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INTRODUCTION 

The Undergraduate Institute in Physics (UnIPhy) is a program component of 
the Nuclear/High Energy Physics (NuHEP) Research Center of Excellence at 
Hampton University. UnIPhy is a program that seeks to  enhance 
undergraduate study in physics at Historically Black Colleges and Universities 
(HBCU’s) and other universities. The program encompasses both course work 
and research, with a major focus on research. It is in laboratory work that the 
undergraduate preparation of most students could be improved. Thereby, 
these undergraduate research opportunities that we seek to offer involves 
primarily laboratory experiences. 

This past summer Hampton University and CEBAF joined in providing research 
opportunities for ten students from six different institutions across the United 
States. The participants were involved in  course work and research. The 
course work was offered as a part of the Hampton University summer school. 
The participants enrolled in  the courses depending on their academic level at 
their home institution. We integrated course work, seminars, and research. 
According to the program evaluations the students had a rewarding summer. 

The articles contained in this report were written by the participants. In the 
articles, the students describe their work and their accomplishments. The 
research experiences were non-uniform. Some editorial changes were suggested 
by their research mentors, however the content in each case is a faithful 
representation of the work preformed. 

It was clear that, in  the experiences of the participants, there were aspects of 
the physics they studied that came alive in ways that do not generally occur 
in pure course work. The comments of the students were extremely favorable 
concerning all aspects of their work. In fact, most of the students said that 
they would return for another summer if given the opportunity. 

Thus, these manuscripts were prepared by the students, with a small amount 
of help from their mentors. This work represents an important collaboration 
between CEBAF and Hampton University to offer research opportunities to 
underrepresented students. On a final note, the contribution by Kevin Linen 
with Dr. Robert Williams as mentor has been published (Physics Review C, 
February 1995). 

.. 
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FLOW MEASUREMENTS FOR THE HALL C CRYOGENIC 
TARGET LOOPS 

Amani Carter*, Charmein Weathers-j- 

Continuous Electron Beam Accelerator Facility (CEBAF) 
Mentor: Dr. Cynthia Keppel and Dr. J.H. Mitchell 

Abstract 

In order to achieve constant target density in a liquid hydrogen 
target used in electron scattering experiments, constant flow and 
temperature must be maintained throughout the cryogenic target 
system. Several measures taken in accomplishing this task will be 
discussed. In particular, flow measurements from a the target test loop 
and the data analysis will be presented. 

This document seeks to describe our project undertaken at the 

Continuous Electron Beam Accelerator Facility (CEBAF) in Newport News, 

Virginia. CEBAF is a high-energy nuclear physics facility where numerous 

experiments will be performed. Scientists can probe the nucleus of a 

particle by using a high energy beam of electrons. This beam starts at the 

45-MeV injector and proceeds through a racetrack-shaped underground 

accelerator tunnel which spans about 718 of a mile around. It consists of 

north and south linear accelerators, each accelerating the beam to about 

400 MeV. The beam is able to rotate up to five times around the tunnel. 

Fina ly, the beam may be steered into three experimental halls labelled 

*Lincoln University, Department of Physics, Lincoln University, PA 
?Jackson State University, Department of Physics, Jackson, MS 
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Hall A, B, and C where electron scattering will occur once the beam strikes 

the target. 

In Hall C, a cryogenic hydrogen target loop will be used. Liquid 

hydrogen has a density of 0.0696 (gm/cm3) at 21.5 degrees Kelvin. At this 

temperature liquid hydrogen requires a pressure of 31.3 PSIA for two 

degrees subcooling. The subcooling, operating at a pressure higher than 

the vapor pressure at the operating temperature, will suppress boiling and 

thus insure a constant target density. One step in obtaining constant liquid 

density is to obtain a constant stream velocity and temperature of the 

target liquid within the flow loop. We must also produce liquid Hydrogen 

and Deuterium targets which can comfortably handle a beam heat load of 

200 Watts continuous. Flow measurements based upon the differential 

pressure drops across the motor and a smaller orifice in the a test loop 

were made to check flow rates. 

The beginning of our experiment involved wiring and calibrating a 

DP41 -E High Performance Process Indicator (meter) designed to measure 

current, voltage, and pressure. The wiring consisted of a standard AC cable 

for the power and signal input connections for the indicator. The indicator 

was calibrated to read the PX750-DI Heavy Duty Differential Pressure 

Transmitter in units of inches of H20. This apparatus is capable of 
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measuring differential pressures between 0 and 150 inches of H20. In 

order to determine whether the equipment was working properly, we 

started at zero inches of H20 with no pressure being exerted. Next, we 

attached the pressure gauge to a tank of argon gas and began to exert 

pressure. The indicator began to display numbers ranging from 0 to 150 

inches of H20. We determined our equipment was working accurately and 

proceeded to attach the pressure gauges to the target loop. 

Inside the test loop was an AC motor which housed and powered a 

two stage axial fan where one of the pressure gauges was attached to 

measure the pressure drop across an orifice. Another gauge measured the 

pressure drop across a smaller orifice. The fan was capable of 

continuously circulating liquid nitrogen through the loop. The loop was 

placed into a Styrofoam cooler and immersed in liquid nitrogen. The actual 

cryogenic target will consist of liquid hydrogen, but in our experiment 

liquid nitrogen was used because it is inexpensive and less explosive. 

After totally immersing the loop, the motor was powered by a Variac 

(variable AC transformer). The fluid entered through two cylindrical tubes 

located on opposite ends of the test loop. At this point the liquid began to 

circulate through the loop. We made several test runs in order to obtain 

our data. This data was stored in a file which we labeled Variac and 
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Variac3 for future reference. The data we acquired was of the pressure 

drop across the 3.4 cm2 and the 9.5 cm2 orifices. As we powered the 

motor from the Variac in intervals of 20 Hz, the Variac displayed the 

voltage and current. These numbers were input into the computer. Prior 

to our test runs we were required to write a computer program in C 

language to calculate the hydrodynamic efficiencies of the power and 

volume flow from our measured data. Calculations and the computer 

program can be found in Appendix 1 .  

