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Introduction

Lo scopo di questo lavoro ¢ la ricerca e la caratterizzazione di
nuovi scintillatori plastici organici performanti per fast detector.

Le caratteristiche fisiche studiate sono:

e || Light Yield (in % rispetto all’Antracene);

e || guadagno in carica (in % rispetto all’Antracene);
e |a risoluzione temporale;

* || rise time;

e |a costante di decadimento.




Introduction

Antracene

Il gruppo LEOS (Laboratory
of Electro-Chemistry and
Organic Synthesis) ha fornito
soluzioni prima in forma
liquida, successivamente in
forma solida.

Tramite il dipartimento di
SBAI si sono effettuate
misure di spettroscopia e
successivamente (tramite
I’ausilio dei moduli VME
QDC, TDC e WVD) misure di * new scintillators N
guadagno In carica,
risoluzione temporale,
tempo di salita e tempo di
decadimento. | Vial

Yemam, Henok A., et al. Highly Soluble p-Terphenyl and
Fluorene Derivati- ves as Efficient Dopants in Plastic

[1] Scintillators for Sensitive Nuclear Material Detection.
Chemistry-A European Journal, 2017, 23.37: 8921-8931. 3 v




Introduction

SOLVENTE: PVT

Gli scintillator1 liquidi e solidi sono preparati
in vial di uguale geometria. Nella prima fase
viene 1inserita una soluzione costituita
principalmente da (con formula
chimica CoHjo e peso molecolare MW =

354,537 g/mol) e da una piccola percentuale di
Azobisisobutirronitrile (con formula chimica
[(CH;),C(CN)],N, ) la cui funzione ¢ quella di

iniziare 1l processo di polimerizzazione. Si
ottiene quindi 1l , materiale
con cui ¢ composto lo scintillatore
commerciale di riferimento BC-412.

LLa concentrazione di materiale scintillante
all’interno del solvente costituisce 1’1% della
soluzione. Al fine di limitare fenomeni come il
ri-assorbimento, sono i1mmesse quantita di
dopante waveshifter par1 allo 0,1% della
soluzione.

\

\
/)

{




Introduction

Dopanti Waveshifter

I1 POPOP o 1 4-Bis(5-phenyl-2-oxazol-2-yl)benzene N N

¢ uno scintillatore con formula chimica | >—®—< |
C24H16N202, peso molecolare MW = 364 .40 g/mol | N O O
e picco dello spettro in trasmissione Al peak = 474 nm =

mentre il picco in riflessione & Af peak = 410 nm.

I1 DPB o 1,4-Diphenyl-1,3- butadiene € un
materiale scintillante con formula chimica CigH14,
peso molecolare MW = 206,29 g/mol e picco
dello spettro in trasmissione At peak = 463 nm.




Spectroscopy



Transmission setup

UV lens Solid/liquid UV lens White light source
sample

v Ay

UV fiber
Analisi di spettroscopia con
sorgente di luce bianca.

Misura del minimo di Trasmissione
(T=11/lo) per tutti gli scintillatori
analizzati.

Spectrometer lo=intensita luce incidente;
(200nm 800nm) li=intensita luce emergente. 7




Arbitrary Units

Arbitrary Units

Spectroscopy in trasmission
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Transmission
Minimum (nm)

Scintillator Scintillator + POPOP

An

2N

1N 388 £ 1 397 + 1
2B 380 = 1 399 + 1
P2 402 + 1 398 + 1
T2 379 £ 1 398 + 1
386 = 1 X



Luminescence in reflection Setup

UV lens

Solid/Liquid
sample

A
\ <4
<‘> 370nm source
Y 2 v 4

UV lens

Analisi di spettroscopia In
riflessione con sorgente di luce

UV. UV fiber

Spectrometer
Misura di Light Yield (200nm 800nm) _ |

(in % rispetto all’Antracene)
per tutti gli scintillatori
analizzati.




Luminescence spectroscopy In reflection
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Light Yield
(% to Anthracene)

Scintillator Scintillator + POPOP

A

Nota:

Questi valori non tengono conto dei fenomeni di ri-assorbimento interni agli scintillatori.
12



Light Yield [% to An]
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Plot Light Yield [% to An] (in reflection)
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Luminescence in transmission setup

UV lens UV lens UV 370nm

Solid sample N
\ 4
@~
» v 4

UV fiber

Analisi di spettroscopia in
trasmissione con sorgente di luce

UV.

Misura di Light Yield
Spectrometer (in % rispetto all’Antracene) per
(200nm 800nm) tutti gli scintillatori analizzati,

14
tenendo conto del ri-assorbimento.




