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TOPS project joint effort of chemistry, physics and 
engineering researchers of SBAI departments. Development 
of a new class of plastic scintillators; 

Comparison of the light output and timing properties with 
cosmic rays. A commercial plastic scintillator BC-412 and an 
antracene samples have been used as a reference; 

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

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

Time Of flight Plastic Scintillators: TOPS
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Patent  submission  pending

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…
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Plastic Preparation
New organic molecules, containing aromatic fragments, have been synthesised as 
organic scintillators.  The scintillator molecules have been tested by Nuclear Magnetic 
Resonance (NMR) in order to confirm the intrinsic structure of the samples.

The possibility of developing plastic scintillators with our molecules was 
demonstrated using a system of a polyvinyl-toluene (PVT) polymer matrix loaded 
with various concentrations of scintillating compounds.!4
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Figura 4.42. Spettro in emissione del-
lo scintillatore solido P2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.43. Spettro in emissione del-
lo scintillatore solido T2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.44. Spettro in emissione dello scintillatore solido 1N, del suo corrispettivo dopato
con il POPOP e dell’Anthracene solido.

The new plastic scintillator samples have been characterised in terms of transmittance 
and emission with photoluminescence spectroscopy measurements.
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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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Solidi

Figura 4.38. Spettro in emissio-
ne dell’Anthracene solido e del suo
corrispettivo dopato con il POPOP.

Figura 4.39. Spettro in emissione
del BC-412 solido e dell’Anthracene
solido.

Figura 4.40. Spettro in emissione del-
lo scintillatore solido 2N, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.41. Spettro in emissione del-
lo scintillatore solido 2B, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.
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Figura 4.42. Spettro in emissione del-
lo scintillatore solido P2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.43. Spettro in emissione del-
lo scintillatore solido T2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.44. Spettro in emissione dello scintillatore solido 1N, del suo corrispettivo dopato
con il POPOP e dell’Anthracene solido.
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Figura 4.42. Spettro in emissione del-
lo scintillatore solido P2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.43. Spettro in emissione del-
lo scintillatore solido T2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.44. Spettro in emissione dello scintillatore solido 1N, del suo corrispettivo dopato
con il POPOP e dell’Anthracene solido.
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The new plastic scintillator samples have been characterised in terms of transmittance 
and emission with photoluminescence spectroscopy measurements.
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Figura 4.38. Spettro in emissio-
ne dell’Anthracene solido e del suo
corrispettivo dopato con il POPOP.

Figura 4.39. Spettro in emissione
del BC-412 solido e dell’Anthracene
solido.
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Figura 4.42. Spettro in emissione del-
lo scintillatore solido P2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.43. Spettro in emissione del-
lo scintillatore solido T2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.44. Spettro in emissione dello scintillatore solido 1N, del suo corrispettivo dopato
con il POPOP e dell’Anthracene solido.
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Figura 4.42. Spettro in emissione del-
lo scintillatore solido P2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.43. Spettro in emissione del-
lo scintillatore solido T2, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.44. Spettro in emissione dello scintillatore solido 1N, del suo corrispettivo dopato
con il POPOP e dell’Anthracene solido.
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The new plastic scintillator samples have been characterised in terms of transmittance 
and emission with photoluminescence spectroscopy measurements.

) $ 7 $ �� � � �

)D 7 $VW� LPLQJ� SSOLFDWLRQV�
IRU�1XFOHDU�3K\VLFV�DQG�0HGLFDO�,PDJLQJ

$FLUHDOH�����6HSWHPEHU�����
$FFDGHPLD�GL�6FLHQ]H�/HWWHUH�H�%HOOH�$UWL�GHJOL�=HODQWL�H�GHL�'DIQLFL

9LD�0DUFKHVH�GL�6DQJLXOLDQR�������������$FLUHDOH��&DWDQLD�

7KH�ZRUNVKRS�ZLOO�IRFXV�RQ�WKH�PRVW�UHFHQW�
GHYHORSPHQWV�RI�)DVW�7LPLQJ�WHFKQLTXHV�IRU�
DSSOLFDWLRQV�RI�UDGLDWLRQ�GHWHFWRUV�LQ�WKH�ILHOGV�
RI�QXFOHDU�SK\VLFV�DQG�PHGLFDO�DSSOLFDWLRQV�

HPDLO��)$7$����#FW�LQIQ�LW

´,
O�P

LWR
�G
L�$

FL
�H
�*
DO
DW
HD
µ�
$F

LUH
DO
H�
��%

LE
OLR
WH
FD
�F
RP

XQ
DO
H

$GYLVRU\�DQG�2UJDQL]LQJ�&RPPLWWHH�
*��&XWWRQH��,1)1�/16�&DWDQLD��
3��&LUURQH���,1)1�/16�&DWDQLD��
(��&LVEDQL���,66�DQG�,1)1�5RPD�
/��&RVHQWLQR��,1)1�/16�&DWDQLD�
(��'H�)LOLSSR��,1)1�6H]LRQH�GL�&DWDQLD�
)��*DULEDOGL��,1)1�5RPD��
)��*UDPHJQD��,1)1�/1/�
&��*XD]]RQL��3ROLWHFQLFR�0LODQR�DQG�,1)1�0LODQR���
3��/HFRT��&(51�
6��0DMHZVNL��8QLYHUVLW\�RI�&DOLIRUQLD�'DYLV�
(��1DSSL��,1)1�%DUL�
-���1X\WV��8QLYHUVLW\�RI�/HXYHQ�
$��3DJDQR��,1)1�6H]LRQH�GL�&DWDQLD�
(��3ROODFFR��,5)8�6DFOD\�
-���3RXWKDV��,Q�S��&DHQ�
)��5L]]R��8QLYHUVLW\�RI�&DWDQLD�DQG�,1)1�/16�&DWDQLD�
&��6ILHQWL��-RKDQQHV�*XWHQEHUJ�8QLYHUVLWDW�0DLQ]�
$��7XPLQR��8QLYHUVLW\�.RUH�(QQD�DQG�,1)1�/16�&DWDQLD�
��

/RFDO�2UJDQL]LQJ�&RPPLWWHH�
*��$JQHOOR��,1)1�/16��
*��&DUGHOOD��,1)1�6H]LRQH�GL�&DWDQLD��
*��&RQWDULQR��$FFDGHPLD�GHJOL�=HODQWL�H�GHL�'DIQLFL�GL�$FLUHDOH��
0��'H�1DSROL��,1)1�6H]LRQH�GL�&DWDQLD�
(��*HUDFL��8QL&W�DQG�6H]LRQH�GL�&DWDQLD�
(�9��3DJDQR��,1)1�/16��
6��3LUURQH��,1)1�6H]LRQH�GL�&DWDQLD��
*��3ROLWL��8QL&W�DQG�6H]LRQH�GL�&DWDQLD��
6��5HLWR��,1)1�6H]LRQH�GL�&DWDQLD�
3��5XVVRWWR��,1)1�/16��

�

,1)1 8QLYHUVLWD
GL�&DWDQLD

$FFDGHPLD�GHJOL
=HODQWL�H�GHL�'DIQLFL

&RPXQH�
GL

$FLUHDOH
6DQWR�5HLWR�GHVLJQHU

��6FLQWLOODWRUV�DQG�3KRWRGHWHFWRUV�IRU�IDVW�WLPLQJ�
��5HDGRXW�HOHFWURQLFV�IRU�XOWUDIDVW�GHWHFWRUV�
��6ROLG�VWDWH�GHWHFWRU�WHFKQRORJ\�IRU�IDVW�WLPLQJ�
��3URFHVVLQJ�RI�WLPH�VWDPSHG�GDWD�
��3DUWLFOH�LGHQWLILFDWLRQ�LQ�QXFOHDU�DQG�KLJK�HQHUJ\�
��SK\VLFV��
��3UHFLVH�HYHQW�WLPH�WDJJLQJ�LQ�KLJK�OXPLQRVLW\�
��DFFHOHUDWRUV��
��7RZDUGV�SLFRVHFRQGV�7LPH�RI�)OLJKW��72)��
��UHVROXWLRQ��
��7LPH�RI�IOLJKW�SRVLWURQ�HPLVVLRQ�WRPRJUDSK\�
���72)�3(7��IRU�0HGLFDO�,PDJLQJ��DQG��0RQLWRULQJ�
��RI�+DGURQ�WKHUDS\�

VRFLDO�HYHQWV��H[FXUVLRQV�WR�WKH�VXUURXQGLQJV�
RI�0W��(WQD�DQG�$FLUHDOH��DQG�VRFLDO�GLQQHU�ZLOO�
WDNH�SODFH�RQ�6HSWHPEHU��WK��
6SHFLDO�WUDQVSRUWDWLRQV�IURP�$FLUHDOH�WR�WKH�
DGMDFHQW�VHDVLGH�ZLOO�EH�RUJDQL]HG�IRU�
DFFRPSDQ\LQJ�SHUVRQV��0RUH�GHWDLOV�ZLOO�DSSHDU�
RQ�WKH�VHFRQG�FLUFXODU�DQG�RQ�WKH�ZHEVLWH��

6RFLDO�HYHQWV�

7KH�:RUNVKRS�ZLOO�FRYHU�WKH�IROORZLQJ�WRSLFV�

&6)160

:HE��KWWSV���DJHQGD�LQIQ�LW�HYHQW������

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.
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Solidi

Figura 4.38. Spettro in emissio-
ne dell’Anthracene solido e del suo
corrispettivo dopato con il POPOP.