After the experiment was completed, we were able to analyze the 

data. From the data, one piece of information that we were able to obtain 

was that if the input power was increased in the motor the stream velocity 

and the pressure drop across the motor (head) would increase as well. We 

also learned that as you increase the volume flow, the pressure drop across 

Due to the fact that this was the first test for this the motor will increase. 

particular loop, the data was not as accurate as we had expected. Future 

designs, minor adjustments and more tests will allow the loop to be more 

efficient. 
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APPENDIX 1 

Pin = I * V (Watts) 

AP = (Press - 0.63) * 2491 dyne/cm2 
I in. H 2 0  = 2491 dyne/cm 2 

V i   ZAP*^''^ 
r h o  

(cm/sec) 

Pout = 0.5 * rho * A * Vsl - 
1 * io7 ergs/sec 
rho = 0.8 gm/cm 3 

P,ff = P , , t  * 100 
Pin 

Q = Co *Ao AP*21’2 (cm3/sec) 

Co=  0.63 
A ~ =  3.4 cm2 (smaller orifice) 
m = A o  - =3.4 

A1 = 9.5 cm2 

rho * (1-m 2 )  

A1 9 .5  
(Area of pipe) 

(Watts) 

rpm = 120 *(f/2) = 60f 
A = 25.77 cm2 (area of the fan blade) 
pitch = 5.08 

Volf,, = A * rpm * pitch/60 (cm3/sec) 
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1. This program will calculate hyerodynamic efficiencies of volume flow * /  
/ *  and p o w e r  ./ 

#include cstdio.h> 
itinclude cmath.h> 
#I include <stdliG. I>> 

I #define rho 0.8 / *  density of liquid Nitrogen gm/cmA3 * /  
#def ine  A 25.77 / -  Area of the annUlU6 of t h e  fan blades cm"2 * /  
#define pitch 5.08 

main (argc, argv) 
i n t  argc; 
char *argv I ]  ; 
( 

f l o a t  1,v:- 
I int i. count :  
float P-eff,P-in,P-out,Delta-P,Vel,V 
f l o a t  Vel-1; 
f l o a t  Dummy, Q ;  
float (2-0. A-0. A-1, m s g r ,  v; 
FILE ' fp- in ,  'fopen(), 'fg-out; 

iftarqc != 2 ) {  

Uk I f f , f , Press, rpm; 

- 
printf(* usage e f f  filename \n-); 
exit ( 1  ; 

1 

fp-in = fopen(argvfl1, .r.); 
fp-out = fopon('output',"w'); 

fprintf(fp-out, - Q , v ~ ] , I  ,~clta-p. Val-eff , P-af f ,  P-in. r o u t  \n'l; 

printf(' how many lines ya want 7 \ I I - ) ;  
scanf ( 
for(i=l; i<=count; it+)( 

%d' , &count 1 i 

fscanf (fp-in,- 'af  % €  B f  Bf %f ',&V,&I,&f,&Presa,&Dunnny) ; 

Dummy = Dummy ' 2491.0; 
C-0 = 0.63; 
A-0 = 3 . 4 ;  
?L-l = 9 . 5 ;  
m s q r  = 0.129: 
Q = C-0 A-0 syrt((2.0 Dumy I /  ( rho  (1.0 - mqr)) 1 ;  
Vel-1 = Q / 41: 
printf(" v = %f Q - %f \n'.Vel-l,Q); 
P - i n  = I'V: 
printf(' The power coming in is B t  w a t t s  \n',P,in); 

Delta-P = (Press - 0.G31g2491.0; 
if ( Del ta-P<O. 0 1 Del ta-P=O. 0; 
printf(' The pressure is %f (dync/cmn2) \n'.Delta,P); 
Vel-cube = Vel-lDVel-lDVel-l; 
P-out = (0.5'rho*A~1*Ve1~cube~/(10000000.0); 
printft' The power going out is %f (Wat ts)  \n',P,out); 
P-eff = (P-out/P-in)'100.0; 
printf(' The p o w e r  efficiency is %f percent \n',P,eff): 

rprn = 120.0* (f/2.0); 
Vol-1 Azrpm*(pitch/60.0): 
Vol-eff = (Q/Vo1-1)'100.0: 
printf(' Q = Zf V o l - 1  = 0f  \n',Q.Vol,l); 



printf(" The volume efficiency is % €  percent \n',Vol-eff); 
printf ( * \n" ) : 

fprintf(fp-out," R 5 . 7 ~  R5.3e %5.3e %5.3e R 5 . 3 e  %5.3e 85.3e \n-, 
~,vel_l,Delta-P, Vol-eff, P-efC, P-in, P - o u t )  ; 

1 

I / *  end of main * /  
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CALIBRATIONS FOR THE HALL C DRIFT 
CHAMBERS GAS MIXING SYSTEM 

Leon Cole* 
Mentor: Dr. Brian Kross 

Continuous Electron Beam Accelerator Facility (CEBAF) 

A b s t r a c t  

To provide an optimal environment for a particle to scatter in a detector, 
one needs to have a suitable mixture of gases. To create this 
environment for the drift chambers inside the spectrometer in Hall C, a 
gas mixing system provides an Argon-Ethane (50-50) mixture. To make 
sure that the system was in good working condition, calibrations of the 
mass flow controllers were taken and graphs were formed from them. 
This gas mixing system plays a vital role in the outcome and results of 
the experiments that the drift chambers would be used for. 

“Congratulations!” was the first word I read on my acceptance letter 

for the Undergraduate Institute in  Physics (UnIPhy) program at Hampton 

University. I was overwhelmed with excitement but curious about being 

in a nuclear physics program, I knew that I would be doing research but I 

did not know what I would be doing research on. I also wondered what 

my mentor would be like. At first, my worries began to overtake my joy. 

On June 6, 1994, most of my questions were answered but my 

worries continued. I learned that I would be doing research at the 

*Jackson State University, Department of Physics, Jackson, MS 
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Continuous Electron Beam Accelerator Facility (CEBAF) in Newport News, 

Virginia and my mentor would be Brian Kross. During the first-day 

meeting with the other participants and program coordinators, I learned a 

little about Brian. This information, however, was nothing like meeting 

him in person. After we found out our schedules and some information 

about CEBAF, we all were anxious to meet our mentors and find out what 

we would be doing for the summer. 

The next day of the program, we went to CEBAF. As we were being 

shown around, we met many people who worked at CEBAF. As we walked 

over to the EEL Building, we met a man who began to give us a tour. That 

man was Brian Kross, my mentor for the summer. After the brief tour 

was over with, Brian showed me what I would be working with. It was a 

gas mixing system. As he was telling me about it, I began to have doubts 

and more worries. Would I just be 

in the way? After all these questions in my head had stopped, I decided to 

turn my doubts into eagerness to do the best job that I could. 

Would I fail and mess up the project? 

My job in the beginning was to try and learn about the gas mixing 

system. During my time of learning, though, I had to make a few minor 

adjustments to the system. These adjustment included painting lines to 

represent the flow of the gas through the system, connecting pipes to the 
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system, and checking the system for leaks. After these adjustment were 

finished, Brian and I hooked up the gases that were to be used and 

adjusted the values so that only a certain amount of gas pounds per square 

inch would flow through. 