1on

troscopy Iin trasmiss

inescence spec

Lum

o Sl o I~
© | 3 5 l
N~ = ) 5 s e >
5| o ?l38|9 + 2 | ¥ o
o S | ™ + || F 0|83 3
(R g 3
© S_ v 9 o 2 g S |
c | ¥ o ﬂ : .
1t _ @ ©
2 =) I :\! :
: 7 O : (3 N © —
S|2 |5 S 4w N A w | £ p
5l 5| o Flals & S A s(il.
S| m |l o | = Q| 5| <« < 2 © |8 c S8 c &
2092 | %% < |8 ) €lc §|¢ S 2§ g
I < Al | 2 D | o Q |s 3 IF l
c N <5} I A ) s 3 o g : g
A_ _n.<3u © | § © 0 : : s
|2 5| : 2= £ |2
H 5| : : L]
— 8 s I
m g s Sl18ls (o)
.I i n | & B R_ Ov
> S| % [
= [} (] @ o) 9 \cav
E m o ' o 2 o s © ..udu
e e | I I 258 |
o 2 ¢ ¢ a.«.w
8|3 E|8 = :
| 0 PR
| n Q = et n
- —
a I
—-— a— O KKK -
H—] XXX
o ° @) O o 058
%%
2655
oSe¥eve%
6%%%
_ RS
QU ( \ ' = R
— o%
| _ 96%406%6%0%4%6%6%¢
— —_— s sesetetets
. — c s
- — — ettt ete ety
: "\%00000000%0000
[« o RERRKK
wow.:oo%:oo%ooo
— _ _ ‘ : _ N%«onnwwo»o%%%%&oooo
| | TR 55
O \3 DS Srsrtatetetetotole i
v [¢)) 40000000000000000Q0
A = | .."“a."““»“n.“&m“»vvw«v
& \\oon .»w0000000“0000000&00000000”000000
| : Py %0000%0000%0000%
¢ 80000000000000000
\ 3 s
] (&) GRS i A
- ) - N@n&uuunnonou&onnno"n““w“nv s
s
c TE85e3e%9
o KRRKR
7 5 s .
. L n v Iy Y% S8
1 viesetss P %9 Sssssssss
- \w»n“mwn < I..»u»wnouounnn“n%o“‘"ono%%%%o0000
f-letetels
TR
$5595%! 000 I
v %000 $26%6%456%6%3
% $95%% ) 0 00 00‘000000
I SRS
\ | E =
. pir R SRR
96597 i\.\r\\i:%%::o S = =
RSEEEE: 7 B K 00000%0000%0000%000
f4 AT . ~aea s iess 000000000000000‘000000000
Sheletetetet £ MK 000000000000000&00&000000000000
FORREEL -= &oooo%ooo%%o‘%o&oé& s ‘2:%3:%3 |
 SIrs - &40&000000&0oooo&oo%%ooo%%o s
HBEEEL ot o%%:&o%ooo%::%::o& ooo%oo:%oo:%o
S AL 2.%.3.%23.&2o.éo:of:oftofo
PSS \!«éoo&oooooo:%oooo%z:%o <558 o::%:ooo
7 NN teeesesesesetetetetetels T sites S
BRSS S5 oo.&ooo&o:&:o& Ses s
SEKKLLE .oo‘ooooo00oo0000000000000000%0‘00%0000%0
PS8 ..00%00000%00000%00000%000%%0‘0%000000000000000
S AN, v ......3&&35253&& S
IR - == 50ooooQoooo0Q0¢000¢¢0000¢000¢0000 5 |
Bl teteteteteted O 0 XX IRREIREIK S5 s
0505050055 g e 0e Y% e SRR SSsssssersseetets S5 5
. KKK i R e 0020, ERRRIRKS LK S S
55, % 3 0000@00000000%00000 ooooooooo&ooooooQoo
LK \Nwae&f.%%oo&. s 55
o5 “ *.";«wn».wn»“»“wwwwwu%v“wnu.““““““....wM.“nm““.m.““xwmmw“m“m"m%"
"/ = " I-.VP}'\».’ "0’0“.0‘0"‘00" 55
. 4 .»by?oowowtwo,.o%ooono%%%%o% S8
4 ofesesesstatotels - / /.toﬂﬂ.%owooooo%%%%o%%%% 1
ooTesesesetatotels X i fo»»?o%%ooo%%
wwo%oo%:%o%oo _
_ \ RN $0% %%
ARSI, . -.Xtt
WSS .
QRLSASELIEES . _
R S5sssss N w5555
5 SO e9et .
. N
S NS ¥
‘ NS
eSS
(] K
: _ 7
XL _ [ _
o ____________ 7
IENEREEN P e
[111 - =
. o % 5|22 5 @ 1)
XL Qe = 5 Q15| 9 A
312 T3 ® o gls 2
© < (2 s} Q| | ~ | 8 i
1 S D | o sy
c o _ .
4 < < | B o 3
gle 5 | < _ 2| Ik
APRIR IR 2 | s -~ | & s |5 S
= | e
2le 2|2 S 2 Hod |5 T | e Slslc €
c 4 00 K] c £1¢ - | I.
A | 9. N o 2 5|8 Sld|la &5 S £
| N g ™ H W 3 g8 2 :
© . , ,v., O .B
m 1 : i o=z |g|2 E
3 © | 5 o J
2 — 2 c 5 ’w
£ c 5 e 8§ S |
: = 12 - Ly O .
J | @ Elg|2 £ m.. i "
S K1
2 g |
3= C M0 ] o
N3
— L3l / Lo
% %9 »“ —A v
— W /
o £ T /
y > ]
. ”x j
/,A o
Q | 4u a 2
— Q. ﬂw. 5 F
Q'A %
| Nl O oF
A v A v o Ye) b 29
/x CES
C O a) z.. 5 9
N |
N ]
o
/w“ ; 0
A w v%. C ” 555
/wu. (V)] (d)) a] s 10
— n n 4,40 o S B
\Z 5 - |
.nQn. o RSRSS 4
o . . 0 o : _2 n_ I C
5% .
. .o«. 0T srateteesel
/w. | _ b
” (] it g SIS 4
h— _ = | s
c _ : < u..&
XHHHARA
— - SIS
$95%
o S
3 E
@ o | 7 e
3T -4 s
2393%38- 4\00000000000%0%
. PSS CRRRAA
— (0 ALK s
]
nooo....%%o ]
= o&t\o%onoo%%oﬂo 4
. ® ’)i oL oot % s
£ _ % u.m«mww%%ww..&
& ]
F s
- 7 7 \ = “&%0000%“%0%00%%0 L5 ©
o 2 RIS
\»«%%&0“0%0%0%0%0%%%: o
s %o%oooo%%:s 0
7 .q%“%oooo%%o%&%%‘o%%%o"o%%%%‘.
© 4h0%0ooo00&&0%00&%0%%&&0&%&03 <
T v&%%%%o%%%o%o%o%‘”&o%o0»00a
. < i sssssssd
t‘&:o%%%%ﬂ%\o%o%ooooogﬂg
g ]
X s
?obﬁr»%“&ooo%o%o %ﬂ%&&%%“oo‘oo“.
e «..??%0“«0%%0“&00 s &0%0&
s ..%0%0%&0%%%‘“%0%0 onooo%on‘%%o%“
e o B o...v.......w.%&v&&.ﬁ%ﬁ
B IR LS %o:oooooz%o
S .......f.....?.&f...z..&..
B %o&%o‘o%o&&0%0000%0%00%0&%%0%}
] = -0«?!0%0000%0%%000%0& 0%0%0%&0000000%
KRR S 400000000%0%%00%0 S5 00%%%%%%%\4
et tatetetatets et IS S o»no%%oo::g&
.oooooooooooo‘o%. Gt e {5505 SRS s 5
IS L T SRS %noo:%%%\%oo:o% -
i&oooo%%oooo&oooo.. i %%233\%%%%%&3% secsd
] G TS S s
RIS ST s S o
z%.¢¢o%.&o¢o%¢oé A &5 %%o%o%o:o%o% %033%%20%.
::%3‘%%03%%1 BOSES s SIS o%oooo&ooo&oo%
. :3. < o atets o %o.%»oo&&&%oo‘.&% 4
ot atetatesetess s 4%o¢oooo%ooﬁqéd R o o%ooo%oo:%.
e&é@ooo&&oo&f A-aoéoooo‘%oooooo&ooo% gl 5
N st teretatetessts 9%, T SIS T o IR S
. Sotesesetatototetesetatets 3958 KRG SRR g S s
.3:9000::0:: 2 1%0000000&00 oesesstatets W 55 sy
ooo&oo&é?&&o. QSIS %&oo:o%o%‘%:o e
. ¥ BRI B ey 4. ]
st R SIS S nsss oo (K
S .m“.«..“.”.“.u.".".“.«&.“.w.“.“.“....xm.»x.“.s..“..xq.“ .
vmun“on&uun‘“%&““n&o“ouun»& = - &no»o&o%%n&o‘&»onoooo%%o%0oo&on&oo@w&no?@o&nn&&%nm&&&“onmwno““%“
KIHLLHLL, $20%e%e% e N O BRI % s %
,»%%03%32%13%3 : - "2
cto%oooo%oo:%o:. / - - .
;0000000000000000000. 000000000000000000«’4 |
.ooo%oo%%o&o%%ooo%%oo. s ] o
.«%&o&o&@o&o&o&%&n&@%«. S o&o%o&n&oo?&o%&éx%<& o
.»463&.63&:@3&5.. 5&.&.&%&.&%@.&\. F
;%%23&2%33%32%3, s . 55
«.ooooooooo%ooooo&:o%:f. : tooo:o%o:%o:‘ 3
oSeleteloteteted ooeatetetetetetes 9e5e%s 00%600% 1 %
fotesesesetatoteesetetets KRR 00000 | :
SERRIIRIIIEK otatetetetetoterst - .
Seleteletotetetes SRR 55 © . . 3 -
KRRK 0000000000‘0060000 N eI S
000%000000000000000:0. - 900:0@;:0«0.
— ?&oo:%%o:%%:o%%:#&: ¥ (@) o i totese:
% %%%23%2%%»2&&1 = .%...oo.o%oot.f..?.? %
BB K] \ = . v
4?!%00»0““0"0“““"““0“&0“0“0””“. I.wnvnwn.w“%vowmv%“» W&“&.ﬁ &v&a
s 5% _ .
Yy [ 111
. a i I i [T Td
XL _ [ 11 _ [ 11
Al - - -—
- -
~— -
| Al
l 4
Pl
Yol o

