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Abstract

Fast detactors with fine spatial rasolution will
e needad to exploit high avent rates at ISABELLE.
Scintillating aptical fibers for fine grained hodo=-
3c¢opes have been developed by the authors. A commer-
clal aspufacturer of optical fibers has drawn and clad
2VT scintillator. Detection efficiencies greater than
997 have been achiaved for a 1 am f£iber with a PMT over
Leaagths up to 60 ca. Saall diametar MT's and ava-
lanche photadiodes have bSeen tested with the Zibers,
Further improvements are sought Zor the fiber and for
che &PD's sensitivity and coupling efficiency with the
Ziber,

Iatroduction

During the lata 1980's at the proton-proton ol-
lider, ISABELLE, fine grained scintillating parcicle
detactors will be asedad €o extract rare svents for tae
study of new particles assoclated with the internmal
constituents of the proton. Up to ten million inter-
actions per second are axpectad with an average of 20
charged sacondaries going mostly forward where up to
2 x 10**]12 particles per second per steradian are ex-
peczed. 3Jetween 100 milliradians and 45 degrees, 30
¥hz ger staradian is expectad ind bHetween 43 and 90
legrees, . Mhz per steradian is expected.

Counting rate and space resolution of particle
detactors iniluence the 3gross gize of aultiparticle
spectrometers £or proton solliders. Fine rasolution
allows short ordits and high rate capabilicy jermics
tracking to jtart clese o the srigin. The volume and
tozal cost of a spectrometer increase as the cube >f
its linear Jimension, Track chambers and fine grained
“odoscopes snhould facilitate efficient use of chesa
coscly volumes. High rate parzicle dateccors can be
nad? £ron new scinzillating oprical Sibers and saall
MI's,

1

Zarly attempts” to produce long bare sciacillace-
i2g filazents of one om diametes vielded maxizum use-
ful lengths of about 15 2m, presumably due zo optical
imperiactions at the garc surface.~ During the 1378
ISASELLE Summer Study” aa effort was Sesun =0 achieve
3 fine 3rained scintillating hodoscope. The axperi-
2nc2 ind axpertisa of cthe fiber cptics industry wvas
appliied to drawing and cladding of scintillating fibers.
A Iilber is irawn ircm a polisned preforam of VT scin-
tillazor and i3 coatad with a cladding of lower rafrac-
tive index., 3are fibers :zapture more of zhe sciatilla-
tionr light but they acquire attanuating surface defeccs
chrougn handliag and exposure. Clad fiders saan iz ip=
0 3mail spaces without 2xtra aaterial for their pro-
teczion.

The geometricai optics of a scincillatiag fider
ara iliustrated in Figure 1., & photodetecior is placed
it one #nd 3L the I{iber. A dasirabie candidatas for
photodetéctor is the avalanche photodiode (APD) which
7as zhe advantages of small size and insensitivity o
mngn.:ic Sieids. It has a quancum afficiency about
fcur timas that of a PMT, but the Jrobabiiiey zhat a
photoeléctron will initiate a detactanle aignal is
sorrespondingly lower, Thus the APD's and PMT's have
comparable sensitivitias.
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A saction of a nodoscope coastructad from scintil-
lacing fibers is illuscraced in Tigure . as a bilayer
of [ibers imbedded in a protactive isolating aatrix.
The centers of the fibers are offset by one radius froam
one layer to the 2ext to assure thac there are n0 cracks
through which a particle aight pass without penetrating
enough sciatillator.
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I. Properties of Scintillating Tibers

The £ibers have been drawm by the Galilao Zlectro-
optics Corporation from preforms purchased Srom Nuclear
Enterayrises. THC drawing and evaluation of f{ibers have
been reporzed. 2.3,

Tibers have bDeen drawn from three VT scintilla-
tors, NE102, NE1l0, and VEI6l. Cladding materials :ave
been silicone, 3lass resin and several Zormulations of
uv cured acrylic. Our avaluations are i{llustrated in
Tigure 2 as attenuation curves for aquivalent 1 mm fi-
bers. The rapid attemvacion of unclad fiber {s demon-
strated. The longest atrenuation lengths are obtained
with VE161 coaced with silicone or glass resin. The
shaded region represants a range of performance of 3il-
icone clad NE161 or zlass resin clad NEI6l. The sili-
cone clad {iber performed closer to the top of this
range :han the Siber clad with glass resin. The new
£ibers and the available shotodeteactors allow as to
construct hodescopes of L mm fibers that are 50 cm long.
Two om diamecer Zibers can be used to uild wdoscopes
whose siaments are 75 ca long

We have characterized the quality of cthe cladding

by an attenuation -angnﬁ. ~. vhere
L= l/h =1/ o/ in(p?
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where D i3 the diamecer of the fider, and p is the prob-
abilizy that a photon survives a reflection at the core-

:ladding surs
ant Tith:

[

ST
LI
w0 O

0

ace. The rasults in Tigure

e,
8344

cafor Dwim
¢z for D e 2 am.

