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ABSTRACT

We are developing scintillating-fiber detectors incorporating organic liquid 
srindllanon cocktails in glass capiUazies. The organic solvents.have high refiacdve 
index, making them suitable as core materials for scintilladon waveguides. Only 
one fluorescent dye at high concencradon (1%) is utilized in the soludon. This 
ensures that the dominant energy transfer between solvent and solute will be 
nonradiadve, and that fluorescent emission from the dye will be local to the 
ionizadon deposidon in the material. Hence such structures might be suitable for 
high resolution tracking devices. Liquid scintilladon solutions may also provide 
advantages in radiation resistance and replaceability.
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INTRODUCTION

Scintillating fiber detectors are being actively developed and utilized for tracking 
and calorimetric applications in particle physics. The conventional materials utilized for 
tracking devices have included coherent plates of scintillating glass fibers [1,2], coherent 
plates of polystyrene scintillating fibers [1,3], and single strand fibers and ribbons of 
polystyrene-based scintillators [4], In this paper, we present initial results on the 
development of liquid scintillators which, when contained in glass capillaries, offer the 
prospect of yielding high-resolution and high-efficiency scintillating fiber detectors [5].

We are particularly interested in tracking and micro-vertex applications. To be 
suitable media for such applications, scintillation liquids must satisfy the following criteria:

1. The refractive index of the liquid should be considerably greater than that of 
conventional borosilicate glasses. The greater the liquid index, the greater the percentage of 
light trapping by total internal reflection.

2. The scintillation liquid should contain only a single solute (dye) in large 
concentration (of order 1%) so that energy transfer between solvent and dye will be non- 
radiative [6]. The dye should have large Stokes' Shift, so that self-absorption effects in the 
scintillation medium are minimized over the emission spectrum of the dye.

3. The scintillation liquid should have high quantum efficiency and fast decay.

4. The liquid scintillator should be radiation resistant.

SCINTILLATION MATERIALS

In order to make a useful fiber-optic waveguide, one must have a guide structure in 
which the core material has a higher refractive index than the cladding material. Table I 
indicates the range of refractive indices available in currently used scintillation materials. 
As can be seen from the table, liquids should have n > 1.52 to be of any use as core 
materials.

TABLE I
SCINTILLATION WAVE GUIDE MATERIALS

GLASS SCINTILLATORS GS1/2 CORE 
CLAD: GLASS

n ® 1.56 
n * 1.467 - 1.49

PLASTIC SCINTILLATORS POLYSTYRENE 
CLAD: PMMA or 
VINYLACETATE

n a* 1.59

n » 1.46 - 1.49

GLASS SCINTILLATORS CORE LIQUID 
CLAD: GLASS

n (core) > n (clad) 
n =s 1.49 - 1.52



As Table II indicates, conventional solvents for liquid scintillation cocktails have 
refractive indices which are too low to be useful as core materials for waveguides.

TABLE H
REFRACTIVE INDICES OF CONVENTIONAL LIQUIDS

MATERIAL REFRACTIVE INDEX*

Benzene < 1.50
Toluene < 1.50
Xylene < 1.50

Ethanol < 1.40
Methanol < 1.40

Mineral Oil 1.47

’"catalogue values

Therefore we have attempted to identify potentially interesting, high-refractive- 
index liquids which could serve simultaneously as suitable scintillator solvents and suitable 
core materials for liquid-in-capillary devices. Table m indicates a partial listing of such 
solutions.

TABLE HI
HIGH REFRACTIVE INDEX LIQUIDS

MATERIAL REFRACTIVE INDEX*

Benzonitrile
Benzyl Alcohol
Sphenylpyridine
Imethylnaphthalene
2-(p-Tolyl)pyridine
2phenylpyndine
Iphenylnaphthalene

1.527
1.545
1.616
1.617
1.617
1.623
1.664

•catalogue values

Of these materials, the high refractive index of the Iphenylnaphthalene affords the 
greatest light trapping capability. As will be shown below, this compound has also 
yielded the highest efficiency scintillation solutions that we have prepared and tested.



SCINTILLATION EFFICIENCY AND FLUORESCENCE PROPERTIES

Our objective has been to create efficient, liquid scintilladon "cocktails" which are 
binary solutions, incorporating a single dye with a given solvent This choice is motivated 
by die desire to create efficient fiber detectors with small cross section (2S-50 microns) 
while maintaining good optical attenuation length properties (meter or longer lengths). This 
requirement is not satisfied by conventional ternary scintillators which incorporate wave- 
shifting from primary to secondary dyes to achieve simultaneously high efficiency and long 
attenuation length.