Iun Aresqay
syun Areanquy

600

550

500

450

400



Light Yield
(% to Anthracene)

Scintillatori Scintillatori POPOP

BC 412

An

2N

2B 257 £ 1 615 = 1
1N 312 £ 1 574 = 1
P2 188 + 1 163 = 1

I+
=

253 £ 1 377
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Light Yield [% to An]

Plot Light Yield [% to An] (in trasmission)
Scintillators
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Light Yield [% to An]
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Plot Light Yield [% to An] (in trasmission)
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Setup Sperimentale Solidi
*Soinitator Trager

ViSta Frontale Q Nuovo Scintillatore

L Cosmico

Vista Laterale m Nuovo Scintillatore

Cosmico



Photo Multiplier Tube

PMT QE Gain Rise Time Wavelength
Properties (% at peak) (1500V) (ns) (nm)
XP1911 ~31 5.1 - 106 2.5 300 to 700
Typical spectral characteristics S - 1240
ypIearsp OF = - 100(%)
Sk (mAMW)

Typical gain curve
100 Gain
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7 O

10 f
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Photo Multiplier Tube

PMT QE Gain Rise Time Wavelength

Properties (% at peak) (1500V) (ns) (nm)
XP1911 ~31 5.1 - 106 2.5 300 to 700

/
Typical spectral £haracteristics S - 1240
ypIearsp OF = - 100(%)
Sk (mAMW)
/ Typical gain curve
100 Gain
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Photo Multiplier Tube

PMT QE Gain Rise Time Wavelength
Properties (% at peak) (1500V) (ns) (nm)
XP1911 ~31 5.1 - 106 2.5 300 to 700
/ ~.