The purpose of the gas mixing system is to provide a gas mixture for 

the drift chambers in Hall C. There will be three drift chambers located 

inside the High Momentum Spectrometer (H.M.S) and three located inside 

the Short Orbit Spectrometer (S.0.S). The gases provide an ideal 

surrounding for the detection of scattered particles in the chambers. The 

drift chambers contains anode wires and cathode field wires which creates 

a constant electric field. The gas mixture allows ionization to occur along 

the path of the particle. Under the action of the electric field, electrons will 

accelerate towards the anode wires while the ions drift towards the 

cathode where they are collected. Unlike air, this gaseous environment 

does not absorb scattered electrons. It also prevents the loss of electrons 

from occurring. 

The gas system has six channels and is capable of controlling the 

mass flow of three gases simultaneously. At present, four of the six 

channels are being utilized. The gases used in this system are argon and 

ethane. The gases are mixed 50%-50%. Argon, which has a high specific 
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ionization rate, increases the potential for ionization to occur inside the 

drift chambers. The ethane serves as a quencher by absorbing the 

radiated photons and then dissipating this energy. The gas mixture will 

enter the chambers from the top and exit them from the bottom which 

leads to an exhaust. 

The gas system also contains an alcohol bubbler system. There is a 

built-in bypass route for this system. The purpose of this component is to 

prevent aging or damage to the drift chambers. The system bubbles the 

gas mixture through isopropyl alcohol which adds a certain amount of 

alcohol to the gas mixture. The alcohol system is refrigerated at a fixed 

temperature. The planned temperature to be used during the experiment 

is 40 degrees Celsius. you also control the 

vapor pressure which controls the amount of alcohol in solution in the gas 

stream. Only 1 to 2 % of the alcohol is desired to enter the mixture. 

By controlling the temperature, 

The alcohol serves as an anti-aging agent. It prevents the build up 

of polymers on the drift chamber wires. Contaminants of gas such as 

ethylene in ethane, can polarize in the high field areas around the wires of 

the drift chambers. If polymers are allowed to form, they form insulating 

beads on the wires. Charges can build up and cause a discharge which can 

damage the system. 
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Once the system was completed, it was time to take calibrations. By 

calibrating I was comparing mass flow to volume flow. The software in the 

Multi Gas Controller Type 647A was amazingly knowledgeable. In its 

memory, i t  contained vital information about the gases that were being 

used. It knew the specific heat, energy needed to change the temperature 

of certain material, and thermoconductivity, ability to transfer heat. 

However, it did not have information about the pressure of the gases. So 

as a result and to determine pressure, I did a mass to vol ime calibration. 

With the Multi Gas Controller, I was able to choose the setpoints needed to 

get a precise reading of the desired amount of gas that flowed through the 

system. a few seconds are 

needed so that the actual flow rate can match the setpoint. The reason for 

this delay is the result of what happens inside the valve and the actions of 

the Multi Gas Controller. A constant voltage is applied to the wire inside 

the valve. The computer compares this voltage continuously to the 

setpoint. The gas flow cools the wire and lowers the resistance of the wire. 

As resistance goes down, current goes up. It is known that for a particular 

gas, current is proportional to mass flow rate which is what I was checking. 

The current is fed to the Mass Gas Controller which compares it to the 

setpoint and adjusts the valve to control flow rate. 

Once the gas is on and the setpoint is dialed in, 
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After I dialed in the setpoints, I measured the actual flow rates at 

these points with two different calibration flowmeters. The digital 

flowmeter was used for slow flow rates. To measure the faster flow rates, 

I used another type of flowmeter along with a stopwatch to measure the 

time. In each case, calibration blows soap bubbles into a graduated 

cylinder and I measured the time to get the flow rate. As soon as I had 

taken all my data I began to plot graphs on a program called Kaleidagraph. 

After I had printed my graphs out, I showed them to Brian. To me 

they looked fine, but after Brian showed me what a perfect calibration 

would look like, I saw that a couple of them were wrong. So as a result, I 

went back to my system and took more calibrations to confirm or reject 

my original data. I plotted my new data on Kaleidagraph and took these 

graphs to Brian. This time I got an approval on them. The graphs were 

plotted and are labeled at the end of this report as Figures 1-4. Figure 1 

and Figure 3 shows the mass flow rate of argon used in channels one and 

three. Figure 2 and Figure 4 shows the mass flow rate of the ethane used 

in channels two and four. These graphs will be included in a manual that 

Brian is writing about the gas system. 

Even though I had my graphs approved, my job was not over for it 

was time to prepare for my presentation and write my report. After I had 
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written my report and had it read by my mentor and a few other people, I 

had to make many changes. I finally ended up with a paper that was 

acceptable. I will prepare for my presentation and I will give my talk at 

the end of the program. 

My participation in the UnIPhy program has been a success. My 

summer research at CEBAF has been very valuable to me. Not only did I 

learn a lot about nuclear physics, but I also witnessed how physicists and 

engineers apply the concepts of physics that I am learning. I feel as 

though I have been very helpful in the preparation of the gas mixing 

system for Hall C. This accomplishment will motivate me to continue 

doing research. It is programs like UnIPhy and companies like CEBAF that 

gives one a chance to experience the work that they may be doing in the 

future. This milestone is one that will keep me striving for excellence and 

searching for new and greater unsolved mysteries. 
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Page #I - “NEW DATA” 

0 
I 
2 
3 
4 
5 

Tuesday, July 12 3:19 PM 

setpoints flow rate ch. 1 flow rate ch. 2 
0.05 0.054 0m05 

0.1 0.1 15 0.1 06 

- 
0.2 0.204 0.226 
Om4 Om451 0.434 
0.8 Om851 0.846 
1.6 1.699 1.675 



Page #2 - “NEW DATA” Tuesday, July 12 3:19 PM 

0 
1 
2 
3 
4 
5 
6 

flow rate ch. 3 I flow rate ch. 4 
0.048 0.054 
081 07 0.1 11 
0.223 0.1 99 
0.459 08424 
0.863 0.843 
18703 1.696 
2.609 2.555 
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THE ELECTROMAGNETIC STRUCTURE OF THE NUCLEON 

Kevin L. Linen* 
Mentor: Dr. Robert Williams 

Continuous Electron Beam Accelerator Facility (CEBAF) 

Abstract  

Recent experiments have produced data at high momentum transfer for 
proton form factors in the time-like region. We draw a curve for G m P ,  
using the new data, that is consistent with the old data. Predictions are 
made for Gmn,  GeP and Gen form factors. 

