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ABSTRACT

We are developing scindllatng-fiber detectors incorporating organic liquid
scindlladon cockrails in glass capillaries. The organic solvents.have high refractive
index, making them suitable as core materials for scintllatdon waveguides. Omly
oné fluorescent dye at high concentratdon (1%) is udlized in the soludon. This

B ensures that the dominant energy wansfer between solvent and solute will be
t nonradiadve, and that fluorescent emission from the dye will be local to the
“ jonizaton depositon in the material. Heace such soructures might be suitable for
- high resoludon tracking devices. Liquid scindllaton solutdons may also provide

advantages in radiation resistance and replaceability.
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INTRODU_CTION

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 scintllators 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 cohsidcrably 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 scintllation 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 scindllation 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 scintllation materials.
As can be seen from the table, liquids should have n > 1.52 to be of any use as core
materials.

. FTABLE 1
SCINTILLATION WAVE GUIDE MATERIALS

GLASS SCINTILLATORS GS1/2 CORE n =156

CLAD: GLASS n = 1467 - 1.49
PLASTIC SCINTILLATORS POLYSTYRENE n=159

CLAD: PMMA or

VINYL ACETATE n=146-149
GLASS SCINTILLATORS CORE LIQUID n (core) > n (clad)

CLAD: GLASS n =149 -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 II
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 III indicates a partial listing of such

solutions.
TABLE II1
HIGH REFRACTIVE INDEX LIQUIDS
MATERIAL REFRACTIVE INDEX*
| Benzonitrile 1.527
| Benzyl Alcohol 1.545
3phenylpyridine 1.616
1methylnaphthalene - 1.617
2-(p-Tolyl)pyridine 1.617
2phenylpyridine 1.623
1phenylinaphthalene 1.664
*catalogue values

greatest light trapping capability. As will be shown below, this compound has also

\
|
- Of these materials, the high refractive index of the 1phenylnaphthalene affords the
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 scindllation "cocktails” which are
binary solutions, incorporating a single dye with a given solvent. This choice is motivated
by the desire to create efficient fiber detectors with small cross section (25-50 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 III above, we report here initial measurements
with benzyl alcohol (BA), 1methylnaphthalene (1IMN), 3phenylpyridine (3PP), and
1phenylnaphthalene (1PN). Studies of benzonitirile 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
scintllation solutons listed in Tables V and VI.

, TABLE IV
ACRONYMS FOR SOLVENTS AND DYES

1™ l-phenyinapchalene

o, ) l-methylnapthaliens

BA benzyl alcanol

re J-phenylpyridine

rr 2-phenylpyridine

2pTP? 2=(p=calyl) pyridine

s polyscyrene (polyvinylbenzene)

”wT polyvinyicoluene

PMMA poly (mechyl 3echacrylace)

<322 Coumarin 322 °

(L1 }] Caumarin 483

CS40A Coumarin S40A

™s 1,1, 4, 4-cecraphenyl -1, 3-oucadiene

orH 1. 6~diphenylhexacciene

oPA 9, 10~diphenylanchiracene

8-#30 Bucyl-F30

DMANS 4~dimechylamino-4°’nigcoscilbene

oM 4= (dicyanomethylene) ~2-mechyl 3=
{(p=dizechyl-aminastyryl) <dH-pyran

Jenr J-nydroxy(lavone

2, 2M8T 2-(2° -hydroxyphenyl) -benzochiazole

2, 24SMBT 2-(2° ~ayacanypnenyl -5’ -sachyl) -
bDenzoehiazole

2.2, 6087 2-(2°, 6' ~athyaroxyphenyl) =
benzothiazole

2.2M00 2<(2° -aydroxypnenyl) -Benzoxazole

2, 2ZusMm0 2+(2° ~hyaroxyphenyl-3’ -mechyl) ~
denzoxazole .

aro 2,2°-bipycidyl-1,3'~alol

omPQrce aimechyl-POPOP

ne l-phenyl-l-nesizyl-pyrazoline

* REPRODUCED FROM BEST
AVAILABLE COPY



_ .. InTable V are listed the spectral characteristics of saturated solutions of binary
liquid scintillators. The last column of the table indicates the scintillation efficiency of the
solutions relative to Bicron 501, which is a ternary scintillator with light output 80% that of

Anthracene. The scintillation efficiencies were measured using 2~ Sr 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 Corning.
Q2-3067 optical couplant. The quantum efficiency measurements have not be corrected for
the S20 cathode response of the photomultiplier. Excellent scintillaton efficiency is
obtained for numerous dyes in the naphthalene solutions, and in particular, the 1PN
solgfxons. Even dyes with large Stokes' shifts such as PMP and BPD produce excellent
results.