Typical spectral £haracteristics S - 1240

- 100(%)

Sk (mA/MW)

100 /

Typical gain curve
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Cosmic ray effects

Le distribuzioni di guadagno in carica degli scintillatori sono fittate con una somma di tre
gaussiane, di cui solo 'ultima riguarda il fenomeno studiato.

f(x) = pO*exp(-0.5*((x-p1)/p2)*2)) + p3*exp(-0.5*((x-p4)/p5)"2)) + p6*exp(-0.5*((x-p7)/p8)"2))

Charge gdc Scint

= chargegdc_Scint

= Entries 30000
%2/ ndf 1228/ 394
po 4.339e+05 + 2.278e+04

pi -78.28 £0.22
p2 20.23 +0.39
p3 13.03 £ 0.01
p4 192+ 1.0
p5 264+ 0.9

p6 22.7+0.1
\“ '“ p7 479.4+05
J‘,., ! ll'i p8 63 +0.1

| .JIU \H il \ ) M\ HIHJ’JJ‘ | '|"||,l

uy,uy ‘1 ’

T TTTTT

| l ’

i l \H\l\

1 1 I 1 1 1 I 1 1 L l 1 1 L
0 200 400 600 800 1000
Charge [pC]

Z

NB: Nella tesi verra effettuato un Rebin

Gaussiana 1

— —> Pledistallo
elettronico;

Gaussiana2 — —>
Attraversamento marginale

del mezzo
da parte di raggi cosmici;

Gaussiana 3 — —> Segnale
(attraversamento totale del
mezzo);

Nei casi in cui il guadagno in carica e molto basso (come per I’Anthracene), le tre gaussiane
Si sovrappongono, per cui viene effettuato un unico fit gaussiano nell’unico picco di segnale

evidente.
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Cosmic ray effects

Le distribuzioni di guadagno in carica degli scintillatori sono fittate con una somma di tre
gaussiane, di cui solo 'ultima riguarda il fenomeno studiato.

f(x) = pO*exp(-0.5*((x-p1)/p2)*2)) + p3*exp(-0.5*((x-p4)/p5)"2)) + p6*exp(-0.5*((x-p7)/p8)"2))

Charge qdc Scint Gaussiana 1
- 0 — —> Piedistallo
ot 788022 elettronico;

p3 13.03 +0.01
p4 192+ 1.0
p5 264 + 0.9
p6 22.7+0.1
p7 479.4+05
p8 63 +0.1

Gaussiana2 — —>

“ Attraversamento marginale

"l| " del mezzo
ikt da parte di raggi cosmici;

|
\ w\
1 1 1

10 &=

T T TTTTTI

Z

T IIIIIIII

1 | Gaussiana 3 — —> Segnale
0 200 400 600 500 haronioe) (attraversamento totale del
mezzo);

Nei casi in cui il guadagno in carica e molto basso (come per I’Anthracene), le tre gaussiane
Si sovrappongono, per cui viene effettuato un unico fit gaussiano nell’unico picco di segnale

evidente.
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Cosmic ray effects

Le distribuzioni di guadagno in carica degli scintillatori sono fittate con una somma di tre
gaussiane, di cui solo 'ultima riguarda il fenomeno studiato.

f(x) = pO*exp(-0.5*((x-p1)/p2)*2)) + p3*exp(-0.5*((x-p4)/p5)"2)) + p6*exp(-0.5*((x-p7)/p8)"2))

Charge qdc Scint Gaussiana 1
: % ewsi|  ——> Piedistallo
102 : elettronico:;

192+1.0

OO TV O OPWOTOXM
oo D h &

Gaussiana2 — —>

Attraversamento marginale
del mezzo

da parte di raggi cosmici;

“.u”ﬂ“ bkl ‘ o ml fif it

u’u\ ‘1 | ]

10

Z

\

L | | HH\ . Gaussiana 3 — —> Segnale
2000400 800800 e le] (attraversamento totale del
mezzo);

o

Nei casi in cui il guadagno in carica e molto basso (come per I’Anthracene), le tre gaussiane
Si sovrappongono, per cui viene effettuato un unico fit gaussiano nell’unico picco di segnale

evidente.
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B chargeqdc_Scint_tdc
Entries 2232
102 x? / ndf 203.9/36
Constant 130.2+3.5
i Mean 10.54 + 0.89
- Sigma 16.91+ 0.57
10
i |J ANTHRACENE
1= I
llllll\llllllllllllllllllllllllllllllll
0 50 100 150 200 250 300 350 400
Charge [pC]
— chargeqdc_Scint_tdc
Entries 2477
x2 / ndf 251.4 /191
p0 327 + 155.6
p1 -20.14 £ 5.55
p2 13.06 + 1.55
p3 75+ 19.9
p4 -602.9 £ 69.0
p5 3547 +21.2
p6 8.894 + 0.698
p7 212.7 + 4.6
p8 57.2+5.7
=y
—lllllllllllllllll ll HAHM]NI[I[JIII]IJI
0 100 200 300 400 500 600 700 800
NB: Nella tesi faremo Rebin Charge [pC]