1. Introduction 

Understanding the structure of the nucleon is one of the major 

objectives of physics today. The distribution of charge and magnetic 

moment, in particular, is one of the main area of emphasis. There are four 

structure functions that describe these distributions: 

(See Appendix A). 

Recent experiments at CERN and Fermilab [l] have produced new 

G m P y  G m n y  GePy and G e "  

*Benedict College, Department of Physics, Columbia, SC 
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data for the magnetic form factor in the time-like region. Before those 

experiments, data for the magnetic form factor in the time-like region was 

at low momentum transfer and was too imprecise to make a conclusive 

analysis. The result of those experiment allow for a better analysis of GmP 

form factor. 

It is our aim to take this new data for GmP and make predictions for 

the other three structure functions. All four structure functions have the 

same parameters and three unknown variables (Cm, C ,  and h) .  The three 

variables in GmP can be adjusted to fit the new data points in the time-like 

region while also remaining consistent with the old data points. Since all 

four structure functions have the same parameters and variables, the 

successful adjustment of the variables to fit the old and new data points 

for GmP would lead to predictions for G, , GeP and Ge" form factors. 

Another one of our objectives is to investigate the possibility of some 

physical effect do to vector mesons up to momentum transfers of -15 GeV 

and 15 GeV. 

n 
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2. Project 
Electron scattering is key to the understanding of the nucleon structure. 

Figure ( I )  is a Feyman diagram of electron-positron annihilation. 
e- + e+ -- > N+ + N- 

m 

e -  N 

Figure ( I )  

The electron and positron annihilate forming a photon. The photon 

grows in mass and couples into a vector meson. The vector mesons are 

summed over separately for isoscalar and isovector. F1, 2 is additional 

momentum dependence associated with the intrinsic quark structure of 

the nucleon. The G m P ,  G m n 3  GeP and Ge” structure functions (listed on 

equations page) were placed into a FORTRAN program and evaluated 

between -15 GeV and 15 GeV varying Co, Cp, a n d  h to fit the new data 

points for G m P  in the time-like region. The results for the form factors 

were all graphed (See Figures 3a-5a). The three peaks in the time-like 

region are the effects of excited mesons ( p ’  and a’). The peak nearest to 

the threshold controls the curve and reveals the role of meson physics. 

Notice that in figures 3a and 5a, the magnetic and electric neutron form 

factors rise above zero in the time-like region. The structure functions 

were also multiplied by q4 (The graph for those are located in of figures 

2b-5b) to demonstrate the asymmetry of space-like and time-like regions. 
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The vertical gap at -15 GeV and 15 GeV reveals the normalization 

difference and is due to the vector mesons, which have poles only in the 

time-like region below the NN threshold. 
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EQUATIONS 

1.wayi n Fti n c. t ion s : 

Vector h3eson Masses (CkV): 



n 

Figure (2) 

Magnctic Proton Forni Factor 
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Figure (3)  
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Figure (4)  

a 

b 

Elcctric Protori Form Factor 

Elcctric Proton Form Factor 
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b 

Figure (5) 
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3. Conclusion 

We found that meson and quark physics are both operative at the 

momentum transfer scale of -15 GeV to +15 GeV. The data suggests the 

necessity to include the excited mesons a' and p '  to explain the asymmetry 

of space-like and time-like region. The values for S ,  C,and h were found 

to be 3.2, -1.1, and 0.7 GeV, respectively. (The values for C,, to C,, are not 

equivalent to their experimental values, however, the ratio of C,,to C,, has 

been preserved). The successful fitting of the GmP curve to the new data 

points has allowed us to make predictions for G, , GeP, and G,". Some of 

the predictions made are relevant to at least one approved CEBAF 

experiment. 

n 
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INVESTIGATION OF DRIFT CHAMBERS IN HALL C AT CEBAF 

Steven M. Avery* 

Continuous Electron Beam Accelerator Facility (CEBAF) 
Mentors: Dr. Kevin Beard, Dr. Shelton Beedoe, Dr. Keith Baker 

A b s t r a c t  

An investigation of the residuals in the drift chambers of Hall C at 
CEBAF is explained in this paper. Residuals are the distance, from the 
central ray to the sense wires of the drift chamber. Using cosmic ray 
data received from the chamber we were able to analyze the residuals 
v e r s e s  0 (with respect to the central ray). We observed that the 
residuals stay constant as 8 increases. 

Introduct ion  

CEBAF (Continuous Electron Beam Accelerator Facility) is a Nuclear/ 

High Energy Physics (NuHEP) laboratory designed to 

interactions between quarks and gluons. There are three 

ook at the 

experimental 

halls at CEBAF (A, B and C ) .  This paper focuses on experimental Hall C. In 

Hall C there are two spectrometers which will look at the events between 

the electron beam and a target. The two spectrometers are: The SOS 

spectrometer (Short-Orbit Spectrometer) and the HMS spectrometer (High 

Momentum Spectrometer). The high momentum spectrometer will serve 

as a hadron spectrometer for high -q2 physics, as an electron spectrometer 

*Millersville University, Department of Physics, Millersville, PA 
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for inclusive scattering experiments, and for a series of coincidence 

experiments combined with the second arm short orbit spectrometer. 

Each spectrometer has a detector stack which consist of Cherenkov 

counters (for particle identification), scintillators (for time of flight), 

shower counters (to measure the energy of particles), and drift chambers 

(to find the path that the particle took). The primary analysis framework 

is the ENGINE. This program takes care of all the interactions between the 

user and the outside world, opening and closing files, declaring and saving 

histograms etc. The goal of the ENGINE package is to aid the correct 

reconstruction of HMS, SOS and third arm events using clean, structured, 

Because ENGINE must work in maintainable, and documented code. 

concert with other packages being developed independently, it is 

modularly structured: the connection of the various routines must be 

specified carefully. Since multiple programmers at many sites will be 

involved, coordination is imperative. With this program we are able to 

reconstruct the path taken by cosmic ray particles, and determine if the 

drift chambers in the detector stacks are functioning properly. To do this 

we took a measurement of the residuals versus 8 (with respect to the 

central ray) and analyzed the nature of the residuals at large 8. 
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Experiment 

Dr. 0. K. Baker developed the drift chambers for Hall C, and he suspected 

that the residuals got bigger as 8 (with respect to the central ray) became 

larger. To make this measurement we have to first understand what 

residuals are. Once the ENGINE has reconstructed the path - minus the 

drift there is a distance from the sense wire of the chamber to the 

reconstructed path - minus the drift distance (as shown in figure l), this is 

called a residual. 

8 E 8 with right central ray 

sense wire 

central ray 

> 
Figure 1: Example of a Residual 

The first thing we did was apply a coordinate system to the detector stack 

(figure 2) .  HSXFP and HSYFP are the X and Y direction on the focal plane. 

