proton beam |
e sigma ~1cm

0 T Tl Experimental SETUP:
e PMT H10721-210, risetime ~0.57ns
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Test Beam with protons

BC-412 2N (2B7) Proton heam@CNADO:

e energy 70- 220 MeV

proton beam |
e sigma ~1cm

———— —-———

Experimental SETUP:

e PMT H10721-210, risetime ~0.57ns
e DAQ LeCroy HD06104-MS 2.5Gs/s

5 mm 5 (3) mm

Measurement of Time Resolution 5'""‘98 13769
- - - ean —-2.806
in proton Time of Flight (ToF) : Std Dev 0.2297

: Constant 2437 + 26.1
5 5 s Mean —-2.806 + 0.002
— Sigma 0.2228 + 0.0014
TA 0BC T 92N (2B) 1

Upper limit on the new
scintillators ToF resolution

Proton
120MeV

) . f . -1 -0.5 0
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Resolution [ps]

As expected the resolution follows a trend
inversely proportional to the beam energy

Measurement of Time Resolutic
in proton Time of Flight (ToF)

100 120 140 160 180 200 220 240
Proton beam energy [MeV/U]

Mean —-2.806 + 0.002
Sigma 0.2228 + 0.0014
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Upper limit on the new

scintillators ToF resolution
Proton
120MeV

*2B sample thickness is only - e

-4.5 -4 . . -1.5 -1 -0.5 0

the 60% of the 2N sample “Time of Flight [ns]
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—4&— ToF resolution 2N-BC

—&— Tof resolution 2B-BC

Resolution [ps]

coav v v v by v b b b b by

80 100 120 140 160 180 200 220 240
Proton beam energy [MeV/U]

- Mean —2.806 + 0.002
Sigma 0.2228 + 0.0014

This result is the first attempt of exploiting the TOPS scintillators for ToF measurements.
Further optimisation, balancing the concentration, improving the transparency and better
controlling the polymerisation process, will improve the new molecules potentialities.

s

—3 5 -3 —2 5 -2 —0 5 0
Tme of Flight [ns]

Measurement of Time Resolutic
in proton Time of Flight (ToF)
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Test Beam with protons
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Proton beam@CNAO:

Preli

e energy 70- 220 MeV
e sigma ~1cm

Experimental SETUP:

e PMT H10721-210, risetime ~0.57ns
e DAQ LeCroy HD06104-MS 2.5Gs/s

minary

Evaluation of the
signal time width
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Test Beam with protons

2N (2B)

120 MeV
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Test Beam with protons

2N (2B)

120 MeV
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Experimental SETUP:

sample

Concentration study on the 2N scintillator
* Black Box

F = .
.‘- j [
e PMT XP1911 PHOTONIS i ' - g i)
e Daqg: VME QDC (12 bit) and TDC 14.4 mm
e sources: 137Cs, 22Na, 60Co, 20Sr




Concentration study on the 2N scintillator

Experimental SETUP: \ " ‘)
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Concentration study on the 2N scintillator

i b | Sh s ! y H From this analysis is it possible to
e RO I et study the charge response as a
sample B 118 B RS function of the scintillating
Sﬂm&e — o | il concc_entl:atioq in tI}e samples.
thil Black Box A 1 T The aim is to identify the most
1 Ao

e PMT XP1911 PHOTONIS favourable concentration and

e Daqg: VME QDC (12 bit) and TDC possible saturation.
e sources: 137Cs, 22Na, 60Co, 20Sr

Photons at 661.7 keV Photons at 511 and 1274 keV

200
Charge [pC] Charge [pC]




Concentration study on the 2N scintillator

Photons at 661.7 keV Photons at 661.7 keV
chargeqdc_Scint_2n chargeqdc_Scint_2n

Entries 611596 S Entries 621090
Mean 21.09 N Mean 31.96
Std Dev 12.58 Std Dev 18.14
Constant.016e+04 + 2.090e+01 Constant 3099 = 12.1
Mean 0.7111 £ 0.0417 Mean 43.91+ 0.06
Sigma 21.96 + 0.02 Sigma 13.95 = 0.04
Alpha -1.293e+06 = 4.243e+01 Alpha -5.285e+04 + 2.000e+00
N 255+ 1.4 N 255+ 1.4

100 120 100 120
Charge [pC] Charge [pC]