ers parformed
s resin fibers

2 are consist-

che bulk attenuation leng:zh from NE

Some zladding naterials are aore tolerant of han~

zacgy, and in
;ars, szooth
riecas of it

nead of 3 protective outer

The nost fragile cladding, silicone, 1is sofc,

coating. The

lass resin is rather drittle., Sometimes

flaike off zhe fiber. TFor ¢

his reason we

~ave applied 3 buffer coating of uv acrvlic o the
SS !"SJ! <

e tes

[MERYENT w

w o

> iziprove its durability.
wtose performance i3 only
< periormer, ut whose resi

The result ls a
sighely inferi-
stance to dam=~

mardling is siznificantly the bdest (Figure I2),

The fibers accuire the curvature of the take-up
so00l Zor :the <rawing and cladding operation. Ths £i-

ters =ust e
1 "cdoscope.

Individual 73

cue,

stzajghtened, and encapsulated to aake

A polygon shaped zake-up spool or a method
5% sugting the fibers on line will Se triad. This prob-
~ea i3 sore serious for larger dismeter ¢ibers.

IZI. 2eadout Jdotions

ber 2eadout

The protodetector’s cost dominates the cost of a

wdoscope,

Small 2MT's which have Juter diameters of 15 mm

tave been cou

pled to indivic .al fibers.

AC Dest the

PMT i{s an order of magnitude larger than the fider.

New cost reducing meiiods of production are unlikely,
but the eccnomier of scale in production can cut costs.
Of course couvertional 3MT's are sensitive to magnatic
fields. Multisnode PMT's based on microchsanel plate
amplifiers are more tolerant of sagnetic :islds, dut
they have only half the nesded quantum efficiency. The
PMT option for individual fibers requires low aagnetic
fields and adequate space for tha tubes.

The cost of the smaller APD is comparable to the
PMT and it is insensitive to magnetic fields. Cost re-
ducing methods of production are aore likely for APD's
and the economies of scale have yet to be achileved.

The most sensitive APD's are constructed in the
reach=through geometry. Only RCA aarkets seusitive
resch through APD's (RAPD's) with areas comparable to
the cross-section of the fibers. These RPD's operate
in the linear mode below the breakdown voltage and in
the saturated {Gaiger) aode above the draakdown voltage.
In the oore seusitive saturated zode the RAPD must be
cooled to near =70 degrees Centigrade. Hare an elactron
has about a 20 percent probability of causing a dis-
charge, when the bias is just beyond breakdown. This
procability is an incressing function of the overvoltage
30 the probability for discharge depends on both voltage
and the number of photons in the aptical signal. Un-
fortunately afterpulsing introduces a dark counting rate
that increases with overvultage and true counting rate.
An optimum overvoltage balances sensitivity with dark
counting rate.

The Gaiger operation of the RAPD is a new technol-
ogy in which we are cooperating with RCA who is under
contract to improve the sensitivity of the RAPD and to
sackage the RAPD so zmost of the photons from a scintil-
lating £iber can be captured.

Jptically ESucoded Readout

Under most circumstances, the high event rates and
large multiplicities for which the fiber hodoscope is
being developad would preclude any multiplexing schemes
to reduce the Tumber of readout channels. Howvever for
specific applications of low multiplicity iz aight be
o0ssible to effect considerable aconomias in Teadout
electronics bv che use of optical encoding.

Consider ane of two lavers of the hodoscope which
contains n 2laments. Laet r be the square root of n. At
the upper end, che {ibers are groupad in r “uncles, 2ach
consisting of r adjacent fibars. A: the lower ends the
fibers are grouped in r bundles, but the groupings are
such that the first bundle consists of the first fider
of aach bundle at the upper end, the second lower bundle
consists of the second fiber af each bundle at the upper
end and 30 on. Thus a single fiber could “e specified
Y a signal ‘rom one bundle at each and of the lodoscope.
The number of Teadout channels has been raduced Zrom 1
%0 twice r, the square root of n. Of course if more
than one Ziber is hit, the encoding is ambiguous. The
level of ambiguity can be drastically reduced, by zaking
use of the second laver of the lwdoscope and by arrang-
ing the hundles in groupings which are distinet Zrom
those already used. An exanple of such an encoding
schame has been described elsewhere.

“onclusions

We nave developed a scintillacing fiber for Zine
grained wndoscopes. The best results have been obtained
with cores of VEL6l and claddings of siliccne, but this
co bination is too Iragile and sudject to deterioration
with handling. We are seeking a uiffer coat, ta protect
the silicone cladding, as well as other mcre Zurable
cladding zaterials.
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The preferred photodetector for single fibers is
the RAPD. Efforts to improvae its sensitivity and cou-
aling to a fiber are being zade, One 3m fibers for 50
ca hodoscopes and two mm fibers for 75 cm hodoscopes
tave hesn developed. We have begun to construct hodo-
scopes.
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