H S X P F ~  and H S Y P F ~  are the angles with respect to the x and y direction. 
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Plotting HSXFP versus H S X F ~  gives us a histogram of where all the events 

hit the chamber. (figure 3) We also plotted H S X P F ~  versus H S Y P F ~  so we 

could see at what angles the particles came in at. (figure 3) As you can see 

from figure 3 the dark rectangle represents the drift chamber, but there 

were points plotted outside the chamber. The same can be said about XYP 

where points at large angles are plotted outside the chamber. The reason 

for plots outside the chamber is that when cosmic rays came through the 

detector stack some hit the first chamber but miss the second one. 

When ENGINE reconstructs the path it plots the point where the particle 

would have ended up at. Using PAW (Physics Analysis Workshop) (figure 

4), we were able to cut out all the points outside the chamber and all the 

large angles. (figure 5 )  To make sure that the program was working 

properly we applied the cuts from HSXFP vs. HSYFP to HSXPF~ vs. HSYPF~.  

This plot says if we restrict all the events to happen inside the chamber 

then the ray should go straight through the chamber. Similarly we applied 

the cuts from HSXPF~ vs H S Y P F ~  to HSXFP vs HSYFP. This plot says if we 

restrict the ray to go straight through the detector then no points should 

hit outside the drift chamber. (figure 6) 
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hist/file 1 hms-rzdat 

ntup/cuts $1 hsxp-fp> .2.and.hsxp-fp<.2 
ntup/cuts $2 hsyp-fp>-.l.and.hsyp-fp<.l 
ntup/cuts $3  $l.and.$2 
ntup/cuts $4 hsx-fp>-70.and.hsx-fp<70 
ntup/cuts $5 hsy-fp>-30.and.hsy-fp<30 
ntup/cuts $6 $4.and.$5 
hist/cre/2d 4 XY 100 -100. 100. 100 -100. 100. 
hist/cre/2d 5 XY-self 100 -100. 100. 100 -100. 100. 
hist/cref2d 6 XY-xypcut 100 -100. 100. 100 -100. 100. 
hist/cre/2d 1 xyp 100 -3 .  3 .  100 -3. 3 .  
hist/cre/2d 2 xyp-self 100 - 3 .  3. 100 -3. 3 .  
hist/cre/2d 3 xyp-xycut 100 - 3 .  3. 100 - 3 .  3. 
hist/cre/2d 7 xyp-xycut 100 - 3 .  3. 100 - 3 .  3 .  
hist/cre/2d 8 xy-xypcut 100 -10). 100. 100 -100. 100. 
ntup/proj 1 9010.19818 
ntup/proj 2 9010.19818 uwfunc=$3 
ntup/proj 3 9010.19%18 uwfunq:=.not.$6 
ntup/proj 4 9010.17%16 
ntup/proj 5 9010.17816 uwfunc=$6 
ntup/proj 6 9010.17816 uwfunc=.not.$3 
ntup/proj 7 9010.19%18 uwfunc=$6 
ntup/proj 8 9010.17%16 uwfunc=$3 
zone 3 3 
hi/pl 0 

. ntup/prin 9010 

5 3  



*I- 

.:::, 

i 
tr 
0 
cn 
N 
Q 
A 
X 

0 
0 
7 

0 
a3 

0 co 

0 
CY 

0 

0 
c\l 

I 

0 
4- 

1 

0 - N r) 
I I I 

0 0 0 0 0 0 0 0 0 0 0 '  
O a 3 c D T F f D J  ( \ l * c o 0 3 0  
7 I I I l -  

I 

5 4  



Next we plotted the residuals which are calculated in the ENGINE 

program. A histogram of a typical residual is shown in figure 7. The 

important thing to notice about this histogram is the size of the residuals 

along the x axis. The space between the wires is 1 cm., therefore your 

residuals shouldn’t be bigger than that. 

Before we could plot the residuals vs 8 we needed to figure out what 8 

with respect to the central angle was. 

tan 0 x  = lx/lz , tan 0 y  = ly/lz 

where l=(lx, ly, lz) 

=vector of the central ray 

I p e r p e n d i c u l a r = ( l x 2 + l y  2 ) 112 

l p e r p e n d i c u l a r / l z = t a n  8 w r t  (wrt  : with respect to central  ray) 

tan 0 w r t =  l p e r p e n d i c u l a r / l z  

=((lx2 + 1 y 2,  1 2 )  / 1 z 

=((lx/lz)2 + (1 y /1 z )  ) 2 1 1 2  

2 112 tan ewr t=( ( tan  8xI2+( tan  0y )  

using the  small  angle  approximat ion;  

lim(O->O)tan 8wr t=l im(e->O)(s in  8wrt/cos 8wrt)= 8 w r  t 

2 1/2 Therefore,  0 w r t = ( ( 0 x ) 2 + ( e y )  ) 

2 112 =((HsxP~~)~+ ( HS Y P FP) 
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Plotting residuals versus e (figure 8) we observed that as 8 increased, the 

residuals stayed constant. 

Conclusion 

We have successfully reconstructed the trajectory of cosmic ray 

particles through the drift chambers. And we have analyzed the residuals 

as a function of 8 w r t .  This histogram tells us that the residuals stay constant 

at large angles. This is an important result, because if the residuals 

increased as e w r t  increased then we would have a large errors in our data 

at big angles. 
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SEEK AND YE SHALL FIND 

Alethea Wells* 
Mentor: Dr. David Abbott 

Continuous Electron Beam Accelerator Facility (CEBAF) 

This Virginia summer experience involved charged particle detection 

by the use of a Drift Chamber. Before in-depth particle detection could 

occur, basic knowledge of data acquisition using a computer (preferably 

CAMAC modular system/TDC) had to be obtained. After this knowledge 

became second nature, it was inevitable that data acquisition, using the 

same process, continue directly from Drift Chamber. The search for 

particles can be very deceiving. It was my responsibility to adjust certain 

features, such as drift velocity and chamber geometry to assure proper 

and efficient drift chamber operating conditions for particle detection and 

tracking; and that is where the journey begins ..... 

