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The Single Event Display (SED) is a routine that is designed to provide informa- 

tion graphically about a triggered event within the Crystal Ball. The SED is written 

entirely in FORTRAN and uses the CERN-based HIGZ graphing package. The primary 

display shows the amount of energy deposited in each of the NaI crystals on a 'Mercator- 

like' projection of the crystals. Ten different shades and colors correspond to  varying 

amounts of energy deposited within a crystal. Information about energy clusters is dis- 

played on the crystal map by outlining in red the thirteen (or twelve) crystals contained 

within a cluster and assigning each cluster a number. Additional information about 

energy clusters is provided in a series of boxes containing useful data about the energy 

distribution among the crystals within the cluster. Other information shown on the event 

display include the event trigger type and data about TO'S  and r]'s formed from pairs of 

clusters as found by the analyzer. 

A description of the major features is given below, along with some information 

on how to install the SED into the analyzer. 
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Event Number 27 

Clkster 3 
Peok=( 3;2;7)  
E(tot) = 46.8 
E( 1 :4) =0.728 
E( 1 : 13)=0.728 
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Figure 1: Sample View of the Single Event Display (Event 27 from Run 50). 

1. Crystal Display 

The Crystal Ball detector, with each of the 672 NaI crystals displayed as a triangle, 

is shown in the fold-out view of Figure 1, similar to a Mercator map of the world projecting 

a globe. In this view, the crystals on the left side of the display are actually attached 

to those on the right side; they are split apart only to display them in two dimensions. 

In the display, the twenty major triangles are outlined in the thickest black lines, the 

four minor triangles within each major triangle are outlined with thick black lines, and 

the nine crystals of each minor triangle (thirty six crystals per major triangle) have thin 

black lines. (Note: The Single Event Display figures in this note are in color, and should 

be printed accordingly, if at all possible.) 

In the crystal display of Figure 1, the regular hexagons, shown as blank areas 
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Figure 2: Major Triangle Numbering Scheme 

where there are no NaJ crystals, are due to the entrance and exit of the beam into the 

Crystal Ball detector. These hexagons are labeled ‘Beam In’ and ‘Bea.m Out.’ Note that 

the ‘Bean Out’ hexagon is drawn on the left side of the display, and most of the energy 

from an interaction will be showered arouiid that location. 

A diagram of the numbering scheme for the major triangles is shown in Figure 2. 

The first major triangle is displayed in the upper left, the second major triangle below it 

(rotated 180 degrees from the first), the third next to it, and the fourth major triangle 

below the third. This group of four major triangles is then repeated four more times, 

totaling twenty major triangles. The numbering scheme for the minor triangles within 

a major one is shown in Figure 3. There are two different orientations of the major 

triangles rotated 180 degrees from each other. The minor triangles within both of the 

major triangle orientations are displayed in Figure 3. 

Finally, there are nine crystals within each minor triangle, and the numbers for 

each of these crystals are shown in Figure 4. Again, there are two different orientations 

of the minor triangles, so the crystal numbers corresponding to both orientations are 

shown. 

2. Colors and Shades 

There are seven different colors and three different shades to represent the amount 
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Figure 3: Minor Triangle Numbering Scheme Within a Major Triangle 

.I 

Figure 4: Individual Crystal Numbering 
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Scheme Within a Minor Triangle 



of energy deposited in a particular NaI crystal. Within the crystal display, the lowest 

amount of energy, corresponding to < 1 MeV, remains in white, while two shades of gray 

correspond to small amounts of energy (< 5 MeV and < 10 MeV) deposited in a NaI 

crystal. Thus any energy deposited in a crystal below 10 MeV will be in a shade of gray 

and not in color. The seven colors range from blue (cool), for energies in the range 10 to 

20 MeV, to red (hot), for energies in a single crystal greater than 100 MeV, in a manner 

similar to the electromagnetic spectrum. A key to the energies associated with each color 

is provided for each event in the bottom left corner of the crystal display. 

