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Current understanding of the scintillation mechanism
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Ultrafast spectroscopy
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Accessible only through ultrafast techniques:
* Transient absorption (pump & probe experiments) m non-radiative processes
e Ultrafast luminescence (time & wavelength resolved) m radiative processes
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The approach
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Steady State and Radlolumlnescence
Time Resolved " g~ 3
Photoluminescence

Studying Deconstructed Scintillators

Disassembling Scintillation Mechanisms
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Polystyrene Polystyrene + PPO  Polystyrene + bis-MSB  Polystyrene + PP0 + bis-MSB

Polystyrene bis-MSB




Sample Synthesis
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Dopants

Polymerization

Styrene (monomer) Atactic Polystyrene o 'Y o [ ¢
_m POPOP (1,4-bis(5-phenyloxazol-2-yl)benzene)
1. PS 10 0 0 0
2. PS+1% PPO 9.9 100 0 0
3. PS+0.2% POPOP 5.98 0 20 0
4. PS +0.2% Bis-MSB 9.88 0 0 20 5
5. PS+1% PPO + 0.2% POPOP 9.98 100 20 0 “

6. PS+ 1% PPO + 0.2% Bis-MSB 9.88 100 0 20 Bis-MSB (1,4-Bis(2-methylstyryl)benzene)



Steady State Spectra
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2. (Poly)styrene

Polystyrene + Residual Styrene - . =260 nm
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Steady State Spectra
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1. Polystyrene

NVacuum _________
T 2
. =

L .

L - s,
T, | T

—_i P :

Sox ] &
Polystyrene

Berlman, I. B. (1965)

Normalized Counts

o
M
l

1.0

o
o
1

O
()
1

o
~
1

0.0

Polystyrene

‘--H'"

— evc = 260 NM

=== X-ray Luminescence
e o Polystyrene

280

300

320

340 360
Wavelength (nm)

380 400 420



Steady State Spectra
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Steady State Spectra =f
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Steady State Spectra
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PL can be used to probe earlier stages of energy
transfer and determine its efficiency. 13
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Counts

Normalized Counts

Optical Excitation Decay vs Scintillation Decay

10%4

10°

Prompt
=== Polystyrene w/o styrene=s=Fit 1,5, =213 ns
=== Polystyrene w/ styrene == Fit t,; —=11.6ns

PS+PPO = Fit 1355, = 2.03 NS
PS+POPOP “=Fit 435 oy = 3.06 ns
PS+PPO+POPOP @=Fit 745 ym = 1.90 NS

== PS+Bis-MSB @=Fit 7430 m = 4.93 NS

«=PS+PPO+Bis-MSB  ==Fit 150,y = 2.41 NS

1]l |]li‘lil!1\ e_. _"“

80 100

Time (ns)

10%4

s Polystyrene w/o Styrene === Fit ¢ = 18.80 ns

s Polystyrene w/Styrene
PS+PPO
PS+POPOP
PS+PPO+POPOP
PS+Bis-MSB

P S+PPO+Bis-MSB

J
Rlbic., g,

b

emmmFitt=11.23 ns
s Fit 1= 2.49 ns
e Fit 1= 502 ns
s Fit 1= 2.53 ns
e Fit 1 = 3.58 ns
emm=Fitt= 2.14 ns

10*4 w
20

40

60

80 100
Time (ns)

120 140

Decay time (ns)

~

BERKELEY LAB

22 - —a— Optical Decay in Solution
. —o— Optical Decay in Bulk
| Scintillation Decay in Bulk
18
16
14
12
| \ Vacuum
10 L e
8 AT S =
6 ] s;;lystvr:ma S!vrefle am;i.;m i:‘Sl _""S" o
4 7 K s;;lystyrene Styrene ~PPO ms.Msm;opop
2 - \_’ —
7 T —
] —a— ——
0 T I T I T I T I T T T T
Polystyrene Styrene PPO POPOP Bis-MSB PPO+POPOP PPO+Bis-MSB
330 nm 307 nm 365 nm 425 nm 430 nm 425 nm 430 nm

Sample and Emission Wavelength

14



Normalized counts

Normalized counts

Light Yield Measurements
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Singly doped samples
behave similarly

Co-doping nearly doubles
the light yield.

POPOP and Bis-MSB have
comparable light yields.

Light yield does not
correlate with energy
transfer efficiency.
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* What are the advantages of using optical techniques?
* PL can be used to shine light on earlier processes using tunability of excitation energies.

* PL decay can be used to estimate energy transfer efficiency between host and solvents.

* What we learned?
* PL decay can be used to estimate scintillation decay.

* Breaking the energy transfer chain reduces energy transfer efficiency and light yield and slows

scintillation decay time.

* Co-dopingincreases light yield but reduces the energy transfer efficiency from styrene.

* What is next?
* Understanding the role of residual styrene by removing it or measuring the amount.

* Varying dopant concentration to better understand their roles.
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