CAMAC is a modular system, the essential components of which are a 

crate and plug-in type modules. The back of the module is a card-type 

connector which connects with a bussed backplane in a series of parallel 

wires running along the backplane of the crate. This series of wires is 

*Jackson State University, Department of Physics, Jackson, MS 
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This bus allows digital signals to be transmitted to or from plug-in modules 

which maybe added on to the bus as desired. A single module known as 

the controller is connected to a computer running the data acquisition 

software. The modules may then be accessed for control or read-out by 

the computer processor. 
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Figure 3 

A signal from the sense wire is 
detected indicating a particle passed 
through the cell 

6 5  



Figure 4 

rrurii view slue v1ew 

I 50cm \ 

Charge 
p a s s e s  
the cha - 

!d partic 
t h roug t 

Im ber - 

I 

15cm 

:le 
7 

x !il u v Y X' 

Wire chambers 
filled with gas 
(Argon- Ethane) 

6 Planes of Wires 

OVERHEAD VIEW 
OF Y PLANE 



The first assignment was to understand the operation of a TDC (time 

to digital converter). A TDC measures and digitizes the relative time 

between two pulses, one stop and one start. A record of the arrival time of 

the digitized pulses from a signal generator with the aid of a Tektronic 

2467B (400 MHz) oscilloscope was kept in a daily journal. Basic circuitry 

knowledge was required in order to obtain a stable logic pulse. The next 

step, involved familiarizing oneself with the computer (Macintosh) and 

familiarizing oneself with data acquisition using the computer. The first 

data taken was that of TDC timed pulses, which were pulses that were 

delayed by a specific amount of time with respect to each other. The 

computer can also be used to measure charge with a QDC (also known as 

ADC). An ADC measures and digitizes the total charge collected during a 

“gate” pulse. The total charge is integrated from the start of the gate to the 

end of the gate. The following graphs (figure 1 and 2) are examples of 

data that were acquired and evaluated. 

After obtaining this basic knowledge of Drift Chambers, it was then 

time to begin tests of the drift chamber. The official drift chambers were 

already tested and prepared for experimental use before my arrival, but I 

was able to review tests and data obtained 

associated with the chamber’s calibration, 

and change various parameters 

such as geometry and drift 
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velocity, to search for even better results. 

In order to evaluate the performance of the drift chamber, the time 

of arrival of signals from the sense wires was recorded by a computer. A 

TDC recorded the arrival time of the digitized pulses from the 

amplifier/discriminator with respect to a trigger (formed by a coincidence 

of two scintillations on either side of the chamber). Upon receipt of a 

trigger, a computer recorded and analyzed the sense wire information. In 

addition, it wrote data to a disk file for subsequent analysis. 

The track finder searched for events in which five of the six planes 

(see figure 4) had a hit. The track finder tried both the left and right 

solutions for each hit. The solution with the best chi-squared (track 

finding algorithm) was chosen as the "found" track. If this track passed a 

chi-squared cut, it was accepted. This cut ensured that there was 

definitely a particle which passed through the chamber. The track-finding 

procedure requires that the drift velocity and locations of the sense wires 

be known. Figure 5 shows both good and bad residuals (the difference in 

the fitted position and the data point) for all planes and from this data I 

understood why geometry and drift velocity had to be extremely accurate 

and as precise as humanly possible. The same principles I learned from 

data acquisition using the CAMAC and TDC, I applied to the data acquisition 
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from the drift chamber (using FASTBUS computer module system). 

If ye seek the particle, ye shall find the particle, according to the 

efficiency of the drift chamber constructed by Dr. Keith Baker with the aid 

of graduate students. Truly from what I have seen and analyzed, the drift 

chamber they constructed is definitely a step in the right direction of 

particle detection. I could not imagine accomplishing anything about 

analyzing data without the stable and brilliant leadership of Dr. David 

Abbott. Through him, I have a( quired an appreciation of computers and 

their linkage to not only Nuclear Physics, but all areas of physics as well. 

Through kind, yet firm mentorsh p he has reaffirmed my faith in being 

brilliant and human. 
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COMMISSIONING TECHNIQUES 

Nigel D. V. Gomez*, Garth M. Forde* 
Mentor: Dr. Rolf Ent 

Continuous Electron Beam Accelerator Facility (CEBAF) 

A b s t r a c t  

The detector slit defines the solid angle at the entrance to the 
spectrometer. Proper calibration of the slit sets the foundation for 
future success in obtaining viable results. Similarly understanding 
electron beam properties is vital to future experiments. 

I n t r o d u c t i o n  

The stated purpose of the UnIPhy program is to expose 

undergraduate physics students to high level physics research and 

thereby to encourage them pursue a career in this field. To this end 

students are given mentors who are performing active research at the 

Continuous Electron Beam Accelerator Facility (CEBAF). At CEBAF the 

students become involved in certain aspects of the research our various 

mentors are performing. Dr. Rolf Ent’s undergraduate group consisted of 

Nigel D. V. Gomez and Garth M. Forde; our group worked on commissioning 

techniques for Hall C. 

Commissioning techniques are initial tests which one performs in 

*Morehouse College, Department of Physics, Atlanta, GA 
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Commissioning techniques are initial tests which one performs in 

order to understand the detectors and spectrometer. These tests are 

important in that they help ensure firstly the accuracy of the results 

which we have obtained, and secondly the correct interpretation of those 

results. In our study we focussed on the solid angle defining slit at the 

entrance to the Hall C High Momentum Spectrometer. 

The solid angle defining slit in the Hall C spectrometer is a sieve slit. 

This form of detector slit consists of a thick metal slab with holes drilled 

through perpendicular to the metal surface. The beam calibration targets 

were small metal forks. Our responsibility was therefore twofold: To 

determine the specifications of the sieve slit and to construct the metal 

targets . 

Solid Angle Defining Slit 

The solid angle of a spectrometer system is a relationship between 

the dimensions of the detector slit and the distance from the slit to the 

target. Usually a spectrometer observing a point like target has a solid 

angle defining slit at its entrance. [ l ]  The Hall C HMS is no exception since 

many of the proposed experiments necessitate good solid angle definition. 

To understand the optics properties of the HMS a sieve slit can be 

installed. The sieve slit, with its array of small holes, permits particles 
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pass through the holes in the form of pencil beams; those particles which 

struck the slit plate itself will have significant energy loss and therefore 

be well separated from the particles in the pencil beams. [2] 

The proposed studies require that one know accurately the 

conditions at the collision point. The momentum, position, and angles of 

the particles at that point must be known. A resolution of order 

6p/p = for our magnetic spectrometer, over a significantly large solid 

angle is desired. The stated requirements of the solid angle are that both 

horizontal and vertical angles be determined to 0.1 mrad accuracy. 1123 

Using the wire chambers two position coordinates and two angle 

coordinates can be determined in the focal plane of the spectrometer, [3] 

namely the x,y coordinates and corresponding $,e angles. The particle 

trajectories at the target can therefore be determined using transfer 

coefficients. These spectrometer transformation coefficients can be 

determined by either of the following methods: 

(a) One can determine the actual magnetic field configuration of the 

entire spectrometer. 

