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The development of the PS sensitivity to
v  thermal and fast neutrons

The improvement of evolution parameters



History of plastic
scintillator (PS) in HEP

PLASTIC SCINTILLATOR

Plastic scintillators are known from the early 60-th and are
widely used in high energy physics since 1970.

PS content was designed in the early 60-th of
the last century

-polystyrene, polyvinyltoluene (polymer base)
-para-terphenyl (activator)

-POPOP (shifter)

-Light yield — 10000 photons/MeV
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_— The area of muon detector is some
hundreds of square meters — so, there
are special requirements to PS
transparency — not less than 2.8 m.

counter  length, cm  width, cm thickness, Operation life time must be not less
cm than 10 years, so there are special

CSPL1 240 30,5 2 requirements to radiation hardness.

CSP L2 310 30,5 2

CSP L3 320 30,5 2

BSU 163 16,6 1,5



History of plastic
scintillator (PS) in
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CMS hadron calorimeter




AS A POSITION History of plastic
scintillator (PS) in

SENSITIVE DETECTOR HEP

OPERA

Strips

e ) X
=% WLS fbre éf

SM1 sM2

|ESE

e

| :.l-gh =

L]
g |8 T 'I.«

S i 7

— e

VETO Target area Magnetand PT PT+XPC BMS
RPCs

neutrino beam
—_—

TSmr:n | "

"U N,

Changeable Shéei’é—i I |
!

thickness 3mm k!

-\.\i_



PROBLEMS

In present time it is observed the evolution
In HEP experimental techniques, but there
are no progress in the development of PS

properties.

The PS are the same as in the beginning of
their history



MOTIVATION

Evolution of a physical experiment —
increasing the energy and luminosity -
poses new demands to PS properties

> Itis necessary to develop PS sensitive to
neutron radiation (slow and fast
neutrons)

» To improve PS timing characteristics



thermal neutrons
Idea

UPLOADED PS

To disperse neutron sensitive elements (such
as Gd) in a polymer medium of PS

It is necessary to find suitable organic form for
such elements

©—<CH> % The most suitable organic form

n OH



UPLOADED PS

Solubility
by Gd ,%

n=1 phenylacetic acid 0.02
n=2 hydrocinnamic acid 0.1
n=3 phenylbutyric acid 1
n=4 phenylvaleric acid 1

Most suitable compounds are
complexes of gadolinium ion with
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thermal neutrons

120 ]

100 Bl
] A =N

80 — S
| —— — 1
] ™~ =~ N

60 By =
] By
1 1 .

40 - m 2

20 1

0 T :

0 0.5 1 1.5 2 2.5 3 3.5 4

Content of Gd, wt %

Dependence of relative light yield n(C)
on Gd content in PS with Gd, that
have the best light yield compared to
literature data:

1 - Gd(PhV);-2TPPO; 2 -
Gd(NO,;)3(TBP);



thermal neutrons
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UPLOADED PS

We reach the level of 4 wt % Gd preserving 60 %
light output.

Evaluation of the bulk production



TRIPLET
SENSITIVE

CENTER

It is well known that result of interaction high-energy particles with the
polymer base of PS is the formation of excited singlet and triplet states.

fast neutrons
Idea

The metal-organic complexes of Eu can be transfer excitation energy
from triplet states of a polymer matrix
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By creating two centers in PS volume sensitive to singlet and triplet excite
energy respectively it can create fast neutron sensitive PS.
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fast neutrons
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TRIPLET SENSITIVE
CENTER

Electrons energy Ee, MeV
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Averaged and normalized

Sample Additives content % FOM Remarks
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. Eu[DBM]3Ph DMDPA hifter L59
source alpha particles (Ea = 5.4 MeV u{DAM) Phen i
. 1 2.5 0.7 0.03 1.2
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3 3.5 15 0.04 1.30 Cloudy
0.975 MeV) 4 2,5 1.0 0.03 119
5 4.0 1.0 0.03 1.10  Cloudy
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TRIPLET - TRIPLET J/‘Z;;neutrons
ANNIGILATION

* The main condition of realizing — close proximity
favoring the exchange interaction

* Polymer medium must contain many molecules
long lived triplet states

* Typical content:
v Polystyrene base — 60 wt %
v" Active additive PPO — 40 wt %

v" Activator — molecules of biphenyl anthracene —
0.1 wt%



Qslow/Qfast

Triplet — triplet fost neutrons
annihilation

Current state
Plastic scintillators UPS-112NG. Sample D16x10 mm.
0.26 - Neutrons & gamma from Pu-239. FOM = 1.61

Plastic scintillators UPS-112NG. Sample D16x10 mm.
Neutrons & gamma from Pu-239. FOM = 1.61
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Plastic Scintillator | Light Yield, % | n/y —discrimination | Microhardness
(rel. anthracene) | FOM by Vickers
HV, MPa
UPS-110NG 52 241 24
UPS-11ING 54 1.61 178
UPS-112NG 51 1.61 120

UPS-923A 57 - 231

BC408 63 - 182
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FAST NEUTRON st reuton
REGISTRATION

It IS necessary to continue researches of
searching for new composition

Evaluation of the bulk production



fast plastic
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MOBILITY INCREASI
THE WAY TO IMPROVING
PROPERTIES
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The rise time of a scintillation flash is directly connected with
electrons mobility in a medium. Changing the electrons mobility it is
possible to change the scintillation characteristics of a medium, for
instance, the rising time



fast plastic

CHANGING OF
ELECTRONS MOBILITY Curren
IN A POLYMER MEDIUM
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a polymer scintillator 0.6PS+0.4NPA+0.02DMDSP.

The rise time of the scintillator based on polystyrene and TPA decreased to 0.49 ns
compared to 0.85 ns of the standard scintillator with increased light yield



SEQUENCE OF IMPLEMENTATION I

_ Bulk Implementa
Idea —-Evaluatlnn—-pmduﬂﬁm—r tion
technology

Now we are in
the initial
stages




CONCLUSIONS

» The ways are founded for wide-range
changing properties of Gd loaded plastic
scintillator

» Find a way for the creation neutron
sensitive PS and fast PS

What we have to do?
possibility of changing the PS timing
characteristics

oTo make a step from laboratory routine to
iIndustrial implementation