Figura 4.39. Spettro in emissione
del BC-412 solido e dell’Anthracene
solido.

Figura 4.40. Spettro in emissione del-
lo scintillatore solido 2N, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.41. Spettro in emissione del-
lo scintillatore solido 2B, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.
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Plastic Preparation
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POPOP doping improved the performances in terms of light output.
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Solidi

Figura 4.38. Spettro in emissio-
ne dell’Anthracene solido e del suo
corrispettivo dopato con il POPOP.

Figura 4.39. Spettro in emissione
del BC-412 solido e dell’Anthracene
solido.

Figura 4.40. Spettro in emissione del-
lo scintillatore solido 2N, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.41. Spettro in emissione del-
lo scintillatore solido 2B, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.
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Sample characterisation

!10

Both liquid and solid samples have 
been tested with cosmic rays (mip) and 
the light output produced by ionisation 
in the scintillators has been collected 
with a commercial PMT. 
Cosmic rays has been chosen for 
preliminary characterization because 
represent the worst situation in term of 
ionization.

trigger

trigger

sample

cosmic µ

• Light Output 
• Time resolution 
• samples comparison

Measurement performed:
• External trigger for cosmics 
• Daq VME: 

✦ QDC V792N (12 bit) 
✦ TDC  V1290N (25ps) 
✦ Waveform Digitizer V1742 (2.5Gs/s) 

• PMT XP1911 PHOTONIS risetime ~2.3 ns

Experimental Setup On going work ..  the 
samples characterisation 

is still in progress!!
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Light output evaluation

!11
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 
concentration and transparency.

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

TOPS Samples 1%

- BC ~308 
- An ~13 
- 2N ~854 
- 1N ~42 
- 2B ~21 
- T2 ~11 
- P2 ~22

Mean Value
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!12

The 2N sample is less transparent than, for example the 2B, 
however it doesn’t need any dopant to reach important light 
output values. A concentration study has been then performed.

2N

P2

BC-412
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Scintillator solid samples

1N

T2

2B

• raw

• doped

• commercial

An

Light output evaluation
Concentration: 
BC-412:unknown (<3%)

TOPS Samples 1%

2N

2B
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Timing properties evaluation

!13
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.

• raw

• doped

• commercial

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

TOPS Samples 1%
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• raw

• doped

• commercial

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

TOPS Samples 1%
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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.
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2N and 2B* has been tested with proton at CNAO 
Time measurement with a more ionising particle at different 
energies in order to study an higher energy release in the samples
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BC-412 2N (2B*)

proton beam

5 mm 5 (3) mm

Proton beam@CNAO:
• energy 70- 220 MeV  
• sigma ~1cm
Experimental SETUP:
• PMT H10721-210, risetime ~0.57ns 
• DAQ LeCroy HDO6104-MS 2.5Gs/s

Ex. of BC waveform Ex. of 2B waveform
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Test Beam with protons
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BC-412 2N (2B*)

proton beam

5 mm 5 (3) mm

Proton beam@CNAO:
• energy 70- 220 MeV  
• sigma ~1cm
Experimental SETUP:
• PMT H10721-210, risetime ~0.57ns 
• DAQ LeCroy HDO6104-MS 2.5Gs/s

Ex. of BC waveform Ex. of 2B waveform

Ex. of 2N waveform
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BC-412 2N (2B*)

proton beam

5 mm 5 (3) mm

Proton beam@CNAO:
• energy 70- 220 MeV  
• sigma ~1cm

Experimental SETUP:
• PMT H10721-210, risetime ~0.57ns 
• DAQ LeCroy HDO6104-MS 2.5Gs/s
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in proton Time of Flight (ToF)

Proton 
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Upper limit on the new 
scintillators ToF resolution
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BC-412 2N (2B)

proton beam

5 mm 5 (3) mm

Proton beam@CNAO:
• energy 70- 220 MeV  
• sigma ~1cm

Experimental SETUP:
• PMT H10721-210, risetime ~0.57ns 
• DAQ LeCroy HDO6104-MS 2.5Gs/s

Proton 
120MeV
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Time Resolution

ToF resolution 2N-BC

Tof resolution 2B-BC

Upper limit on the new 
scintillators ToF resolution

*2B sample thickness is only 
the 60% of the 2N sample

As expected the resolution follows a trend 
inversely proportional to the beam energy
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*2B sample thickness is only the 
60% of the 2n sample
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BC-412 2N (2B)

proton beam

5 mm 5 (3) mm

Proton beam@CNAO:
• energy 70- 220 MeV  
• sigma ~1cm

Experimental SETUP:
• PMT H10721-210, risetime ~0.57ns 
• DAQ LeCroy HDO6104-MS 2.5Gs/s

Proton 
120MeV
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Time Resolution

ToF resolution 2N-BC

Tof resolution 2B-BC

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.