The energies that are shown are taken from the ‘ecryst’ array, as determined in 

subroutine PedGain/CB-ADC2Energy.F. This array includes a pedestal subtraction and 

gain multiplication. 

3. CIcster Information 

Considerable information about each cluster located within the Crystal Ball is 

provided by the SED. These include: (a) a red outline of the thirteen (or twelve) NaI 

crystals contained within the cluster; (b) the cluster number shown on the cluster’s 

highest-energy crystal; and (c) above the crystal display, a box containing information 

about the cluster, such as the peak-energy crystal location and the energy distribution 

within the cluster. 

Each cluster of thirteen (or twelve) crystals is found by the algorithm located in 

subroutine Physics/find-c1usters.F. Normally, a cluster contains the peak-energy (highest 

energy) crystal and its twelve closest neighbors, making a total of thirteen NaI crystals 

in the pattern of a hexagon. An exception to this is for peak-energy crystals located near 

the vertices of each of the major triangles, where there axe only eleven nearest neighbors, 

making a total of twelve NaI crystals. Each cluster found by the algorithm is outlined 

in red to be easily distiguishable from the other crystals. Since all crystals for each 

cluster are outlined in red, individual clusters that overlap may sometimes be difficult to 

distinguish. 

The clustering algorithm currently finds the highest-energy crystal in the detector 

and forms the cluster around it along with its nearest neighbors. The second highest- 
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energy crystal is then located with its nearest neighbors, and so on. The cluster numbers 

that are shown on the crystal display in the SED are formed from this method, and are 

NOT necessarily listed from the highest-energy cluster to the lowest-energy cluster. The 

cluster number is displayed at the location of the peak-energy (or highest-energy) crystal 

within the cluster. 

Additional cluster information is provided within a box above the crystal display. 

An example of this is shown below: 

Cluster 2 
Peak = (14;4;9) 
E(tot) = 116.7 
E(1:4) = 0.827 
E(1:13) = 0.508 

The information contained in this box inciudes: 

a.) Cluster number:  

‘ the cluster number for a displzyed event is shown and corresponds 

to the cluster number used in the crystal display. 

b.) Peak-energy crystal: 

The location of the peak-energy NaI crystal of the cluster is 

displayed in the form of the major and minor triangle numbers and 

the crystal number. Crystal numbers are found in the ‘peak’ array 

which is located in subroutine ‘find-clusters’ in file ‘find-clusters.F.’ 

c.) Total  energy within the cluster: 

The sum of energy deposited within the cluster of thirteen (or twelve) 

NaI crystals is shown in units of MeV. The total energy values are stored 

in array ‘e-cluster’ in subroutine ‘sed2find-clusters’ in file ‘c1uster.f.’ 
( 

d.) Energy ratio between peak-energy crystal and three nearest neighbors: 

On the fourth line of the cluster information box is the energy ratio 
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of the highest-energy crystal ( E l )  in a cluster to the sum of that 

crystal and its nearest three neighbors, El/(E1 + Ez + E3 t E*). 
This ratio is calculated in subroutine ‘peaksatios,’ and is stored in 

variable ‘ratiol’ of subroutine ‘display-cluster’ in file ‘sedisp1ay.f.’ 

e.) Energy ratio of t h e  peak-energy crystal  to all nearest  neighbors: 

The energy ratio of the highest-energy crystal ( E l )  in a cluster 

to the sum of that crystal and the twelve (or eleven) crystals nearest it 

in the cluster (total energy), EI/(EI + E‘L + . . . + EI~) ,  is 

displayed for each cluster. This ratio is calculated in subroutinc 

‘peaksatios,’ and is stored in variable ‘ratio2’ of the subroutine 

‘display-cluster’ in file ‘se-disp1ay.f.’ 

The displays of the energy ratios provide information about the energy distributions 

within clusters, and perhaps can be used to identify photon clusters from neutron clusters. 

Up to ten cluster boxes are displayed in two rows of five boxes each. If more than 

ten clusters are found in an event, only the first ten (ordered by the peak energy of the 

cluster) are displayed; the remaining clusters do not appear. 