104 = Entries chardeqde Som 10000
- %2 I ndf 98.83/ 91
- p0 9849 + 353.2
N p1 1.382 +0.023
p2 0.5747 +0.0113
- p3 2.886e+10 £ 2.162e+10
10° s vt
i p6 2552+ 1.72
[ p7 66.47 + 1.16
: p8 17.08 + 1.22
1N
! ANTHRACENE _POPOP
10
R B A S B Ui o 1 Y | | Lo b v by
0 50 100 150 200 250 300 350 400
Charge [pC]
B chargeqdc_Scint_tdc
- Entries 2821
| ¥2 / ndf 294.8 / 291
' 2N POPOP p0 1675 +17.0
_ p1 3.105 + 0.312
102 p2 2975 + 0.686
p3 27.18 +4.15
p4 17 + 34.1
pS 121.9 +10.7
p6 9.505 + 1.024
p7 160 £ 0.2
p8 24.85 +3.49
10
1=
- |
B N
1 L1 1 I 1 L1 1 I Ll Ll \ l L1 1 1 I L1 1 1 I L1 11 l L1 1 1 I
0 100 200 300 400 500 600 700 800
Charge [pC]
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1N

10

| IIIIIII

10

1N_POPOP

1
_l L1 1 I L1 11 I Lol l Lo 11 I L1 1 1 I L1 1 1 I L1 1 1 l L1 1 1 I ltl L1 1 I | { A I I | I L1 1 1 | | I I | l L1 1 1 | I I | I |
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Charge [pC] Charge [pC]
N 3 chargeqdc Scint tdc
- 10° & Entries 3021
¥2 / ndf 209 /191
p0 727.4 + 3841.7
102 2B 2B POPOP p1 0.6151 + 8.4087
p2 0.7265 + 2.2041
5 p3 94 + 322.1
- 10 pd _426.8 + 6765
i p5 229.8 + 135.4
p6 9.865 + 2.278
10— p7 93.82 + 11.14
= p8 53.5+8.2
- 10
i i il |
1 — ~\\~
- 1= '
R B eyl RN RN TR B R A A B S AN R A B R e —. T . | Il | Ll g T |
0 100 200 300 400 500 600 700 800 »g 0 100 200 300 400 500 600 700 800
Charge [pC] Charge [pC]



- chargeqdc_Scint_tdc
M Entries 1742
Constant 80 £2.6
Mean 12.04 +1.34
Sigma 20.77 £ 0.97
10
: P2
1 “
B 1 1 1 1 | | | & 1 I 1 1 1 1 l 1 1 | 1 I 1 1 1 1 l 1 L 1 1 l 1 ]
0 50 100 150 200 250 300
Charge [pC]
10° chargeqdc_Scint_tdc
r Entries 2635
- x? / ndf 505.1 /27
Constant 170.3+0.6
Mean 8.23 +0.04
102 Sigma 12.4+0.2
10
- T2
1=
E llllllllllllllllllllllllllllllllllll
0 50 100 150 200 250 300 350 400

10* = chargeqdc_Scint
e Entries 10000
IN %2 / ndf 218.2 / 81
(N p0 8644 +2.0
3 p1 1.488 + 0.002
10° & p2 0.5188 + 0.0001
it p3 1.41e+10 + 5.98e+02
il p4 -1431£0.0
p5 2345+ 0.0
L D6 5.461+ 0.002
102 £ p7 74.7 £ 0.0
— p8 19+ 0.0
10 = o
1=
:I L1 1 l | I I | I 11 | RN M 1 | L1 1 1 | | I | | L1 1 1 I
0 50 100 150 200 250 300 350 400
Charge [pC]
10% = chargeqdc_Scint
= Entries 10000
T ¥2 / ndf 64.29 / 64
I pO 9642 + 1.1
p1 1.39 + 0.00
10% b= p2 0.5485 + 0.0001
' p3 5.738e+09 + 9.053e+01
p4 -1007 + 1.4
[t p5 167.9 + 0.1
p6 20.91+ 0.01
10° 5 p7 49.66 + 0.00
= p8 19.38 + 0.01
b3 T2 POPOP
1=
111 I | I | I | | I | I | I | I | ” 1 I | I I | I | I | I
0 50 100 150 200 250 300 350 400

Charge [pC] 29

Charge [pC]



BC 412

chargegdc_Scint

- Entries 30000
%2 | ndf 1228 / 394
~ ) 4.339e+05 + 2.278e+04
p1 ~78.28 +0.22
5 p2 20.23 +0.39
10 & p3 13.03 + 0.01
- p4 192+ 1.0
p5 264 + 0.9
p6 22.7+0.1
p7 479.4+05
J. p8 63 +0.1
i
10 H |1l 1 L1
1 N
- N
- M
B 1 | L | | I 1 L | | 1 1 1 }h[\\ | ]
0 200 400 600 800 1000
Charge [pC]
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Mean Charge
(% to An)

Scintillator Scintillator + POPOP

BC 412 4548.3 + 21.9

An 100 630.6 + 11.0

2N 2013.4 + 48.8 1523.8 £ 28.9
1N 846.9 £ 17.7 694.9 + 12.9
2B 747.2 £ 15.5 890.1 £ 15.7
P2 114.2 + 12.7 708.7 = 16.5

78.1 = 0.4 471.2 + 10.6
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Charge_Qdc [% to An]
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Charge_Qdc [% to An]

Plot Charge [% to An]
Scintillators + POPOP
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Time Resolution



Calculation

Le risoluzioni temporali sono ricavate attraverso le
seguenti relazioni.
1) Dal grafico STS1-STS2 (per semplicita ATime), si
ricava la o=0atime ,da CuUI:
(OsTs1=0sTs?2)

Ontime = \/Osrs12 + Osrs2? = \/EGSTsz-

2) Dal grafico Scint-STS2, si ricava la 0=0scint-sTs2 ,
da cui:

OScin—sTS2 = \/ Oscint> + Os152? -

3) Si ottiene quindi il valore della risoluzione temporale
dello scintillatore confrontando i due risultati ottenuti
graficamente, per cui:

OScint = \/ OScint—sTS2> — OSTS2? >

35

Discriminatore

Constant Fraction

A Time STS1-STS2 LTD

deltaTime_STS_LTD_cut
2000| Entries 6603
%2/ ndf 133.6/35
1800
Prob 1.913e-13
1600 Constant 2092 £ 32.4
1400 Mean -36.73 £ 0.01
Sigma 0.596 = 0.005
1200 -
1000[-
800
600~
a0
200
0'n||n|h||ﬁ||n|1uL||Ld1|uln||h||ﬂ
-80 -70 -60 -50 -40 -30 -20 -10 O
Time [ns]
Scint Times to STS2
g 40 Time_Scint_sts2_cut
?: I Entries 1203
g -
2 22/ ndf 287.1/28
120 j Prob 8.408e-45
Constant 11569+ 69
100 Mean 423+ 0.1
Sigma 1,467 + 0,072
80
60
40+
20+ JL]
L
0 ol ean Lo DS T alaiga L la

-60 -55 -50 -45 -40 -35 -30 -25 -20

Time [ns]



AN(1%)_Solido AN(1%)_Solido_POPOP

A Time STS1-STS2 LTD Scint Times to STS2 Scint Times to STS2
deltaTime_STS_LTD_cut g 40 _ Time_Scint_sts2_cut ?00 __ Time_Scint_sts2_cut
2000| Entries 6603 :\U‘): - Entries 1203 E i Entries 1402
c S c L
2/ ncl 1336 /35 3 | dindl  287.1/28 3 | £ [ ndf 239.5/27
1800 120+ 1 %50/
Prob 1.913e-13 ! Prob 8.4080-45 L Prob 6.086e-36
1600| constant 2002324 | || I Comstant 1159260 I Constant  265.6+11.4
100~ Mean 423+ 0.1 i Mean 4359 = 0.03
1400 Mean -36.73 = 0.01 i 200+
[ ) Sigma 1467+ 0.072 ! Sigma  0.7957 = 0.0241
Sigma  0.596 = 0.005 | -
1200 80} i
B [ 150}
1000 N | -
C 60— :
800 [ -
L : 100+~
600 40 i
400 i
L 50 -
. 20 I
200 N i
OI_IIIIIllllllllILLLIIllLIJILIIJ..IIJI[IIII'I]II[ 0 oblllllLll_ullLljllll\ll[ pliibiuds
-80 -70 -60 -50 -40 -30 -20 -10 O -60 -55 -50 -45 -40 -35 -30 -25 -20 -60 -55 -50 -45 -40 -35 -30 -25 -20
Time [ns] Time [ns] Time [ns]

o _sts2=0.421 =+ 0.004 ns 0=1.467 = 0.072 ns 0=0.796 = 0.024 ns
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A Time STS1-STS2LTD

Scint Times to STS2

2N(1%)_Solido

2N(1%)_Solido_POPOP

Scint Times to STS2

2200/ deltaTime_STS_LTD_cut :’g’ : Time_Scint_sts2_cut § [ Time_Scint_sts2_cut
Entries 5883 2 50 Entries 1699 200 o Entries 1811
2000 s 3 |
2 et 06,62/ 20 8 12/ ndf 298.3/28 8 | 22 I nd 274.4/29
1800 Prob 1.622e-09 300} Prob 0 #0F Prob B:981e-42
1800 : Constant 33531 125 : Constant 3559 + 12.5
Constant 2388 + 40.2 300 -
i Mean ~-44.07 £ 0.03 i Mean -43.92 £ 0.03
1a00| Ve ~36.86 + 0.01 2501 i
! Sigma 0.791 4 0.020 - Sigma  0.7895 + 0.0180
Sigma  0.5895 + 0.0061 2501
1200 B 200} :
: B 2 :
1000~ - 00_
i 1501 -
800 ’ 150}
600 100} :
. - 100~
a0 _
A S0~ 501
200_— \“ [
01_.IIII|IIII|III_IIIIII”II‘J_I_|LIIJJLIII|IIII| oblllulllllllllilll Losenbheg o Lo liaal o—JllllllL.LLIILJIIILIJ pdooa baaa il
-80 -70 -60 -50 -40 -30 -20 -10 O -60 -55 -50 -45 -40 -35 -30 -25 -20 -60 -55 -50 -45 -40 -35 -30 -25 -20
Time [ns] Time [ns] Time [ns]

o sts2=0.417 = 0.004 ns 0=0.791 = 0.020 ns 0=0.790 = 0.018 ns
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2B(1%)_Solido 2B(1%)_Solido_POPOP

A Time STS1-STS2LTD Scint Times to STS2 Scint Times to STS2
2500|geitaTime_STS_LTD cut E ! ) Time_Scint_sts2_cut E Time_Scint_sts2_cut
B350/ ool
Entries 6633 ‘2 3 Entries 1979 £ I Entries 1828
3 [ 3 I
#2 1 ndf 100.7 /28 8 [ || 22t 200.8 /26 8 | ¥ 1 ot 2741127
2866 - 350
2000 Prob ! " 300 I Prob 0 - ] Prob 1.002e-42
Constant 2637+ 41.0 » Constant 3251 1.7 I Constant 368.9 + 13.8
- P 300 -
Mean 681001 250} Mean 4322 £ 0.03 [ Mean ~43.88 + 0.02
il nsn 3 Sigma  0.8711: 0.0253 ! Sigma 07952 + 0.0217
1500 [~ 2501
i 200} !
! [ 200
1000 150 _
i I] . 150 n
- 100~ 0
- : 100 -
500 i 0
: S50 501 |
OTIIllllIIIIIIIIILLILlJIl.J.IILIIIlI ohllzllill_lllll]ljlllll\llll lll[llllillLll o-lLllllLlllll‘lhjlll&Alll:ﬂl—ldll[Llllllllll
-80 -70 -60 -50 -40 -30 -20 -60 -55 -50 -45 -40 -35 -30 -25 -20 -60 -55 -50 -45 -40 -35 -30 -25 -20
Time [ns] Time [ns] Time [ns]

o _sts2=0.426 + 0.004 ns 0=0.971 =+ 0.025 ns 0=0.795 = 0.022 ns
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o_res (ns) Scintillator Scintillator + POPOP

