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ABSTRACT

This reports an investigation into the performance of selected scintillation

oils and fiber materials to test their applicability in high energy, liquid scintilla-

..... tor calorimetry. Two scintillating oils, Bicron BC-517 and an oil mixed for the
B

MACRO experiment, and two fiber materials, Teflon and GlassClad PS-252, were

tested for the following properties: light yield, attenuation length and internal

reflection angle. The results of these tests indicated that the scintillation oils and

the fiber materials had an overall good performance with lower energies and would

meet the requirements of liquid scintillator detection at SSC energies.
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FOREWORD

This report analyzes the data that _,'_.obtained from my University Honors

Fellows Research Project. This research tested some properties of two liquid scin-

tillation oils, Bicron BC-517L [6] and MACRO [7], and two fiber materials, Teflon [sI

.... and GiassClad PS-252 [9],for their suitability in a fiber, liquid scintillator calorime-

ter.

The Superconducting Super Collider (SSC) will require new detecting devices

in order to obtain information from the high energy particles produced at the SSC

energies. Currently, no detector is capable of running at the SSC energies. Before

we can build a detector, we must test various components of the detector to see

if these components are compatible with SSC energies. For the liquid scintillating

fiber calorimeter, we need to test the liquid scintillating oil and the fiber materials.

The properties that we centered this report around are: TIR angle of the fiber

material, light output of the system and the attenuation lengths of each system.

From the data we obtained at the lower energies in cosmic rays, we can extrapolate

the energy resolution and the light output at higher energies.
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SUMMARY

Subject

This report tests various properties of selected fiber materials and scintillation

oils for their use in a liquid scintillating fiber calorimeter at the Superconducting

Super Collider (SSC). The paxticul_r properties of interest axe: 1) internal reflec-

tion angle (TIR), 2) light yield and 3) attenuation length. From these properties

we can calculate the energy resolution of a calorimeter at 4 GeV and the light

output anticipated at this energy with the components tested.

Me_hod of invea_igation

This report examines the testing of two scintillating oils, Bicron BC-517M]

and a scintillation oil mixed for the MACRO experiment at the Gran Sasso
t

Laboratory[ r], and of two different fiber materials, Teflon [sI and GlassClad PS-

252[9]. From this examination of these components we can determine if these

components axe suitable for use in a liquid scintillating fiber calorimeter.

First, this report describes our test cell, a liquid scintillator detector. This de-

scription will include the properties and construction of the detector, the electronic

set-up, and the/_-telescope (muon-telescope).

Second, this report details the testing of the scintillation oil and fiber mate-

rials. The specific properties we are interested in testing is the index of refraction

and the number of photoelectrons versus distance from the P MT. The test of the

refractiveindexofthetwo fibermaterialswas donedirectlyusinga laser,a _!',r

rectangularbox,parai_ oilofindex 1.482[I°]and aluminum slidescoatedwith

thefibermaterial.The testingprocedureforthephotoelectronsand attenuation

length,isa bitmore complicated.This requiredscanningour testdetectorwith
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a p-telescope at varying distances from the PMT and for different oil heights.

We made three different tests using the following combinations: 1) Bicron oil and

Teflon, 2)Bicron oil and GlassClad and 3) MACRO oil and GlassClad.

Third, this report analyzes our data. From this analysis we will obtain the

absorption constant specific to each oil, the total light output of each system and

the refiecdon constant of each oil. This report also shows how light output varies

as a function of: 1) distance from PMT, 2) height of oil and 3) combination of

scintillator oil and fiber material.

Fourth, this report explains the basic operation of a computer simulation

program that we wrote to aid in the analysis of data. The computer simulation

program is ray tracer designed to propagate light through a detector of similar

design as the test detector. This report will discuss briefly the general features of

the simulation, the free parameters and how well the simulation compares to the

data. This report will then discuss possible problems with the simulation program.

Conclusions

For the Teflon-Bicron system, the attenuation length measured for the oil

levels of 4 mm and 3 mm is between 0.645 ± 0.094 - 0.530 -4-u.071 meters, and the

light output at 0 cm from the PMT is _ 8.01 4- 1.10 photoelectrons per mm of oil.

The attenuation lengths increased and the light output per mm of oil decreased for

the 2 mm and 1 mm oil levels. This could be attributed to the fact that the light

output at these levels are arc,und one photoelectron. According to the simulation

program, the Bicron BC-517 oil has an absorption length of 1.0 m and the Teflon

surface reflects 97.0°_ of the light at angles less than the TIR angle of 26°.

For the Gla._sClad- MA CRO system, the attenuation length measured wa_

1.488 4- 0.667 meters for the 4 mm oil level and 2.242 4- 1.435meters for the 3 mm
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oil level. The light output at 0 cm measured for these oii levels was 0.980 -4-0.439

Pe/mm of oil for the 4 mm oil level and 0.647 -I-0.414 Pe/mm of off. These results

could be inaccurate because both of the oil levels have light output on the one

photoelectron level. Because of this, we took an extra data run at the 6 mm oil

level. The results of this run show the attenuation length was ,_ 61.73 m and the
-

light output at 0 cm was ,_ 3.15 photoelectrons. The simulation.program indicates

that the reflection constant of the GlassClad is 98.0%. The absorption length of

the MACRO oil is known to be 10.0 meters. The Till of the GlassClad is 17° and

the refractive index is 1.415.

.Recommendations

The minimum attenuationlengthnecessaryfora cdorimeter isabout 2 m.

Both systems, the Teflon-Bicron and the GIa_sCIad-MACRO, have attenuation

lengths which are close enough to warrant further investigation.

The number of photoelectrons necessary for a reasonable electromagnetic res-

olution at 4 GeV was previously calculated to be 177 photoelectrons. The energy

MeV
loss of a muon traveling through scintillator was calculate_l to be 0.2012 mm o/' oil"

Converting the number of photoelectrons at 4 GeV to the number of photoelectrons

liberated when a muon passes through a mm of oil, we obtain 0.009 photoelec-

trons per mm of oil. Both detectors produced many more photoelectrons than this,

indicating that both materials could possibly be suited for use in a calorimeter.

Further Items to Study

It will be necessary to obtain clearer data from both GlassClad systems. The

data from the GlassClad-Bicron system was inconsistent. The light output for

this system should be remeasured to see if there was a systematic error in this
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data that caused the inconsistent data. Also, one should run some tests on a

Teflon-MACRO system to see how the light output compares 'with the other th_ree

systems.

TLe next step is to test these components for their sensitivity to radiation.

It is necessary to see if any visible damages occur. After this initial inspection,

one needs to se_ if the attenuation l_ugth, light outI:ut, reflection constant or the

absorption length varies with high radiation dosages.