4. Particle Informatirrn 

Displayed to  the right of the cluster information boxes are columns that show 

data about pairs of clusters. There are two sets of columns, one displaying information 

on T O ’ S  found by the analyzer, and the other on q’s. Within each particle column, the 

data supplied are: the number of the type of particle, the invariant mass of the particle, 

and the cluster numbers making up the particle. Up to five different TO’S or five different 

7’s can be displayed per event. An example is shown below: 

7ro ’I 
1 127.31 (1,4) 1 546.01 (1’2) 
2 114.43 (2,3) 
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In the 7ro column, there are two pairs of clusters that form a candidate 8'. For the first 

T O ,  cluster numbers 1 and 4 form an invariant mass of 127.31 MeV. Likewise, cluster 

numbers 2 and 3 form the second T O  candidate with an invariant mass of 114.43 MeV. 

Similar data are displayed in the q column. 

The information about the particles is taken from subroutines Physics/find-pi0.F 

and Physics/true-piO.F, where all possible pairs of clusters are combined to form an 

invariant mass of the 7r'. A similar calculation is performed for the 7.  These invariant 

masses are compared with the real 7ro (7) mass and are identified as a 7ro ( q )  only if 

the experimental masses are within a given tolerance. If the invariant mass lies outside 

the tolerance, then the pair is not identified as either a 7ro or an 7. Finally, the cluster 

numbers of all cluster pairs are compared so that no duplicate clusters are used to form 

another 7r' (77) .  No comparison is made to check that the pairs of clusters making a 7r' 

2:fe the same as the c!ust,er pairs for the 7. Also, the information displayed comes from 

cluster pairs only; no information about the missing mass or cadculation of 7's from three 

;TO'S is performed. 

5. Miscellaneous Information on Display 

At the top of the display, two additional pieces of information are provided. The 

first is the event number of the current run, which is located in the Main/runinfo.inc 

file. 

The other piece of information is the trigger type. There are nine physics trigger 

types: neutral, charged, elastic, ?r - p ,  beam, pulser, calibration, scaler, and cosmic ray 

triggers. There are also five CODA event triggers, a DIBBUK trigger, and begin and 

end of run triggers. One of these trigger types will be displayed to the right of the event 

number at the top of the display. Note that for some triggers, such as pulser and scaler 

triggers, the information about the event is NOT cleared from the previous event. This is 

a result of the arrays in the analyzer not being cleared for each new event, and therefore 

not being overwritten. The display for these trigger types will look the same as for the 

previous event, even though the trigger type at the top will change. The trigger type is 

found in the array 'event-type' in Main/runinfo.inc. 
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6. Other Features of the SED 

The CEBAF Test Package (CTP) can be used to  cut on and display certain events 

with the SED. In the file, Analysis/ctpskim.config, cuts on the data can be made using 

the same methods as other cuts on CTP variables. There are two variables in this file 

that must have given values, ‘sedon’ and ‘sedtest.’ The variable ‘sedon’ is a switch with 

two values: 

0 = false turns the SED off, (sedtest = 0 also turns off the SED) 

1 = true turns on the SED. 

The second variable, ‘sedtest’, may contain other cuts appropriate to the analysis, and 

should be in the same format as other cuts on variables using CTP. For example, to view 

only those events that are neutral triggers (event-type = l), sedtest should be written 

as : 

sedtest = (event-type == 1) 

A simple exanple of the ctpskim.confg file is: 

sedon = 1 

sedtest = (event-type==l) 

To view all triggers, set: sedtest = 1 Another example could be to  look at all neutral 

triggers that have three clusters with one pion (defined as 3cl-lpi0 in ctp-physics.config): 

sedtest = 3clitpiO && (event-type==l) 

Particular event numbers may be found with the SED by cutting oc. the variable, 

‘eventnumber.’ By adjusting the cuts on sedtest, only certain events may be displayed 

by the SED as required for the analysis. 