(b) 

trajectories and measure their coordinates in the focal plane region. 

One can use empirical methods to define input 

[2] 

This second method requires the use of sieve slits at the 
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This second method requires the use of sieve slits at the 

spectrometer entrance to specify the pencil beams entering it. One can 

then ray-trace the particle trajectory back to the target using the design 

parameters of the detector slit. [ 3 ]  

The resolution in the central region of the eventual scatter pattern is 

high; at extreme regions the resolution is lower. (One should keep in mind 

that all of the holes are drilled perpendicular to the slit.) 

All of the above leads one to the conclusion that it is of vital 

importance that the detector slit be made to high standards. Precise 

measurements are critical for ensuring the performance of the slit 

according to design goals. The sieve slits specifications were checked 

utilizing a comparator and a “rough” double check performed with a 

vernier calipers. 

inch (2.54-3 mm) and the latter capable of an accuracy of 

The former apparatus was capable of an accuracy of 

inch (2.54-2 

mm). (The rough check proved to be particularly useful as we discovered 

that there was a discrepancy in the calibration of the comparator in its 

vertical transverse mode). 

The detector slit itself was made of a non-magnetic, high density 

tungsten alloy (90% W, 10% Cu/Ni). It was designed to be placed 1 metre 

from the target in front of the first spectrometer quadrupole. (c.f., diagram 
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2) Consequently the array of holes would subtend an angle greater than 

that of the spectrometer aperture. (c.f., diagram 1) [2] Each hole of 5.08 

mm (0.2 inch) subtends a 0.02 mrad solid angle. 
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Beam Calibration Targets 

If an electron beam hits an aluminum target it will show as a small 

However it is not known whether this spot is directly equal to bright spot. 

the size of the beam cross section. 

A typical beam cross section have a gaussian profile with long tails 

away form the central peak. By scanning the beam across the aluminum 

target we can verify this beam profile and compare it to beam spot size as 

viewed by a beryllium target. The targets are used to check the geometric 

cross section of the beam to verify how long the non-gaussian tails are, 

these non-gaussian tails are typically called beam halos. 

INTENSITY 

CROSS SECTION OF 
INCIDENT BEAM 
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Should there be a case where the halo was big then the target will be 

hit only a tiny fraction of the beam itself. These calibration targets are 

typically made of aluminum or copper and are a half inch thick and about 

five square inches in size. 

Also for accelerator purposes it is useful to know what the beam is 

actually looks like. 

The procedure required to decrease the cross-section of the beam 

and increase the intensity of the beam incident on the target involves the 

use of Beam Calibration Targets (BCT). 

The BCT is made out of aluminum sheet. Its design is simple yet 

innovative. A prime example of the simple design is the fact that the 

BCT’s “central” fork prong is off center, which is to keep the minimal 

distance of the aluminum sheets if the target ladder is moved out of the 

beam, more that one-half inches. The BCT scans the beam in the 

horizontal axis and then in the vertical axis, this is done by actually 

moving the BCT side to side and up and down in a vertical plane 

perpendicular to the path of the electron beam. When the beam hits the 

target, the scintillators fire. This procedure allows one to accurately 

determine for the cross-section both its vertical height and its width or 

position of its tails. From this, an accurate idea of the shape of the beam 
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cross-section can be determined. Once this is done the beam’s cross 

section shape can be rectified by the people at the accelerator. If the need 

arises, the procedure can be repeated. 

The Beam Calibration Targets are ideal due to the fact that they are 

accurate and easy to reproduce. 
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Conclusion 

The commissioning techniques discussed in the paper clearly 

demonstrate an interesting aspect of physics. The purpose of the UnIPhy 

program is to expose undergraduate students to graduate level physics. 

The topics studied during the intense session included, the technology 

involved in projecting an electron beam, higher level computing 

programming languages, electromagnets, dipoles and quadropoles, and 

quarks and gluons. However the principles governing the vital 

commissioning techniques included simple diffraction, scattering, and 

inexpensive metal. Thus a vital component in the operations at CEBAF 

required the use of “elementary” physics. All that is required in the 

understanding of higher level physics is a strong foundation at the lower 

level, the work at CEBAF clearly demonstrated this cliche. 
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INSTRUMENTS USED IN PARTICLE DETECTION 

Mario Thomas*, Bryant Lee? 
Mentor: Dr. Carey Stronach 

Continuous Electron Beam Accelerator Facility 

A b s t r a c t  

A need for an exceptional discriminator in Hall B at the 
Continuous Electron Beam Accelerator Facility (CEBAF) to be used with 
the CEBAF Large Acceptance Spectrometer (CLAS) is of great importance 
in measuring multi-particle events in electron scattering experiments. 
A test of the Lecroy 2313 discriminator is of significance to CEBAF to 
decide whether or not the Lecroy 2313 is the discriminator of choice to 
be used with the CLAS and whether CEBAF should make large orders of 
this particular discriminator to be used in Hall B. 

From the beginning of time man has been interested in what makes 

up the world and everything around him. When the atom was first 

theorized it was considered to be the elementary particle. Over the years 

our concepts and knowledge of elementary particles has advanced to what 

seems to be the final frontier in understanding matter in its most simple 

and indivisible state. In the seventies the discovery of the quark, which is 

believed to be the point-like particle from which all matter is derived, 

*Jackson State University, Department of Physics, Jackson, MS 
tRoanoke College, Department of Physics, Salem, VA 
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Physicists worldwide want to deepen their understanding of the quark and 

the role it plays in the nucleus. The Continuous Electron Beam Accelerator 

Facility (CEBAF), in Newport News Virginia will give researchers the 

opportunity to acquire this knowledge. 

CEBAF uses a race track design to accelerate a beam of electrons into 

experimental halls. The track consist of two linear accelerators (linacs), 

which are located underground. The beam is produced in the injector 

building located at the end of one of the linacs. Through the use of 

superconducting technology the beam is driven down the linacs as it 

achieves higher energies. The second linac is parallel to the first, thus 

large magnets are employed to bend the beam around to the second 

accelerator. The beam can then enter one of the three experimental halls 

or it can orbit the accelerator once again. The curved sections of the track 

have five orbits, which allow the experimenters to achieve a selective 

range of energies. 