/



1.0 INTRODUCTION

1.1 General Background

With the Superconductiag Super Collider (SSC) less tha_ a decade away, sci-

entist_ and engineers ar,_ already striving to ad'rauce in technology in the fields

of superconductivity, computers, data acquisition and detector development to

support experiments being planned for this facility. R,&D for detection devices is

one of the fields of"research be',ng studied at Tezas A&M. Currently, most high

energy accelerators use magnetic spectrometry to detect high energy particles. Re-

cent research in calor!metric techniques surest that a calorimeter (total energy

. absorbing detector) could out perform magnetic spectrometry at the higher Cno

ergies expected a_, _he SSC. _,¥hile n_.any of the calorimetric techniques work well

at the energies currently available, more I_D is needed for SSC energies. High

energy physicists at Texas A_:RI are now researching liquid scintillators to design

• fl
a scir, ti]lating fiber calonmeter_ ].

Fiber calorimetry is a relatively new area of" research in detection instru-

ments. The calorimeter is made by taking very thin scintillating fibers and em-

bedding them in lead in a hexagonal geometry. Originally, the fiber calorimeter

was designed for use with plastic scintillators; however, these plastic fibers are very

sensitive to damage by high doses of radiation. To overcome this disadvantage,

we are proposing to replace the solid plastic scintillating fibers with hollow tubes

filled with liquid scintillating material, which is known to be much more radiation

resistant than solid plastic scintillator. The geometry of the fiber calorimeter does

appear to be superior to most other designs. When incorporated with the ideal

scintillator, the fiber calorimeter could become the detector of the future IiI .
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1.2 Principles of Calorimetry

A calorimeter is a devise used to measure the total energy of an incident,

high-energy particle as shown'in Fi._e 1. The way that a calorimeter detects and

measures a particle's energy is a two step process: absorption and detection. The

incident particle interacts with a large detector mass. This mass absorbs the initial
-.

particle and, in turn, generates secondary particles; these particles then interact

with the detector mass t produce tertiary parti,Aes; and this process continues

until all of the incident energy is in the form of many elementary particles[2]. These

elementary particles are than detected by the medium of the calorimeter (such as

scintillator).

One t)_pe of calorimeter that Texas A&M is interested in researching is a

liquid scintillator fiber calorimeter or "spaghetti" calorimeter as shown in Figure

2. The detection medium of the "spaghetti" calorimeter is a group of scintillating

fibers a_ranged in a hexagonal shape. A scintillating fiber is a long hollow tube

of _, 1 mm diameter. The fiber is coated on the inside with a material known to

give a high internal reflection angle.

When a light wave traveling in an optically dense medium (large refractive

index) comes in contact with another medium of a lower refractive index, some

of the total light is reflected back into the dense medium and some of the light

is transmitted into the less dense medium. In the case of the fiber scintillator,

the dense medium is the liquid scqntillator, and the fiber material is the less dense

medium. The angle between the light ray and the boundary of the two mediums

is denoted as 0. At the critical angle, 0¢, all of the light will be reflected and none

transmitted. So, for all light that falls upon this boundary at an angle less than

the critical angle 0c, the light will be completely reflected as shown in Figure 3.
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Thisphenomena iscalledtotalinternalreflection.Thisanglecanbe calcu-

latedusingSnell'sLaw and theindiciesofrefraction:

ni

- s0)= < lv ).
where n l is the refractive index of the scintillation oil, N2 is the refractive index

of the fiber material, and ec is the angle between the two mediums measured in

radians. As the difference between ni and N2 increases, the internal reflection

angle increases. This is very important to us, because the amount of light output

for a detector is directly proportional to the reflection angle.

The coatedfiberisthenfilledwitha liquidscintillator.When anionizingpar-
q ticleinteractswiththeliquidscintillator,thescintillatoremitslightproportional

totheenergylostintransit.The photonsarethenpropagateddown theinside

ofthefibertoa phot,omultipliertube,PMT, detectsthenumber oftransmitted

photons.

The primaryresearchnecessaryisfindingtheidealmaterialstoconstructthis

calorimeter.The main componentsofthedetectoritselfarethescintillatingoil,

thefibermaterial,thephotomultipliertubesand theconverter.Inparticular,a

detectormust havea goodenergyresolution(whichisrelatedtothelightoutput),

good lightcollection,highradiationresistivityand a reasonablecost[3].

1.2.1Energy Resolut|on For a typicallargescalecalorimeter,the energy

resolution(_) necessaryforan electromagneticresponseis_ orbetter[3]. At

energieson theorderof 4 GeV (SSC energies),theenergyresolutionisabout

7.5%. Sincea equalsthe squarerootofthenumber ofparticlessampled[4],and

theenergy,E, equalsthenumber ofparticles,the energyresolutionequalsthe

inverseofthesquarerootofthenumber ofparticlessampled:
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a 0.15 1

.
For 4 GeV of energy, an electromagnetic detector with an energy resolution of
0.15

-_ or better would have a light output of 177 photoelectrons. A cMorimeter

detecting energies at the 4 GeV level needs the light output to be on the order of

177 photoelectrons.

1.2.2 Light Collection In a scintillator detector fight loss can occur in two

different ways: 1) through transmission or absorption at the boundary and 2)

through absorption by the scintillator. Since the total light output is inversely

• proportional to the square of the resolution, a scintillating detector must have a

high light output.

The absorption at the boundary is determined by the quotient of the refractive

indicies of the scintillator and the fiber material. For large differences in indicies,

the reflection angle (TIR) between the two mediums increases. This will in turn

allow more light to be collected by the scintillator calorimeter. For high light

output, it is necessary therefore, to have a high TIP_ between the scintillator and

the fiber material.

For large detectors, like those employed at particle accelerators, the absorption

of light by the scintillator is important, because the path length of the light is on

the order of a few meters. The attenuation length is defined as the length after

which the light intensity is reduced by a factor of e[t']:

!1

E-- E0erXA .

where E is the energy, E0 is the initial energy, x is the path length and AA is
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the attenuation length. For accelerator detectors, the attenuation length must be

_2m.

1.2.3 Radiation Hardness 'Since the SSC is extremely radioactive, the calorime'

ter must be resistive to high dosages of radiation ( __ l0 s rad/year)[5]. Many ma-

terials are known to break down after dosages on this order of magnitude, so the

components of the calorimeter must be hardened against radiation.

1.3 Purpose

The purpose of this paper is to report on tests of properties of selected fiber

materials and scintillation oils for their use in a liquid scintillating fiber calorimeter

at the Superconducting Super Collider (SSC). The particular properties of interest

are: 1) internal reflection angle (TIR), 2) light yield and 3) attenuation length.

From these properties we can calculate the energy resolution of a calorimeter at 4

GeV with the componeu_s tested.