Of the liquid solvents listed in Table in above, we report here initial measurements 
with benzyl alcohol (BA), Imethylnaphthalene (1MN), Sphenylpyridine (3PP), and 
Iphenylnaphthalene (1PN). Studies of benzonitirfie have been deferred because of its 
relatively low refractive index. The 2-(p-Tolyl)pyridine and 2phenylpyridine were 
brownish-colored liquids as received from the manufacturer - and could not be studied 
without further, signficant purification. For purposes of the initial measurements reported 
here, the solvents (BA, 1MN, 3PP, and 1PN) were used as directly received from the 
manufacturer - without additional purification and without concern for oxygenation [7]. 
More sophisticated handling and control procedures will be utilized in upcoming 
measurements.

In Table IV are shown a list of solvents and fluorescent dyes which have been used 
in our fluorescence measurements, plus acronyms which we have employed to label the 
scintillation solutions listed in Tables V and VI.

TABLE IV
' ACRONYMS FOR SOLVENTS AND DYES

IT*2TT
2pTt
PS
PVT
PW1A

SA

XPM
IMt

l-plMnylnapciialan*
l-awCAyUiapcnaiana
bvnsyl alcana1
3-pnanyIpy ridina
Z-pnanylpyridlna
Z- (p-ealyU pyrtdina
palyseyrana (polyvinylSaAswiat
palyvinylealuona
poly (aacnyl aacnacryUcal

C3ZZ
C««3

CouMrln 322 *
CauMrln 4iS

€340* CauMCin S40A

■PO
OMPOPQP

TVS
OPH
OVA
S-PSO
□MAMS
set
3-HT
Z.ZHST
Z.ZMSMST

Z.ZMBO 
2.2H3MSO

2.2. COST

1,1. 4.4-e«erapnanyl-l. 3-BuMdi«n« 
1,C-di?A«nyinaxaerl*n«
9.10-dlpnanylanencacana 
Sueyl-P90
4-dlaacnyLaa Ino-4’nle raacllbona 
4-(dlcyanonacnyLanai-2-«aenyl—»- 
(p-dlMenyl-aalnoseycyll -4H-pypan 
3-nydroxy elaven*
Z-(2"-nydroxypnanyl)-sootoeniaxola 
2-<2'-ftyaraaypnanyi -S'-aacnyl) - 
tMnzaeniaxol*
Z-{Z*. -dtftydtoxypnonyU - 
Somaeniaxola
2-(2 *-nydraaypnany1)-oanzoxatola 
Z-<2* -ftydraxypnany 1-5 ’ -i»«cnyU - 
bMzaxasola
Z.2*-aipyridyL-). 3* -dial 
dlaaenyl-PCPOP
1-pnany l - 3i sy l-py raxo l in*



In Table V are listed the spectral characteristics of saturated solutions of binary 
liquid scintilla ton. The last column of the table indicates the scintillation efficiency of the 
solutions relative to Bicron SOI, which is a ternary scintillator with light output 80% that of
Anthracene. The scintillation efficiencies were measured using a VUSr source, which was 
used to excite liquid samples of approximately 2cc volume contained in quartz cuvettes. 
The cuvettes were placed in optical contact with a Hamamatsu R1104 PMT using Coming 
Q2-3067 optical couplant. The quantum efficiency measurements have not be corrected for 
the S20 cathode response of the photomultiplier. Excellent scintillation efficiency is 
obtained for numerous dyes in the naphthalene solutions, and in particular, the 1PN 
solutions. Even dyes with large Stokes' shifts such as PMP and BPD produce excellent 
results.

TABLE V
PROPERTIES OF BINARY LIQUID SCINTILLATORS

SOX.VCHT sown <•**> XotlM*) HXX..BT.

ITN <322 1.344 400m 470m 1.0
XFN C4B3 l.C<4 400iui 430m 1.0
UN C340A 1.334 420m 430m 1.0
UN TPB 1.334 330m 430m .33
UN OPH 1.334 330m 430m 1.0
UN 3-HP 1.334 370m 330m .73
UN 2.2HBT 1.334 330m 320m .47
UN 2.2H3MBT 1.334 3S0m 323m .43
UN 2.2HBO 1.334 .33
UN 2.2H3KBO 1.334 .33
UN 1.334 ' 430m 390m .77
UN 004 1.334 430m 373m .32
UN n» 1.334 330m 430m 1.09
UN OPA 1.334 1.09
UN are 1.334 333m 300m .32

atCRON SOt (far comparison 1 423m .93

UW <322 1.313 413m 4B0m .73
1MI C4B3 1.313 400m 470m .78
1M9 C340A 1.313 410m 4B0m .70
im ua 1.313 373m 430m .32
uw OPH 1.313 390m 430m .80
INN 3-HT 1.313 330m 330m .30
uai 2.2K8T 1.313 330m 320m .32
U« 2.2KSMBT 1.313 430m 330m .34