*2B sample thickness is only 
the 60% of the 2N sample
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Ex. 2N Preliminary  
Evaluation of the 
signal time width

BC-412 2N (2B*)

proton beam

5 mm 5 (3) mm

Proton beam@CNAO:
• energy 70- 220 MeV  
• sigma ~1cm

Experimental SETUP:
• PMT H10721-210, risetime ~0.57ns 
• DAQ LeCroy HDO6104-MS 2.5Gs/s
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BC-412 2N (2B)

proton beam

5 mm 5 (3) mm

120 MeV70 MeV

220 MeV170 MeV

• 2N

• BC
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-���3RXWKDV��,Q�S��&DHQ�
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Concentration study on the 2N scintillator

sample

Source
Black Box

Experimental SETUP:

• PMT XP1911 PHOTONIS  
• Daq: VME QDC (12 bit) and TDC 
• sources: 137Cs, 22Na, 60Co, 90Sr

14.4 mm 

10 mm 
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Concentration study on the 2N scintillator

sample

Source
Black Box

Experimental SETUP:

• PMT XP1911 PHOTONIS  
• Daq: VME QDC (12 bit) and TDC 
• sources: 137Cs, 22Na, 60Co, 90Sr

Before After 

mechanical cutting

14.4 mm 

10 mm 
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Concentration study on the 2N scintillator

sample

Source
Black Box

Experimental SETUP:

• PMT XP1911 PHOTONIS  
• Daq: VME QDC (12 bit) and TDC 
• sources: 137Cs, 22Na, 60Co, 90Sr
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From this analysis is it possible to 
study the charge response as a 

function of the scintillating 
concentration in the samples. 
The aim is to identify the most 
favourable concentration and 

possible saturation.
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Concentration study on the 2N scintillator
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Concentration study on the 2N scintillator
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p0        17.8±  6153 
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p2        0.09± 16.57 
p3        1.414e+00±7.805e+05 − 
p4        1.4±   255 
p5        5.6±   129 
p6        0.6± 124.7 
p7        0.48± 13.59 
p8        1.4±   100 
p9        1.4±   255 
p10       3.3± 234.5 
p11       1.88± 82.02 
p12       0.83± 34.72 

Photons at 511 and 1274 keV

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

*1% 3%

5% 7%
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Concentration study on the 2N scintillator

1 2 3 4 5 6 7

Concentrazione [%]

0

20

40

60

80

100

120

 C
ha

rg
e 

M
ea

n

Compton 2N Cs 662 keV

Compton 2N Na_511 keV

Compton 2N Na_1274.5? keV

Compton for sources

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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Calibration for 2N at 7%

* Fit with a gaussian for each Compton spectra and with a gaussian for 
pedestals and  background
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p0        6.518±124.9 − 

p1        0.01525± 0.3344 

p2       06− 8.025e±0.0001128 − 

p0        6.518±124.9 − 

p1        0.01525± 0.3344 

p2       06− 8.025e±0.0001128 − 

Calib of 2n at  7 %

Calib with sources
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Calibration for 2N at 7%
  137Cs: 
    Photopeak, Eγ = 661.66 keV; Compton edge, Ee = 477.34 keV  
   22Na: 
    Photopeak, Eγ = 511 keV; Compton edge, Ee = 340.67 keV 
    Photopeak, Eγ = 1274.54 keV; Compton edge, Ee = 1061.71 keV  
   60Co: 
    Photopeak, Eγ = 1173.2 keV; Compton edge, Ee = 963.39 keV 
    Photopeak, Eγ = 1332.5 keV; Compton edge, Ee = 1118.11 keV  
    Average 1252.86keV; Compton edge 1040.79
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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). 

In the framework of the TOPS project tens of new scintillators, in 
liquid and solid samples, have been prepared and characterised in 
therm of light output and timing properties with cosmic rays. 

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.
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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 

Possible neutron/gamma PSD will be investigated

… TOPS Next Steps
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Appendice 75

Solidi

Figura 4.38. Spettro in emissio-
ne dell’Anthracene solido e del suo
corrispettivo dopato con il POPOP.

Figura 4.39. Spettro in emissione
del BC-412 solido e dell’Anthracene
solido.

Figura 4.40. Spettro in emissione del-
lo scintillatore solido 2N, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.

Figura 4.41. Spettro in emissione del-
lo scintillatore solido 2B, del suo cor-
rispettivo dopato con il POPOP e
dell’Anthracene solido.