1.4 Research Plan

In this report we will examine the testing of two scintillating oils, Bicron

BC-517[ 8] and a scintillation oil mixed for the MACRO experiment at the Gram

Sasso Laboratory IT], and of two different fiber materials_ Teflon[ sI and GlassClad

PS-25219l.

First, we will describe our test cell, a Liquid scintillator detector. This descrip-

tion will include the properties and construction of the detector, the electronic

set-up, and the p-telescope (muon-telescope).

Second, we will detail the testing of the scintillation oil and fiber materials.

The specific properties we are interested in testing is the index of refraction and
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the number of photoelectrons versus distance from the PMT. The test of the

refractive index of the two fiber materials was done directly using a laser, a clear

rectangular box, paraffin oil of index 1.482[1°] and aluminum slides coated with

*,he i3ber material. The testing procedure for the photoelectrons and attenuation
• I

length is a bit more compficated. This required scanning our test detector with

a #-telescope at varyiug distances from the PMT and for different oil heights. "

We made _hree different tests using the following combinations: 1) Bicron oil and

Teflon_,2) Bicron oil and GlassClad and 3) MACRO oil and GlassClad.

Third, we will analyze our data. From this analysis we will obtain the ab-

sorption constant specific to each oil, the total fight output of each system and the

reflection constant of each oil. We will also show how light output varies as a func-

tion of: 1) distance from PMT, 2) height of oil and 3) combination of scintillator

oil and fiber material.

Fourth, we will explain the basic operation of a computer simulation program

that we wrote to aid in the analysis of data. The computer simulation program is

ray tracer designed to propagate light through a detector of similar design as the

test detector. We will discuss briefly the general features of the simulation, the

free parameters and how well the simulation compares to the data. We will then

discuss possible problems with the simulation program.
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2.0 DESIGN OF LIQUID SCINTILLATOR DETECTOR

2.1 Detector Properties and Construction

The outer shell of the detector consisted of a rectangular slab of PVC (48" x

4.5" x 1.0") with a center core (46" x 2.0" x 1.0") removed from it as shown in

Figure 4. Then a rectangular window was cut at both ends of the detector, and

affixed to each end is a clear plastic window. Connected to both the top and the

bottom of the detector were two aluminum plates (48" x 4.5" x .025"). Two 3/8

inch diameter holes, one 1/4 inch higher than the other, were cut on each side of

the detector for filling and removing scintillation oil. To collect all available light,

' the entire inside of the detector was coated with an adhesive Teflon.

We coated aluminum strips (48" x 2") with both Teflon and GlassClad. It .

was necessary to raise each strip to the height of the bottom of the window. To

do this, we create eight small platforms of equal heights and glued them at even

spacings o_ the bottom of the detector.

Plastic tubes were connected to the two holes cut into the detector. The lower

of these tubes was used to fill the detector with scintillation oil, the other was used

to allow air to escape from the detector. The height of the oil is measured from

the test strip to the air oil interface. We monitored the height by viewing the oil

level through one of the windows and measm_ing the height with a height gauge.

After the height of the oil was set, we placed a photomultiplier tube (PMT)

onto the window with the test strip flush against it. After the PMT was in place,

we taped all areas of the detector that could be exposed to light (light leak testing)

with black electrical tape. This is to insure that all of the light detected by the

PMT is light emitted from the scintillator and not from any external light source.

After the detector was completely light leak tested, it was ready for cosmic ray
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FIGUI_E 4

SKETCH OF LIQUID SCINTILLATOR DETECTOR
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testing.

A photomultiplier tube, or PMT, is an l,lstrument that collects light and con-

verts light to an electric current through the photoelectric effect. It consists of a

photocathode coated with alkali metals, where electrons are liberated by the pho-

toelectric effect. When a photon strikes the window surface, the electrons emitted
r,.

" travel through a chain of secondary-emission electrodes (dynodes) at successive!y

larger potentials. The dynodes amplify the signal by a factor of about 10 r[2] A

PMT records all of the light output from the scintillating material by convert-

ing the light into electrons via the photoelectric effect. The resulting signal is

amplified by a factor of 10 r so that the signal is large enough to be recorded.

The term photoelectron is the unit used to refer to the light output of a

system. When a photon hits the surface of the PMT it liberates an electron

through the photoelectric effect. The total nLLmber of electrons produced is directly

proportional to the number of photons striking the surface of the PMT.

2.2 Electronics

The photoelectrons, after passing through a series of dynodes, form a current.

This current can be analyzed with various electronics. Before we discuss the actual

electronic setup, we would like to list the components used and briefly explain some

of the components functions.
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TABLE I

ELECTRONICS IN EXPERIMENT

II ,, ,..

Component Model Number Manufacturer
i '111 i i i i

System Bin 40lA ORTEC
_, ,m ,,. , ,

High Voltage Supply 556 ORTEC
,, ,.

Power Supply 415B Fluke
.... ' ,,,,,.-- i,,

QVT Multichannel Analyzer 3001 LeCROY

Printer Interfrce 3157 LeCROY

, Digital Printer DPP-Q7 DATEL

4-Fold Logic Unit ' 365AL LeCROY
,,., . ,,.,,,

Quad Discriminator 821 LeCROY
,..ml .., , ,

Photomultiplier Amplizier 612AM LeCROY
, m , ;

Oscilloscope 485 Tektronix

BCD Scaler 1880B Jorway
m. ., m

Voltage Distribution Unit Harvard

2.2.1 Discriminator A discriminator is a device that responds only to input

signals above a certain threshold value. Low voltages coming from the PMT (i.e.

background noise) will not register in the discriminator. If a signal above the

threshold value enters the discriminator, a logic signal is issued from the discrim-

inator. Discriminators are typically used for triggering (sending a signal to other

electronic devices when an event occurs). In our experiment the threshold vCdue

was set at 30 mV and the discriminator was used to trigger the QVT.

2.2.2 QVT A QVT multichannel analyzer works by integrating the input charge
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over the gate time. This charge is equal to the n'J.mber of photons to the total

charge of the electrons liberated at the surface oi the PMT when photons strike

the surface. The amount of e,_rge of the signal is digitized. The QVT then

takes this digitized number and increments a memGry channel whose address is

proportional to the digitalized value[4]. All incoming pulses are sorted out by

their integrated charge and are stored in a channel respective of the charge of

the incoming pulse. The QVT used for our experiment has 256 channels each

corresponding to 1 picoCoulomb of charge. From the spectrum of charge produced

by the incoming spectrum, we can calculate the average charge produced by an

event, and thus the average light output of an event.

2.2.3 Logic Unit The logic unit compares two or more signals to see if they are

coincident in time. In our case if, and only if, all signals inputted are coincident

in time, will the logic unit output a signal.