An 1.407 + 0.077

0.538 £ 0.026 X

0.671 £ 0.027 0.669 £ 0.024
0.615 £ 0.029 0.610 £ 0.026
0.871 £ 0.030 0.673 £ 0.028
1.009 + 0.043 0.878 = 0.029

1.045 + 0.038 0.754 = 0.027

I+
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Time Resolution [ns]
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Plot Charge vs Time Resolution



Charge_Qdc [% to An]

Plot Charge [% to An] vs Time Resolution [ns]
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Charge_Qdc [% to An]

Plot Charge [% to An] vs Time Resolution [ns]
Scintillators + POPOP
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Rise Time



0.8

0.6

0.4

0.2

Fit del tempo di salita sulla singola onda

-------------------------------------------------------------------------------------------------------------

{ Il segnale in funzione del tempo | g V( l‘) — V() + —ee %
i nella regione della salita dell’onda } T2
I O TP oL e Taparrppm——. S

L Entries 1024

i | %2/ ndf 0.04393 /7

i PO 2.538 + 1.484

B p1 0.1467 +19.9225

. p2 98.08 + 3.33 1 e A
i = 7s = Rise time
- p3 0.240.2 ) Po=71s ?
. 2) p1 = A = Constant;
i 3) p2=to = Initial time;
N 4) p3= Vo = Offset.

0_ L1 1 l 1 1 1 | I 11 1 | l | S l L1 1 1 l 11 1 | l 1 1 1 | I | S l

0 50 100 150 200 250 300 350 400
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PMT

istogramma tau_s

0.6 = Entries 1024
N Mw 2/ ndf 0.02133/7
0.5 PO 3.293 + 2.269
- p1 0.06369 + 2.83509
0.4 p2 149.1+ 3.5
N p3 -0.2+0.3
0.3
0.2
0.1
04]Ill]lllllIllllllllllllllllllllllllllll
0 50 100 150 200 250 300 350 400
60—
50—
40—
30—
20—
10—
0160

histo_tau_ s
Entries 1375
x? / ndf 435.5/117
Prob 3.259e-38
Constant 54 £0.2
Mean 3.293 £ 0.030
Sigma 1.097 £ 0.016

| |- lllll | lllll 1 ) -

|

30 40 50




1__ Entries 1024
i %2/ ndf 0.04393 /7 2N
a p0 2.538 +1.484
0.8~ p 0.1467 + 19.9225
. p2 98.08 + 3.33
0 6‘_ p3 -0.2+0.2
0.4—
0.2
0_lllllllllllllllllllllllllllllllllllllll
_ histo tau s
~ Entries 1035
70— x2 / ndf 181.3/62
- Prob 1.238e-13
60— Constant 54.44 + 3.56
u | Mean 2.795 £ 0.022
- A Sigma 0.4231+ 0.0215
50—
40—
30
20—
10—
011 Illl IVHLII{]'II-ITJ.L"IIIIIHHIIIHIHI lnlllnlll‘lnlﬂnllnl"l‘lﬂnlnl ll’lll’
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_ negative_histo
— Entries 1024
0.7— Mean 208.2
RV VLS Std Dev 119
0.6— ¥2 | ndf 0.02583 /8
- p0 2.786 + 6.967
05 p1 0.09873 + 12.56843
C p2 09.78 + 3.32
— p3 ~-0.1409 +0.1719
0.4—
0.3
0.2
0.1
O :l L1 1 | | I | I | I | | L1 1 1 | | I .| | | I | | | I | | | I | |
0 50 100 150 200 250 300 350 400

2N_POPOP

istogramma tau_s
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15

20

histo tau_s
Entries 3563
x2 / ndf 351.9/95
Prob 3.563e-31
Constant 97.87 + 3.04
Mean 3.46 +0.02
Sigma 0.7988 + 0.0173
25 30 35 40 45




l
S
r

Entries 1024
x2 / ndf 0.008707 /5 2 B

o

. PO 2.731+2.180
B p1 0.1073 + 13.3624
[ p2 87.73 +3.00
- p3 -02+0.2
_llIIIIIIllIIlI|IlII|llIIIIIIlIIIlI|IlII| .
50 100 150 200 250 300 350 400 |stogramma tau_s
- histo_tau_s
60 — Entries 1062
- x2 / ndf 99.31/50
[ Prob 4.152e-05
50— Constant 53.62 + 2.29
[ Mean 2.875 + 0.025
40l Sigma 0.7173 + 0.0203
30—
20—
: I
10—
6‘3_ | I | | | | nl | | I 1 | | | I | | | | I | | | | I