TABLE V
PROPERTIES OF BINARY LIQUID SCINTILLATORS

SOLVENT SOLUTE Azalv Aapg(max)  Apgimax) REL.EYT.
i €322 1.664 400nm 470nm 1.0
T caas 1.664 400nn 460nm 1.0
18 CS40A 1.664 420nm 480nm 1.0
T s 1.664 380nm 4S0nm .85
T oru 1.664 360nm 430nm 1.0
1 34T 1.664 3700m $30nm .7
1N 2,2u8T 1.664 360nm $20nm .47
1 2.245M8T  1.664 360rm $25nm .43
1 2, 2180 1.664 .58
1N 2,2M5M80  1.664 .53
i 1.664 - 460nm 5$90rwm el
1N ot 1.664 460nm $75nm .52
1 ne 1.664 360nm 4300m 1.09
1N oFA 1.664 1.09
12 o0 1.664 3650m $00nm .82
BICRON SOl (for comparison) 425nm .98
u 22 1.616 415nm 480nm .78
us cass 1.616 400nm 4T0nm .18
10e CS40A 1.616 410nm 4800m .10
e s 1.616 37Srm 450nm .52
e oen 1.616 390nm 430nm .80
1 J-Hr 1.616 360nm $30nm .60
: T 2, 2187 1.616 350nm 520nm .32
b fri .2usM8T  1.616 160nm $30nm 34
v U 2.2M80 1.61§ 3300m 480nm R
(W] v 2,2u3M80 1.616 320nm $00nm .40
m pe, OMANS 1.616 470nm 620nm .62
- e oa 1.616 TSom S80nm a1
2 o T ne 1.616 3250m 430nm .99
) | o } Ty es22 1.340 4000w - $10nm .60
< | sA cess 1.340 390nm S10nm .42
o BA CS40A 1.340 460nm 330nm .50
e L g aA s 1.540 360n= 440nm .10
aA oeu 1.540 360nm 430nm .50
[ — SA 8-#80 1.54¢0 130nm 360nm .66
- Qan BA J-ur 1.540 360nm $30nm .36
s <C sA 2. 21T 1.540 3900m 450nm .38
— vy 2. 28mT  1.540 .24
—_— o SA 2.2.608T 1.340

Q) < » 2.2180 1.540 360nm 430nm .26
Q BA 2, 2M8MBO 1.540 380nm 440nm 27
— 8A orANS 1.340 +T0nm 6100m 22
C < 8A oc 1.540 460nm 610nm .29

Q. 8A ne 1.340 330w 430nm
I""‘" Ive cs22 1.616 4200m 480nm .38
Ire cens 1.816 400nm 440nm .39
Ive cS4qa 1.616 420n= S0Cnm .6
Iee T8 1.616 I70nm 450nm 7
Ire oen 1.616 370nm 4310n. 237
ive Jonr 1.616 170nm $S0nm 1
Jee 2,2n87 1.616 360nm $20nm .23
P 2.2M80 1.616 380nm 480nm .29
ler OrANS 1.616 0= 6200 .34
Ire oe 1.616 «70nm 600nm .26
Ire s-#80 1.616 1200 380nm .37

egglvene cefractive lndex measuced a¢ S80nm snd quocea ‘am
Manufactucer cacalog.

R



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 solution (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

MATERIAL LITEIIME (T}
1PN/CS22 6.32ns
1PN/C38S 6.9"ns
1rn4/T?8 J.8ns
1BN/ J=-HE - S.l3ins
1MN/CS22 3.24ns
1mN/TeS 4.74ns
1M/ 3-HE 3.88ns
BA/C322 6.23ns
BA/TPS 4.52ns
BA/Z J-HF 2.73ns
?3/7TPS 4.7ns
PS/73-HEC . 5.73ns

REPRODUCED FROM BEST
AVAILABLE COPY



OPTICAL ATTENUATION LENGTH

Measurements of optical attenuation length are ﬁnderway ixsing 1lmm diameter,
liquid-filled, glass capillaries. Again light is detected with a R1104 PMT with S20

photocathode, and the scintillator is excited using a 9°Sr source. For a saturated solution
of Coumarin 522 in 1PN, we observe an attenuation 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 characteristics of liquid-in-capillary detectors to
structures of very small cross section.

DISCUSSION AND CONCLUSIONS

Liquid scintillators hold great promise as fast, radiation-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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