2.2.4 Setup All of our experiments are conductcd with the high voltage supply

set at 2,100 Volts. The voltage supply is then connected to the voltage distribu-

tion unit used to power each of the 4 PMTs. One PMT was connected to the

detector and the other three were connected to a p-telescope. We use tlm voltage

distribution unit to lower the out-going voltage to our detector to 1,750 Volts and

to 1,625 Volts for our p-telescope. The reason for the voltage difference is that

higher voltages increase the gain of the p-telescope. Our p-telescope is composed

of three plastic scintillators which have a much higher light output than liquid

scintillator. So, we have t_e telescope at the lowest ",oltage setting possible with

our setup.

The term 'telescope' refers to a system of detectors arranged in such a way as
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to allow o_ly particles traveling through the entire system of detectors to trigger

the QVT as seen in Figure 5. Each of the detectors was typically connected to a

discriminator to block out low amplitude noise. The signals from the discriminator

travel to a coincident logic unit. When all three signals from the discriminators

coincide in time, a particle has traveled through the system of detectors. The

system of detectors, the discriminators and the logic unit together constitute the

telescope. Iu our case, when the detector detects an event, it sends a signal to the

gate of the QVT, thus triggering the QVT. As the telescope is moveable, we are

able to pinpoint when and where an event occurs.

A #-_elescope detects when a muon passes through the telescope system. We

are testing with cosmic rays which are predominately _ mesons with an energy

in the range of a few GeV. We can easily set up our telescope system to detect

these muoDs, since it is unlikely for lower energy cosmic ray particles to travel

through the _,elescope. Muons in this energy range produce an energy loss of 1.95

g/c,,'_MeV'[11]when passing through the scintillator. This energy loss is often called

the "minimum ionizing energy loss" due to the slope of the dE curve as a function

of energy in the range of muon energies. For a liquid scintillator with a density of

1.032 g/crn 3111],the ionizing energy is 0.2012 ._MeVmmo.f owl"

The output sign_l fzom _r detector went into an attenuator. The attemlator

reduced the amplitude of the si5realby a factor of 2 for every 6 dB. It was sometimes

necessary to do this because sometimes the total charge delivered can exceed the

input scale o_"the QVT. If this occurs, all signals over the full scale value will be

entered into the last channel of the QVT anyway. After attenuation, the signal

travels through 128 ft of cable, which delays the signal by 170 ns. The signal was

then passed through a capacitor which offsets the DC signal. This eliminated any
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fluctuations in the DC signal which could interfere with the data. The signal

finally entered the q-input of the QVT, and, if the gate was "open," the QVT

analyzed the signal. The e!ectric_ diagram of this is shown in F:.gure 6. The

way the QVT analyzed events was by first measuring the energy of the si/_u_ and

secondly, by incrementing the count of the channel corzesponding to that energy.

After the data run was complete, the number of counts in each channel was be

printed out and analyzed.
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FIGURE 6
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3.0 TESTING

3.1 Refractive Index

The refractive index of the scintillation oil and of the fiber materiM is instru-

mental in calculating the total internal reflection angle (TIR). Since the propaga- "

tion of the photons along the length of the detector is dependent on the Til:t, it ,

is necessary to know the refractive index of the scintillation oil and of the fiber

material. In a fiber scintillator the percentage of light that falls within the TIR i_:

1/TIR [-_+2TIR--- dC sin Ode,
Percentage : 4_r J-TIR J _-TIR

TIR)(sin(2TIR) + sin(TIR)).Percentage = (-T_r

The refractive index of each of the scintillation oils was known to be 1.48,

the same as the refractive index of par_ oil. The refractive index of Teflon was

also known to be about 1.33[12]. The unknown index of refraction was that of

the GlassClad. To determine the index of refraction for the GlassClad, we had to

construct an index of refraction measuring device.

The device consists of a clear plastic holding tank (8"x 4" x 4")filled with

paraffin oil. Aluminum strips coated with various fiber materials are laid on the

bottom of the tank. A laser beam is propagated into the oil and onto the test strips.

The angle between the test strips and the laser beam is varied until total reflection

as shown in Figure 7. This phenomenon is observable because: 1) the beam

becomes noticeably brighter in the oil, and 2) there is no observable scattering on

the surface of the test strips.

The test was first conducted using a Teflon coated aluminum strip. The test

showed that the Teflon strip had a TIR of 26° =t=1° and an index of refraction of
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1.330 4- 0.011. This was consistent with the predicted refractive index. The

next step was to find the refractive index of the GlassClad. We prepared many

strips varying the amounts of coating, the etching of the aluminum strips, the cur-

ing process, three different types of GlassClad, the concentration of the GlassClad

and the methods of application. The reason for producing so many different strips

was that we wanted to find the method of coating the aluminum strips that gave

us the smoothes_ coatings, was the easiest to apply and possibly could produce a

method for coating the insi.de of a 1 mm fiber scintillator.

Ali of the coatings had the same refractive index and Tilt. The TIR measured

was 17° 4- 1° and the index of refraction was thus calculated to be 1.415 4- 0.008.

This angle was a little lower than desired, but still reasonable for detector studies.

The percentage of light coUected by a liquid s.cintillator using the GlassClad

material is ,_ 4.0%. The percentage of light collected by a liquid scintillator using

a Teflon coating is ,,_ 8.90£.

In our experiment as the boundary between the scintillation oil and the fiber

material is not perfect, some of the light will be transmitted into the fiber material.

For the purpose of clarity I would like to point out that my definition of the

TIR (total internally reflecting angle) is the maximum angle between the incident

photon and the boundary between the mediums where the photon is almost totally

reflected. The amount of light reflected is not 100% because the boundary between

the two mediums is not perfect. In most texts the reflection angle is drawn between

the incident ray and the normal, but this is not the case in my calculations.

3.2 Calibration of the QVT

As mentioned earlier, the channel numbers in the QVT correspond to the
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integrated charge of the PMT and this charge corresponds to the number of"pho-

toelectrons entering the multiplying procedure of the PMT during an event. The

average number of photons that hit the PMT equals a constant multipli_,d by the

average channel number in the QVT. This number is constant with _ne PMT-

dynode combination. To find the number of photons, it is necessary to calculate

the value for this constant.

To find this constant, we let the PMT of our detector trigger itself. What

this means is that we let the test detector trigger the QVT when a minimum

signal is present at the PMT anode. Then, we calculated the average channel

number making any correction for attenuation or amplification. We calculated this

constant to be 3.752 ± 1.138 _ at 14 dB. To find the number of"photoelectrons,

all that we need to do is divide the average channel number measured d'_ing a

test run by this constant.