Decay Constant



Fit del tempo di decadimento sulla singola onda

3? Il segnale in funzione V( t) — VO 4+ ( e s — @ 7 )
del tempo ¢
WVD signal single spectrum in Volt
singlespe_wvd_31_OppositeVolt
0.6 — Entries 1024
- ﬂ x?/ ndf 0.5123/116
- PO 5.718 + 2.154
0.5 p1 6.606 + 1.656
- p2 99.54 + 0.69
0.4l p3 0.01+ 0.03 1) po = 7= Decay constant;
- 2) pi1 = A = Constant;
0.3~ 3) p2=to = Initial time;
ol 4) p3= Vo = Offset;
: 5) p4 = Fixed Rise Time.
0.1 \“
0:—_._%—._\,J AN o e N
| l L1 1 1 I 11 1 1 I L1 1 | l L1 1 1 l 1 1 1 1 l 11 1 1 l | I l
0 50 100 150 200 250 300 350 400
time(ns)
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singlespe_wvd_31_OppositeVolt
0.6— Entries 1024
- v2 / ndf 0.5123/116
- PO 5.718 + 2.154
0.5 p1 6.606 + 1.656
: p2 99.54 + 0.69
0.4 p3 0.01+0.03
0.3
0.2
0.1 \Q\
0k . . ~ _ ]
llll[lllllllllllllllllllllllllllllllllll .
0 100 150 200 250 300 350 400 Istogramma tau
time(ns)
o - histo_tau
- Entries 1805
160— x2 / ndf 481.7 /79
- Constant 176.8 £9.9
140— Mean 6.452 + 0.033
- Sigma 1.144 + 0.024
120_—
100[—
80—
60—
40—
20—
:lllllllllllllllllll | ﬂ—J_Llh_l'llTHl
°20 0 5 10 15 20 25 30 35

WVD signal single spectrum in Volt




0.7 ' singlespe_wvd_2_OppositeVolt
- Q Entries 1024
T ." i 2N_POPOP
- p0 7.78 + 2.66
0.5 o1 7.976 + 1.827 —
0.4 p2 101.3 + 1.1
- p3 0.01+ 0.03
0.3
0.2
0.1
0 frnctimusglppn Syt
_0:lllIlllllllllllllllllllllllllllllllllll
10 50 100 150 200 250 300 350_ 400
time(ns) istogramma tau
E histo tau
60 — Entries 883
- x2 / ndf 245 [ 41
— Constant 56.58 +2.17
S0[— Mean 7.079 + 0.038
N Sigma 1.49 + 0.01
40—
30
20—
10—
530:||| 1|1||||111||||||||—|—'-|—‘J_L|-|ﬁ‘—|ﬁ]r|m|1|r|—1||r
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singlespe_wvd_55 OppositeVolt

0.5 Entries 1024
i v2 / ndf 0.7305/125
B PO 5.289 +2.912
- p1 4.836 + 1.455
0.4 p2 90.19+ 1.18
- p3 0.01+0.01
0.3 :—
0.2 :—
0.1 :—
N L
% 50 100 150 200 300 350 400

time(ns)

2B

120

100

80

60

40
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histo_tau
Entries 955
x? / ndf 124.9 /27
Constant 1156 £ 6.2
Mean 6.243 + 0.038

Sigma 0.9584 + 0.0367
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Rise Time (ns) Constant Decay (ns)

3.29 = 1.10 X
2N 2.88 £ 0.72 6.45 £ 1.14
2N POPOP 3.46 = 0.80 7.08 = 1.49
2B 2.87 = 0.72 6.24 £ 0.96
2B POPOP 4.04 + 0.81 7.00 = 0.73
1N 3.11 £ 0.55 6.19 £ 2.54

P2 3.20 = 0.85 X

55



—
o

(0]

Rise Time [ns]

Plot Rise Time [ns]
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Constant Decay [ns]
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Plot Constant Decay [ns]
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Conclusions

1. In base alle 4 proprieta fisiche principali ricavate (il guadagno in carica, la risoluzione temporale, il tempo
di salita ed il tempo di decadimento), gli scintillatori piu promettenti sono: il 2N, il 2B e I’1N.

2. |l confronto di questi parametri ha mostrato una netta differenza di prestazioni tra i nuovi scintillatori ed il

commerciale BC-412, suggerendo la necessita di elementi aggiuntivi performanti.

3. Tutti i tempi di salita degli scintillatori analizzati, eccettuato I’antracene, sono talmente piccoli che la

sensibilita del pmt non permette di rivelarli. ("vRise Time —-> \Time Resolution)

4. Utilizzando il tempo di salita del pmt, & stato comunque possibile ricavare i tempi di decadimento degli

scintillatori, i quali risultano (tranne che per I’Antracene) tutti al di sotto dei 10 ns, come atteso.

Time Constant

[o(/i Ilirii] Resolution Rise time Decay

Scint
[ns] Ins]

[ns]

PMT X X 3.29 = 1.10 X
An 100 1.407 = 0.077 X 13.00 £ 2.47
2N 2013.4 = 48.8 | 0.671 * 0.027 2.88 = 0.72 6.45 £+ 1.14

2B 747.2 = 15.5 0.871 £ 0.030 2.87 = 0.72 6.24 = 0.96
2B POPOP 890.1 = 15.7 0.673 £ 0.028 4.04 = 0.81 7.00 £ 0.73
0.4

T2 78.1 1.009 = 0.043
T2 POPOP 471.2 + 10.6 0.878 £ 0.029

I+
I+
I+

I+

I+
I+

I+

I+ | X< | X<}I+

+ XXX

P2 114.2 + 12.7 | 1.045+0038 | 3.20 * 0.85
1N
TN000) T 0  694.9 + 12.9 | 0.610 * 0.026 X X
BC-412 4548.3 * 21.9 | 0.538 + 0.026 | 2.56 + 0.39 | 3.06 + .79
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To do per la tesi

1.Finalizzare la scrittura del cap. 3 e 4 (le misure);

2.Perfezionare I’analisi sulle forme d’onda e sulle
distribuzioni di carica;

3.Acquisire il 2B 5%;
4.Post scrittura: Cross-Check risoluzione temporale con |l
waveform;

To do per luminarie

1.Cambiare il pmt (mettere uno piu performante);
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