Photons at 661.7 keV Photons at 661.7 keV
chargeqdc_Scint_2n chargeqdc_Scint_2n

Entries 615429 Entries 637460
Mean 28.34 Mean 34.49
Std Dev 17.57 Std Dev 20.08
Constant 2545 + 11.4 Constant 4202 = 12.6
Mean 42.59 + 0.06 Mean 46.89 = 0.05
Sigma 13.43 + 0.04 Sigma 15.94 + 0.03
Alpha  -1.04e+06 = 4.00e+00 Alpha -6.768e+05 + 8.000e+00
N 255 +1.4 N 255 +1.4

100 120 100 120
Charge [pC] Charge [pC]




Concentration study on the 2N scintillator

Photons at 661.7 keV

Photons at 661.7 keV

chargeqdc_Scint_2n

Photons at

10*
Entries 611596 E

511 and 1274 keV

chargeqdc_Scint_2n

Entries 232930
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p1 -17.54 = 0.03
p2 18.12 + 0.01
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p4 19.46 = 0.20
p5 39.16 + 0.12
p6 -1.09e+06 + 3.69e+03
p7 255 + 1.4
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Photons at

200 250 300 350
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511 and 1274 keV

chargeqdc_Scint_2n

5%

Entries 238706
Mean 31.28
Std Dev 25.04
6994 + 20.0

17.34 = 0.14

16.47 = 0.11

100 = 1.4

255+ 1.4

341.6 + 4.2

109 = 0.5

16.34 + 0.28

111+ 1.4

255 + 1.4

260.9 + 5.6

70.33 + 0.51

12.21+ 0.58
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Photons at 511 and 1274 keV

chargeqdc_Scint_2n

Entries 234963
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Std Dev 25.91
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pé 119.7 + 0.5
p7 14.03 = 0.44
p8 -5.101e+05 = 1.414e+00
p9 255 + 1.4
p10 260.1+3.8
p11 75.85 + 2.01

p12 32.46 + 0.92

[
200

250 300 350
Charge [pC]

Photons at 511 and 1274 keV

chargeqdc_Scint_2n

7%

50 100 150 200

Fit with a crystal ball and a gaussian for the background

* Fit with a two crystal balls and a gaussian for the background btw the Comptons

Entries 234432
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p2 16.57 = 0.09
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pS 129 + 5.6
p6 124.7 + 0.6
p7 13.59 + 0.48
p8 100 = 1.4
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p11 82.02 + 1.88

p12 34.72 + 0.83
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Concentration study on the 2N scintillator

Charge Mean

—a— Compton 2N Cs 662 keV

—a—— Compton 2N Na_511 keV

—A—— Compton 2N Na_1274.5? keV

A concentration of at least 3% is preferable. The 5% sample is probably suffering of
some polymerisation effect. The 7% concentration is the most favourable one. A
time dependent analysis will be performed in next month.
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Cs Photons at 661.7 keV

Calibration for 2N at 7%

Na Photons at 511 and 1274 keV
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Co Photons at 1173.2 and 1332.5 keV, Average 1252.86 keV
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Sr Beta- decay electrons 546 keV and 2.28 MeV
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* Fit with a gaussian for each Compton spectra and with a gaussian for




Calibration for 2N at 7%
137Cs:

Photopeak, Ey = 661.66 keV; Compton edge, Ee = 477.34 keV
22Na:

Photopeak, Ey = 511 keV; Compton edge, Ee = 340.67 keV
Photopeak, Ey = 1274.54 keV; Compton edge, Ee = 1061.71 keV

60Go:

Photopeak, Ey = 1173.2 keV; Compton edge, Ee = 963.39 keV
Photopeak, Ey = 1332.5 keV; Compton edge, Ee = 1118.11 keV
Average 1252.86keV; Compton edge 1040.79

—&— Calibof2nat 7 %

Charge Mean
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Summarising...

Plastic scintillators are relatively cheap, easy to manipulate and light
(low density) with respect to conventional crystal scintillators
=> precise measurements of particle Time of Flight (ToF).

Some molecules shows promising time resolution performance.
Samples have been irradiated with proton beam at CNAO performing
ToF measurements reaching very good results.

For the 2N studies on the light output as a function of different
concentrations have been performed as first input for a
concentration optimisation.

=

Wl
T ﬂ\‘*i& T\;,-
d =




... TOPS Next Steps

Better performances can be reached improving:

transparency and dopant mix choice

concentration of the scintillators

preparation stability and polymerisation process

Further test beam with charged beam will be performed in next month

The ageing stability and the mechanical properties of the samples
have to be studied for the solid sample
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Co Photons at 1173.2 and 1332.5 keV, Average 1252.86 keV
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Light output evaluation
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Trasmittance measurement

UV lens UV 370nm
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Emission measurement
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