3.3 Light Output

The procedures described within this section constituted the bulk of our ex-

periment. For our initial setup, we used a Teflon coated strip and 2 mm of Bicron

scintillation oil. We set the p-telescope at a distance of 10 cm from the PMT.

We began taking data, adjusting the attenuation to get an optimal distribution of

channels in the QVT.

These measurements were repeated moving the p-telescope to successively 35

cre, 60 cre, 85 cm and 110 cm from the PMT. Where data was received with a

good channel distribution, we changed the height of oil (4 mm, 3 mm, 2 mm, 1

mm) and remeasured the average channel distribution for the varying distances

from the PMT. When all of these measurements were completed with the Teflon-
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Bicron oil combination, we removed the Teflon strip and placed a strip coated with

GlassClad and re_lled the counter with the Bicron oil. We remeasured the average

channel number at the five different distances and the four different heights. When

we completed these measurements, we replaced the Bicron oil with the MACRO

oil. We started to take new measurements with the GlassCIad-MACRO system,

but we ran out of time. The only measurements that we have obtained are those at

the six, four and three millimeter oil heights with the #-telescope scanned across

the length of the detector.

The data runs were lengthy (from eight hours to two days), and initially there

were many systematic errors that resulted in bad data. This is why we have a

limited amount of data at this time.

To find the average number of photoelectrons for each data run, we wTore a

computer program (A vg.for). See Appendix D. This program inputs the entire

data for a run. The data is in the form of number of counts at a given channel

number for 256 channel numbers. Avg reads in the data and, for a given pedestal

value and attenuation setting, outputs the number of photoelectrons produced and

the root mean square deviation for this average. So, for each data run, we can

calculate the average photoelectron and compare these results.
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4.0 ANALYSIS OF DATA

4.1 Systematic Errors in Data

4.1.1 Light Leaks This proved to b_ the most common problem encountered

in the data taking. Light leaks occur when external light is detected by the PMT,

which results in a higher light output than an actual reading. To prevent light

leaks, the anode signal from the PMT is analyzed with an oscilloscope. If there

are light leaks, the number of pulses will increase. To repair light leaks we must

view the anode sigI)al and tape every part of the detector that could be exposed

to external light sources. Once the number of pulses has decreased to a minimum

(this is a judgement call based on months of experience), the detector is said to

be leak tight.

4.1.2 Oil Leaks in the Detector The hole through which the fill tube was

connected started leaking oil. This leak resulted in a lowering of the oil level inside

the P MT and after a short time in the break down of the tape used to cover the

light leaks, which in turn re-exposed the detector to external light. This oil leak

was repaired by removing the tubes, glueing the old holes in the detector and

redrilling and tapping new holes for the oil fill tubes. Another oil leak developed

at one of the screw holes for the bottom of the detector. A seal was attempted

using RTV, but this did not completely solve the problem. This hole still leaks,

but over the time spans of the data runs, an unappreciable amount.

4.1.3 Contaminated Oil One set of data (Bicron-Te:flon at the 2 mm oil level)

had an extremely low light output. When we changed the oil, the light output

at that level improved greatly. This oil had been removed from the detector,

transfered to several containers, and was reused in the detector. Our conclusion
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was that the external handling caused some contamination to the oil.

4.1.4 Faulty High Voltage Supply The Fluke High Voltage Supply began

putting out Voltages over 2500 Volts. Upon examining the Voltage Supply, we

noticed that the Voltage Supply had a faulty reference resistor. We replaced that

Voltage Supply unit with the ORTEC Voltage Supply.

4.1.5 GlassClad-Bicron System As the light output measured in this system

was not consistent, no analysis is available for this system. The e act cause of the

bad data is unknown.

4.2 Analysis of Pulse Height Distribution

As mentioned earlier, the amplitude of a signal from the PMT is digitized and

stored in a channel number. This channel number is directly proportional to the

number of photons that strike a photon during an event. From the distribution,

we can calculate the average number of photoe}_ectrons (Channel number). If we

compare these distributions, we can notice three natural tendencies:

1. As the p-telescope is moved farther away from the PMT, the average channel

number decreases as shown in Figure 8. This decrease is caused by two

things: A) the mean path length is increasing (which means more light is

being absorbed by the scintillator), and B) the number of bounces necessary

to reach the PMT of the average photon increases, thus increasing the chance

for the light to be absorbed at the coating-oil interface.

2. As the oil level is reduced, the average chaunel number decreases as shown

MeV
Figure 9. This is because a muon loses 0.2 mmo! oia" So the energy loss is

proportional to the
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FIGURE 9
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oil level. Since the energy loss is proportional to the number of photons

produced, the average channel number should decrease.

3. The average channel number varied with each scintillator-fib,," material sys-

tem as shown in Figure 10. This can be attributed to different absorption

lengths of the oil, different reflection constants at the two mediums inter_aces

and because Teflon has a higher light collection due to the larger TIR.

In Table 2 and Table 3, the data indicates that light output varies with

distance from PMT, oil level and scintillation oil-fiber material system used. The

light output decreases as the oil level is lowered and decreases as the distance from

the PMT increases. The light output is greater for the Teflon-Bicron system than

it is for the GlassClad-MACRO system.
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FIGURE 10

VARIATION OF LIGHT OUTPUT WITH SYSTEM
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TABLE 2

LIGHT OUTPUT OF TEFLON-BICRON SYSTEM

t t - tt

Oil Level (mm) Distance (cm) Light Output (Pe)t t t z t

4 10 44.076 ± 18.572

35 19.902 ± 9.368

60 12.574 _ 5.278

85 8.712 ::i::5.051

110 5.802 -}-3.927

3 _o 23.o9T±9.340
35 11.719 -4-6.136

60 8.08z±4.653
s5 4.526_2.ss7
_o a._5o± 2._46

, , , ,

2 10 11.502 + 5.938

35 5.024 + 3.273

60 3.314 4- 2.253

85 2.163 ::i:1.432

110 1.945 ± 1.306

I 10 7.408 ::i:4.497

35 3.103 -4-2.219

60 2.408 ::i::1.873

85 I. 785 ::i:1.262

110 1.621 ::i:1.079
i
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TABLE 3

LIGHT OUTPUT OF GLASSCLAD-MACRO SYSTEM

IIII ii ....

Oil Level (mm) Distance (cm) Light Output (Pe)
ii ill ii

6 10 30.841 4- 13.135

23 17.631 -4-11.450

35 10.724 4- 5.311

60 7.135 4- 3.872

85 4. 770 4- 2.444

4 10 13.834 4- 7.494

35 3.905 4- 3.089

60 2.715 4- 2.093

85 2.060 4- 1.580

110 1.940 4- 1.428

3 10 10.3'60 4- 7.084

35 2.397 4- 1.975

60 2.022 4- 1.598

85 1.701 4- 1.125

110 1.618 4- 1.013

4.3 Attenuation Length of Each System

As a photon is propagated down the fiber, it has a chance to be absorbed by

either the scintillation oil or by the fiber material. The attenuation length, AA, is

the distance a photon travels before its energy is reduced by a factor of eo To put

this in mathematical terms:
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E = Eoe .

where E is the final energy, E0 is the initial energy, AA is the attenuation length.,

and z is the distance the photon travels.