So why is CEBAF’s beam an ideal beam for the experiments which 

will be done in the halls? The power of 6GEV which is attained at CEBAF is 

hardly comparable to the energies at some other labs. The Stanford Linear 

Accelerator Collider, for example is able to create collisions in excess of 

1OOGEV. Though power is important it is not the only characteristic that 

8 5  



must be considered. Intensity and Duty time must also be considered in 

the beam characteristics. CEBAF uses a high intensity beam as compared 

to other electron colliding facilities. The same number of electrons that 

some labs fit into a beam slightly smaller than the size of your finger, 

CEBAF is able to squeeze down to one tenth the size of a human hair. This 

greatly increases the chances of particle interaction between the protons of 

the target and the electrons in the beam. Duty time or Duty factor is a 

ratio of how long the beam is on to how long it is off. Until CEBAF, labs 

have used a pulsed beam, which sends electrons in timed pulses. This 

means that between pulses the beam is not interacting with the target. 

CEBAF’s beam is extremely close to loo%, thus it is called a continuous 

beam. This characteristic allows experimenters to look at multi-particle 

events. With a pulsed beam too many events occur at the same time and it 

is impossible to evaluate them all at once, or to determine which resulting 

event corresponds to a particular electron pulse. With CEBAF’s beam the 

events are spread in time and thus the events can be observed 

independently. 

The research we did involving the Lecroy 2313 discriminator will be 

used in Hall B; and in order to understand the use of the discriminator, it 

is important to understand the experiments that will take place in Hall B 
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and the set up of the CEBAF Large Acceptance Spectrometer (CLAS). 

When Hall B is completed at CEBAF, it will be the site of two types of 

experiments. The first type of experiment is the detection of several 

uncorrelated particles in the hadronic final state. The second type of 

experiment to be performed is measurements for which the luminosity is 

limited by beam, target, or accidental background. 

Hall B will be home to the CEBAF Large Acceptance Spectrometer. 

CLAS is a magnetic toroidal multi-gap spectrometer in which magnetic 

fields are generated by six superconducting magnets arranged around the 

beam line to produce a magnetic field in the phi direction. In order to 

measure multi-particle events in electron scattering experiments, CLAS is 

composed of drift chambers, Cerenkov counters, calorimeters, and 

scintillation counters. 

The drift chambers in Hall B will be used to determine the 

trajectories of charged particles. The drift chambers’ wires are arranged in 

three regions. The first region is close to the target; the second region is 

located between the coils; and the third region is located outside the coils. 

Each region of the drift chamber defines a track independent of the other 

regions. The drift chambers are also useful in particle identification 

because the distribution of energy loss in drift cells gas is recorded. 
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The Cerenkov counters are used for the identification of electrons. 

The Cerenkov counters give good electron identification at large scattering 

angles. The Cerenkov counters along with the scintillators help reduce 

multiple scattering and the production of knockon electrons. 

The electromagnetic calorimeters serve in identifying electrons ant 

detecting photons. The photons are detected from the decay of hadrons. 

The scintillation counters serve in contributing to the first leve 

trigger and providing time-of-flight information. At the end of each 

scintillator is a photomultiplier tube. There are six sectors of scintillators 

arranged in a hexagon shape. 

The performance of the timing resolution is crucial to the success of 

the CEBAF Large Acceptance Spectrometer. For this reason, commercial 

electronics are being used to instrument the counters, and the 

discriminator is an important component. 

As an electron passes through a scintillator, it excites the atoms of 

the scintillator’s material. As the atoms of the material ionize and try to 

return to their ground state, the material emits a photon which goes into 

the photomultipliers at each end of the scintillator. When light enters the 

photocathode of the photomultiplier, the photocathode emits 

photoelectrons into the vacuum. The photoelectrons are directed into the 
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photomultiplier where electrons are multiplied by the process of 

secondary emission. The multiplied electrons are collected by the anode as 

an output signal. Then, the photomultiplier emits anode and dynode 

signals. The anode signal is delayed and then split before entering the 

discriminator. The dynode signal goes into the Time Of Flight Pre-trigger 

board where it waits to be enabled before passing into the discriminator. 

The discriminator counts all hits in the scintillator simultaneously and 

passes this information on to the time- to-digital converter. 

The question CEBAF wants answered is “What discriminator model 

will best compliment the CEBAF Large Acceptance Spectrometer detection 

system?”. This is why we tested the Lecroy 2313 discriminator. 

The Lecroy 2313 16-channel CAMAC ECL discriminator is  a 

programmable logic module used in first level triggering in High Energy 

Physics. It produces a precise logic pulse after a pulse over a given 

threshold is detected. The threshold can be adjusted by front panel Lemo 

connectors or remotely by CAMAC control. The Lecroy 2313 offers many 

advantages over other discriminators. Two of these advantages are 

external control monitor capability and built-in test functions. The built-in 

test function simulates an input signal for each channel which permits 

rapid, simultaneous testing of all enabled discriminator channels. 
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First, we tested the Lecroy 2313 discriminator manually. We 

checked for cross-talk between the channels at low thresholds. The Lecroy 

2313 passed this test with no problem. The problem that did occur at low 

thresholds with the discriminator was multiple pulsing. Channel 3 and 

channel 8 of the discriminator always produced abnormal shape pulses on 

the scope. These abnormal shape pulses would eventually disappear when 

we raised the threshold. 

' 

Though manual testing was sufficient and accurate for the Lecroy 

2313, the long term goal is to automate the test. After hours of working 

with the discriminator and the test equipment, it still requires a full day's 

work to complete the testing for just one module. The CLAS detector will 

have several hundred of these discriminators; thus the need arises for a 

faster , more efficient means of testing. Our goal was to make use of a 

computer program that would automate the testing. This would speed the 

process and eliminate the complications of changing the wires for each 

individual test. All of the channels could be tested simultaneously and it 

would also allow us to retrieve printouts and histograms of our data. The 

first thing we did with the computer was masking. Here the discriminator 

is placed in a CAMAC crate. CAMAC is a widely used data handling system. 

It contains a number of slots in which discriminators and other 
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instruments can be placed in to communicate with computers. In order to 

talk to the discriminator the operator must input the correct crate number, 

slot number, command number, and data information. This required some 

knowledge of simple CAMAC commands which allowed the computer to 

write to the discriminator and also read data off of the discriminator. This 

allowed us to run the same test with more accuracy and speed. Our final 

goal, which requires more time than we had, is to write a program which 

will totally automate the testing. Although we were unable to complete 

this, we do have a program which should work after all of the bugs are 

worked out. 

In conclusion, we were quite pleased with the overall performance of 

the Lecroy 2313 discriminator. It will probably be the discriminator of 

choice to be used with CEBAF Large Acceptance Spectrometer detection 

system at CEBAF. The program that we used proved to be very useful in 

the testing of the unit. We are still uncertain as to whether this program 

will prove useful in the testing of large numbers of discriminators; because 

even with the program, a considerable amount of manual labor is still 

required.  
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