) IM< 2.2HBO 1.313 330m 4B0m .44
1 U« 2.2H3KBO 1.313 320m 300m .40

UW OHAMS 1.313 470m 320m .32
DM OOt 1.313 473m 330m .41

p DM (HP 1.313 323m 430m • 99

d) aa <322 1.340 400m - 310m .30
C-D BA C4B3 1.340 390m 310m .42

BA C340A 1.340 430m 330m .30
III BA tP8 1.340 330m 440m .30
U-J BA OPN 1.340 330m 430m .30

BA B-PBO 1.340 330m 330m .33
OQ BA 3-HT 1.340 330m 330m .33

BA 2.2HBT 1.340 390m 430m .33
■ BA 2.2K3KBT 1.340 .24

mm | BA 2.2. (OBT 1.340
BA 2.2XBO 1.340 330m 430m .23
BA 2.2M3NBO 1.340 3S0m 440m .27
BA OHANS 1.340 470m 310m .22
BA oat 1.340 430m 310m .29
aA rw 1.340 330m 430m

2tr <322 1.313 420m 430M .38
UP C4B3 1.313 400m 440M .39
UP <34<yk 1.313 420m 300m .33
UP TPB 1.313 370m 490m .31
UP OPN 1.313 370m 430m •
3PP 3-NT 1.313 370m 3S0m • 31
UP 2.2HBT 1.313 330m 320m •33
UP 2.2MBO 1.313 3B0m 400m •29
3PP 0MAN3 1.313 470m 320m

3PP oat 1.313 470m 300m .26
UP B-PBO 1.313 320m 3S0m • 39

•3olv<9ne refractiv* Index treasured at Siflnw jnd quoted from 
Manufacturer catalog.



In Table VI are listed fluorescence decay times for selected materials. The 
measurements were performed using a YAG laser spectrometer, and decay times were 
measured at the peak of the fluorescence emission for a given soludon (refer to Table V for 
appropriate wavelengths). The decay times are in the few nanosecond range and are 
consistent with single exponentials. During these measurements, we did not observe 
obvious slow components. Additional measurements will be performed to determine 
whether or not such components are present at a low level

TABLE VI
FLUORESCENCE DECAY TIMES OF SELECTED LIQUID 

AND PLASTIC SCINTILLATORS

MKtBtrM.

IPN/C322 
lfM/C48S 
1PM/T7S 
1PM/3-Mf

(.32ns 
(.97ns 
3.17ns 
3.13ns

1M/C322
ItM/TPS
UPI/3-HF

3.24ns
4.74ns
3.((ns

8A/C322 
■A/TT3 
■a/3-Hr

(.23ns
4.32ns
2.73ns

PS/TPS 
PS/3-HP

4.71ns
3.73ns

REPRODUCED FROM BEST
COPY



OPTICAL ATTENUATION LENGTH

Measurements of optical attenuation length are underway using 1mm diameter, 
liquid-filled, glass capillaries. Again light is detected with a R1104 PMT with S20
photocathode, and the scintillator is excited using a Sr source. For a saturated soludon 
of Coumarin 522 in 1PN, we observe an attenuadon length of approximately 75cm. We 
now have capillaries on hand with diameters in the 25-50 micron range, which will allow 
us to extend our measurements of the characterisdcs of liquid-in-capillary detectors to 
structures of very small cross section.

DISCUSSION AND CONCLUSIONS

Liquid scintillators hold great promise as fast, radiarion-hard, replaceable media for 
tracking a calorimetric detectors. Because of the efficiency and optical transparency of 
binary liquid solutions, they also may serve as microtracking devices when contained in 
fiber capillaries of very small cross section. The fluorescence efficiency is competitive or 
better than the best plastic scintillation materials, and the solutions are easily prepared. 
Solutions of very high refractive index are possible, allowing for efficient trapping and 
transport of scintillation light within capillary waveguides.

Important extensions of this program include:

1. The continued development of scintillation solutions.

2. Improved purification and oxygen-control procedures during solution 
preparation and handling.

3. Systematic measurements of radiation damage.

4. Development of radiation resistant cladding materials.

On the latter point, we are exploring the use of Cerium glasses of low refractive 
index as radiation-hard capillary material. Previously, we have reported the use of Cerium 
glasses as radiation-hard scintillation detectors [8]. We are now seriously considering the 
use of these materials for their radiation resistance properties, rather than scintillation 
properties.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof.
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