We initially believed that the attenuation length, AA, was independent o_"
o

the height of the scintillation oil and was only characteristic of a scintillation oil-

fiber material system. However, our data appears to indicate that the attenuation

length does change with height of the scintillation oil.

As indicated earlier in this report, the number of photons detected by a P MT

at a certain distance away is related this way,

E =Eoer .

An alternate way of expressing this equation is:

Ax

 A=h( ) •

In the analysis of the attenuation length, we used the distances of 60 cre, 85

cre, and 110 cre, because the data between these points appeared to be linear.

See Figures 11 and 13. We used a linear regression program that is built into a

calculator (HP-28S) to fit these three points and then calculated the error through

propagation of error. The attenuation length is the inverse of the slope of the line

generated graphed on a distance from PMT vs. natural log of the number of

photoelectrons.
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The results were curious. The measured attenuation length appeared to in-

crease as the oil level decreased. Table 4 indicates the attenuation lengths mea-

sured for each system with their respective deviations:

TABLE 4

ATTENUATION LENGTH OF EACH OIL LEVEL

, iii Ii
I

System Oil Level (mm) Attenuation Length(cm)

Teflon 4 64.599 4- 9.414

& 3 53.022 4- 7.106

Bicron 2 91.743 4- 23.793

Oil 1 90.580 4- 46.220
Lm I I T I I Hl

GlassClad 6 61.73

& 4 148.810 4- 66.719

MACRO 3 224.215 4- 143.498

Oil
i _ ii ii , i ,,,,,,,i

For each of the systems measured, the attenuation length increased for lower

oil levels. This increase in attenuation length for low oil levels could occur because

at low oil levels, the PMT is at the one photoelectron. The light output levels

out at one photoelectron; so, the attenuation length, which is dependent on the

quotient oi"the light output of two different distances, would naturally increase as

the light outputs _pproach each other.

The attenuation length of the Teflon-Bicron system at 4 mm oil level is

64.599 4- 9.414 cre. This length decreased for the 3 mm oil level. The decrease in
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the attenuation length at this level is probably due to an increase in the average

number of times photons contact a boundary. At the 2 mm and I mm oil level, the

attenuation length increases. This is probably because the light output at these

oil levels is at the one photoelectron level. The only attenuation lengths that are

cm_lculatableto any reasonable degree of accuracy are the 3 mm and 4 mm oil levels

of the Tefton-Bicron system. The attenuation length at these oil levels are on the

order of 50-75 cre.

The GlassClad-MACNO system reduced to the one photoelectron level very

rapidly for oil levels 4 mm and lower. The attenuation length measured at the

4 mm oil level was about 1.5 meters. Thi_ attenuation length may be higher than

the actual attenuation length, because the data at these points are close to the one

photoelectron. Because of this reduction to the one photoelectron level, we took

another reading at the 6 mm oil level. The result of this new data run resulted in

an attenuation length of 61.73 m. This is consistent with the Te_9on's attenuation

lengthw

4.4 Total Light Output for Each System

To measure the total light output for a system, we flrst need to set a standard

distance from the PMT to colmt the number of photoelectrons. The distance this

standard is 0 cm from the PMT. To calculate the number of photoelectrons at

0 cm we use the same linear regression program that is built into the HP-28S

calculator. See Figures 11 and 13 on page 33. The number of photoelectrons at

0 cm is e raised to the y-intercept. Table 5 shows the variation of light output at

various oil levels of each system.
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TABLE 5
,

LIGHT OUTPUT OF EACH OIL LEVEL

i i , ,i

System Oil Level (mm) Light Output at 0cre (Pe/mm of oil)
11111i i ii r i HUB Pi I

Tefion 4 8.010 ± 1.167

& 3 8.056 ± 1.080

Bicron 2 2.040 _ 0.529

Oil I 3.494 :i: 1.783
J iiiii I i I ii iii i ii

GlassClad 6 3.147

& 4 0.980 :t: 0.439

MACRO 3 0.647 :i: 0.414

Oil
"" ' ' ' ' ' i i

The data shows that for the Teflon-Bicron system at the 4 mm and 3 mm oil

level, the light output at 0 cm is about 8 photoelectrons per mm of oil. For the

2 m_m and 1 mm oil level, the light output at 0 cm decreased to about 2 and 3.5

photoelectrons respectively. This inconsistency may be due to the fact that the

light output at these oil levels were at the one photoelectron level.

For the GlassClad-MACRO system, the light output at 0 cm was on the order

of 3 photoelectron for the 6 mm reading. The 4 and 3 mm readings had a light

outpu_ close to 1 photoelectron. This could be because the light output at the

two oil levels measured were at the one photoelectron level.
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5.0 COMPUTER SIMULATION PROGRAM

5.1 General Features

The computer simulation program Simulation.for (see Appendix E) design is

to analyze the data and attempt to predict:

1. The acceptability of the data produced by each run.

2. The approximate reflection constant of the fiber material (what percent of
i

light is reflected each bounce).

3. The attenuation length of the scintillation oil.

To complete this task, Simulation.for generates random muons that interact

with scintillation oil to generate photons. These photons propagate down the

interior of a detector to a P MT.

The exact specifications of Simulation.for are as follows:

5.1.1 Initial Parameters

1. Width of Detector (10 cre)

2. Number of Photons Produce per mm of Oil (10000)

3. TIR of Water (42.435 °)

4. TIR of Teflon (26.000 °)

5. TIR of GlassClad (17.000 °)

5.1.2 Variable Parameters

1. Height of Oil

2. Distance from PMT

5.1.3 Predicted Parameters

1. Absorption Length of Oil
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2. Percent Reflected from Teflon Surface

3. Percent Reflected from GlassClad Surface

With these entered, Simulation.for automatically does the following:

5.1.4 Random Variables

1. Height in the Scintillator

2. Distance of Event from the Left Side of the Detector

3. Direction of the Photon

5.1.5 Ray Tracing

1. Calculates the Angle of a Photon Incident on any of the Four Surfaces (Water,

Coating, or the two Teflon Sides).

A. If the angle is less than the Til:t,

the program allows the ray to bounce.

B. If the angle is greater than the TIR,

the program checks Fresnal's equations

to see if the photon is reflected.

2. Checks to see if any light is absorbed by the scintillator.

3. Checks the reflection constant for each bounce.

4. Counts all photons that are detected by the PMT,

5.1.6 Output

1. Number of Photons Detected (Light Output)

2. Percent of Photons Detected

3. Standard Deviation

One needs only to compare the simulated data to the z,ctual data to find the

absorption length of the scintillation oil and the reflection constants of the fiber
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materials. The method we used to compare the simulated data to the experimental

data is:

1. Set the light output of the simulated data at 60 cm from PMT and 4 mm oil

height to the measured light ¢_utput at that same point and adjust the other

simulated light output accordingly.

2. Adjust the absorption length and the reflection constants to get approximately

the same attenuation length for the 4 mm oil level, The comparisons are all

done visually

5.2 Results of Simulation

5.2.1Teflon-Bicron The simulatedlightoutput fitremarkablywellto the

measured outputat the4 mm oillevel.The 3 mm, 2 mm and I mm oillevels

did not compare as nicely,but were certainlywithinthe limitsof thestandard

deviation.SeeFigures11 and 12.

The apparentabsorptionlengthoftheBicronBC-517 ScintillationOilispre-

dictedtobe 1.0meter.Thisisapproximatelya factoroftenlessthanthe adver-

tisedattenuationlength.The predictedpercentoflightreflectedfrom theTeflon

Surfaceaftereachbounce is97.0%.

5.2.2 GlassClad-MACRO This systemwas a littleeasierto simulatesince

theMACRO oilhasbeen welltestedand theabsorptionlengthisknown tobe >

10.0ro[si.The visualcomparisonofthesimulateddatatothemeasuredoutputwas

notaspreciseasthatofthe Teflon.Bicronsystem.The measuredlightoutputhad

asharperincreaseinlightoutputatdistancesclosetothePMT thanthesimulation

program couldobtain.The actuallightoutputmeasured at theloweroillevels
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chd not agree with the data obtained by the simulation program. The reflection

constant calculated for the GlassClad by the simulation program is 98.0%. See

Figures 13 and 14. Because the data for the 6 mm reading was just taken, the

simulation for this oil level has not been completed.
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6.0 CONCLUSION

For the Teflon-Bicron system, the attenuation length measured for the oil

levels of 4 mm and 3 mm is between 0.645 4- 0.094 - 0.530 _: 0.071 meters, and the

light output at 0 cm from the PMT is _ 8.01 _ 1.10 Fhotoelectrons per mm of oil.

The attenuation lengths increased and the light output per mm of oil decr _ased for

the 2 mm and 1 mm oil levels. This could be attributed to the fact that the light

output at these levels are around one photoelectron.._.ccording to the simulation

pro6ram, the Bicron BC-517 oil has an absorption length of 1.0 m and the Teflon

surface reflects 97.0% of the light at angles less than the TIR angle of 26*.

For the Gla_sClad-MACRO system, the attenuation length measured was

1.488 ± 0.667 meters for the 4 mm oil level and 2.242 ± 1.435meters for the 3 mm

oil level. The light output at 0 cm measured for these oil levels was 0.980 ± 0.439

Pe/mm of oil for the 4 mm oil level and 0.647 _: 0.414 Pe/mm of oil. These results

could be inaccurate because both of the oil levels have light output on the one

photoelectron level. Because of this, we took an extra data run at the 6 mm oil

level. The results of this run show the attenuation length was _ 61.73 m and the

light output at 0 cm was _ 3.15 photoelectrons. The simulation program indicates

that the reflection constant of the GlassClad is 98.0%. The absorption length of

the MACRO oil is known to be 10.0 meters. The TIR of the GlassClad is ]7* and

the refractive index is 1.415.

6.1 l%esults of Measurement and Simulation

6.2 Suitability for Use in Calorimeter Construction

The minimum attenuation length necessary for a calorimeter is about 2 m.

Both systems, the Teflon.Bicron and the GIa_sCIad-MACRO, have attenuation
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lengths which are close enough to warrant further investigation.

The number of photoelectrons necessary for a reasonable electromagnetic res-

olution at 4 G_'_ was previously calculated to be 177 photoelectrons. The energy

MeV
loss of a muon traveling through scintillator was calculated to be 0.2012 ,nra of °_"

Converting the number of photoelectrons at 4 GeV to the number of photoelectrons

liberated when a muon passes through a mm of oil, we obtain 0.009 I.hotoelec-

trons per mm of oil. Both detectors produced many more photoelectrons than this,

indicating that both materials could possibly be suited for use in a calorimeter.

6.3 Further Items to Study

It will be necessary to obtain clearer data from both GlassClad systems. The

data from the GlassClad-Bicron system was inconsistent. The light output for

this system should be remeasured to see if there was a systematic error in this

data that caused the inconsistent data. Also, one should run some tests on a

Teflon-MACI_O system tc see how the light output compares with the other three

systems.

The next step is to test these components for their sensitivity to radiation.

It is necessary to see if any visible damages occur. After this initial inspection,

one needs to see if the attenuation length, fight output, reflection constant or the

absorption length varies with high radiation dosages.
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TEXAS A&M UNIVERSITY

DEPARTMENT OF PHYSICS

COLLEGE STATION, TEXAS 77843-4242

Phone: (409) 845-7844

Fax: (409) 845-2590

April 17, 1990

TO' Elizabeth Tebeaux

FROM: Peter Parker Altice, Jr.

SUBJECT: Proposal for Formal Report

o

TENTATIVE TITLE

A Study of Liquid Scintillator and Fiber Materials for the Use in a Fiber

Calorimeter

SUMMARY

I propose to write my formal report on the topic of liquid scintillators and

fiber materials. The paper will discuss the testing of these materials, as well

as briefly describe their uses. My experience in working with liquid scintillator

calorimeters should provide valuable information. By writing this report, I hope

to show high energy physicists that further study of liquid scintillator should be

done. My report will coincide with my Fellows Research Project. The estimated

cost for my research and writing my report is $3,525.50.

PROJECT DESCRIPTION

With the Superconducting Super Collider (SSC) less than a decade away, sci-

entists and engineers are already striving for new advances in technology in the
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fields of superconductivity, computers, data acquisition, and detector develop-

ment in support of experiments being planned for this facility. At Texas A&M

one of the fields of research being studied is that of R&D for detection devices.

Currently, most high energy accelerators use magnetic spectrometry to detect

high energy particles; however, recent research in calorimetric techniques suggest

that a calorimeter (total energy absorbing detector) could out perform magnetic

spectrometry at the higher energies expected at the SSC. While many of the

calorimetric techniques work well at the energies currently available, more re-

search and development is needed for SSC energies. High energy physicists at

Texas A&M are now researching liquid scintillators to design a scintillating fiber

calorimeter. I propose to test liquid scintillating material and fibers planned

for use in these devices. These tests are crucial for setting up the design of a

calorimeter suitable for use at the SSC.

The research being done on fiber calorimetry at Texas A&M has some unique

characteristics. First, the fibers are fdled with liquid scintillator. This has ad-

vantages over plastic scintillators due to the flexibility of liquid scintillators and

the wide variety of liquid scintillators currently on the market. Second, the fibers

proposed would provide a totally internal reflecting channel. The channels are

coated with a thin (Teflon or Glass Clad.PS 252) film to provide total internal

reflection for the Light emitted by the liquid scintillator. This will reduce the

amolmt of light lost during the hadronic shower cascade thus making them as

good as solid fibers.

My research will involve testing two scintillating oils, Bicron and MACRO,

and two fiber materials, Teflon and Glass Clad-PS 252, for refraction index, at-

tenuation length, and overall performance. I will then write a paper describing
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these tests and analyzing their data. From this analysis I will discuss the con-

struction of a fiber calorimeter prototype.

PROJECT PLAN

Scope

The purpose of this report is to provide a knowledge of the te3ting and uses of

liquid scintillator and fiber materials. Because the purpose is somewhat broad,

I will test only two liquid scintillators, Bicron and MACRO, and two fiber ma-

terials, Teflon and Glass Clad-PS 252. My goal is to discover which scintillator

oil and what fiber material is the best suited for use in a fiber calorimeter. Due

to lack of timing, my testing will not include radiation hardness. I will end my

report with a discussion of a possible fiber calorimeter prototype.

Task Breakdown

The following schedule lists the tasks necessary to complete my formal report •

Tas__._kk Schedule (days)

1. Research 150

2. Analyze sources 5

3. Write first draft 7

4. Revise and rewrite 7

5. Create charts and attachments 5

6. Proofread and make changes 3

7. Type and correct 7

8. Bind and copy 3
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Tentative ....Outline

I. Introduction

A. Purpose and audience

B. Definitions

C. Sources

D. Scope

II. Testing of scintillation oil and fiber materials

A. Index of Refraction

B. Attenuation length

C. Overall Performance

III. Analysis of data

A. Efficiency of each system

B. Absorption constant of each oil

C. Total light output of each system

IV. Design of a liquid scintillator calorimeter

V. Conclusion
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PERSONNEL QUALIFICATIONS

My qualifications for discussing the topic are my previous experience with

particle detectors and my interest in physics. For the past two years I have been

a member of the High Energy Physics Research group (HEPI_) here at Texas

A&M. I spent the last two semesters working with two different liquid scintil-

lator detectors and have become very familiar with"their operation and design.

While my coursework is not as strong as it will be, I believe that my knowledge,

gained through "hands-on" experience, will be more than adequate for this re-

port.

FACILITIES

To gain necessary data, I plan to use the following resources:

1. High Energy Research Laboratory at Texas A_zM

2. H'EPR MicroVM$ computer system

3. Scholarly journals

4. Equipment manuals

5. Interview with Doctor Robert Webb, professor,

Physics, Texas A_zM University
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COSTS

The following list presents estimated costs for report preparation:

Item Amount

1. Labor

..... ' a. Research ( 200 hours at $13.50/hour )" $ 2,025.00

b. Writing ( 50 hours at $13.50/hour )" $ 675.00

2. Building the detector $ 700.00

3. Scintillation oil and fiber materials $ 100.00

4. Paper ( 100 sheets ) $ 4.50

5. Copying $ 6.00

6. Bonding $ 5.00

7. Miscellaneous $ I0.00

TOTAL $ 3,525.50

" Based on estimated yearly salary of $25,000.00 for a consultant.

CONCLUSION

In closing, Iwould like to stress the importance of designing and building a_

improved detector for the SSC. The fiber calorimeter 'with liquid scintillating

material could be the detector of the future. However, before this new detector

can be built, the fiber materials and liquid scintillator must first be tested and

evaluated for their suitability in such a detector. Research into liquid scintilla-

tors and fiber calorimeters is important for the development of the next genera-

tion of experiments for use at the SSC.
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TEXAS A&:M UNIVERSITY

DEPARTMENT OF PHYSICS

COLLEGE STATION, TEXAS' 77843-4242

Phone: (409)845-7844

Fax: (409) 845-2590

April 17, 1990

TO: Elizabeth Tebeaux

FROM: Peter Altice Jr.

SUBJECT: Progress Report on Formal Report

PURPOSE OF MEMO

The purpose of this memo is to inform you on the state of completion of my ibrmal report.
As you know, my report deals with the testing of scintillation oil and fiber material for
their suitability in a liquid scintillator fiber calorimeter.

SUMMARY

As of April 1, I have completed al/of the research necessary for report. I have written
my first draft, created tables and graphs for my report and rewritten a second draft, I
am currently proofreading my formal report and making all necessary changes. After this
final proofing, I will bind the report and submit it to you. My total incurred cost have
presently reached $3,388.50 of the $3,525.50 estimated total cost.
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STATUS OF WORK

Work Completed

Task 1. Research

Task 2. Write first draft

Task 3. Create tables and graphs

Task 4. Write second draft ,

Work in Progress

Task 5. Proofread and make changes

Work remaining i

Task 6. Bind and copy

COST TO DATE

I te.._mm Amount

1. Labor

a. Research ( 200 hours at $13.50/hour )* $ 2,025.00

b. Writing ( 45 hours at $13.50/hour )* $ 607.50

2. Building the detector $ 700.00

3. Scintillation oil and fiber materials $ 100.00

4. Paper ( 1000 sheets ) $ 45.00

TOTAL COST TO DATE $ 3,388.50

" Based on estimated yearly salary of 225,000.00 for a consultant.
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REVISED OUTLINE

I. Introduction

A. General Background

, B. Principles of Calorimetry

C. Purpose

D. Research Plan

II. Design of a liquid scintillator calorimeter

A. Detector properties and construction

B. Electronics

III, Testing

A. Refractive index

B. Calibratio_ of the QVT

C. Light Output

IV. Analysis of"data

A. Systematic errors in data

B. Analysis of pulse height distribution

C. Attenuation length of each system

D. Total light output for each system

V. Computer simulation program

A. General features

B. Results of simulation

VI. Conclusion

A. Results of measurement and simulation

B. Suitability for use in calorimeter construction

C. Further items to study
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CONCLUSION

I am slightly ahead in the activities set forth on my _,.oject schedule and should easily
make the April 23 deadline. I am currently devoting al/of my time to the completion of
this report. I still need to write the forward, summary and letter of recommendation. My
final draft should be completed early next week, and then I can have copies made and
bound.
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APPENDIX D
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