The SED can only display events in increasing order of event number, or in a 

‘forward’ direction. Moving backward through the events is not performed: just a5 in the 

case of analyzing events during replay. Event displays can be skipped, but only by using 

the cuts on the events through the CTP variables described previously or by repeatedly 

hitting RETURN.. 

A hardcopy of a particular event may be produced from the SED. The SED will 

write a PostScript file of that event when the ‘p’ key is typed along with the Return 

key in the nonSED window, which is the window not displaying the event. The file 
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name for that event includes in its format the run number and the event number of the 

event displayed on the SED, runaumber-eventmumber.ps. For example, if run 50 was 

being analyzed and event number 37 was the event that looked particularly interesting, 

pressing the ‘p’ key and Return would create the file, 50-37.ps. This color PostScript file 

can then be printed out or viewed again later. 

Note that there are a few features of the HIGZ graphics package that are included 

in the SED. One is that all commands must be executed in the window in which the 

analyzer is running, NOT the one where the SED event occurs. Nothing should happen 

if this is done. Another feature is that there is a lack of redraw capability with HIGZ. 

7. How to Run the SED 

The SED is contained in a single package, called from subroutine usr-event.F in 

the Main directory. As menlioned previously, both the variables ‘sedon’ and ‘sedtest’ 

must be ‘true’ fcx the SED to be called. The SED packzge is currently available and the 

installation instructions may be found in the SED Release Notes (see REXDME). The 

necessary files can be retrieved via anonymous ftp to  kepler.valpo.edu in /pub/E913/sed, 

and are named sed.tar, README, m d  INSTALL. 

The SED currently operates in the analyzer only in ‘replay’ mode. The current 

v1.0 analyzer does not handle the Monte Carlo data in the same manner as data runs, 

and consequently the SED does not operate in -m mode. The SED is also not currently 

operational in the online analyzer. 

Any comments or further suggestions about additions to the SED are welcome, 

but several things must be kept in mind. First, there is limited space to include additional 

information. Second, an attempt was made to make the display as general as possible, 

with particular cuts delegated to the CTP. Lastly, an attempt was made to make this 

available for online use and consequently as fast as possible, so long calculations per 

event will not be viewed on with favor. This version of the SED is constructed mainly 

for analysis using real data, using the variables associated with it. The Monte Carlo data 

format is not the same, so some differences may be present. 
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Event Number 545 Neutral Trigger 

Peak=( 3;4;7) 
€(tot) =161.0 
E( 1 :4) =0.893 

1 Yo 

i 131.71 ( 1,Z) 

Figure 5: A possible good nro  event. (Event 545 from Run 50). 

8. Examples of Different Types of Events in the SED 

The power of the SED as an analysis tool is demonstrated in this section, which 

conlains examples of SED pictures of several different types of events encountered in data 

taken during the running of E913/E914 in 1997. Specifically, the figures shown here are 

from run 50, which was taken with a pion beam tune, and run 141, which was taken with 

the beam tuned for kaon production. The pictures from run 50 were generated with the 

SED using raw data from the incident pion beam (i.e. no TOF cut), and the pictures 

from run 141 were generated using a time-of-flight cut corresponding to that expected 

for incident kaons. 

11 



Event Number 227 Neutrol Trigger 

CI ti st.er 1 c / g s t P r  2 Chster 3 Clilsier 4 C i u s l v  5 1YV 

Peok=(18;3;2) Peok=( 2;1;8) Peak=( 1;2;6) Peak=( 9;2;4) Peak=( 6;1;9) 
€(tot) ~ 1 9 4 . 6  E(t0t) ~ 2 6 3 . 7  €(tot) =106.6 €(tot) = 31.0 €(tot) = 24.0 2 131.71 I i. 4) 
E(1:4) ~0.855 E(1:4) ~ 0 . 5 4 3  E(1:4) =OB01 E(1:4) =0.918 E(1:4) =1.000 
E(1:13)=0.790 E(l:13)=0.464 E(l:13)=0.775 E(1:13)=0.918 E(1:13)=1.000 

137,34 2 .  3) 

Figure 6: A possible good n2no event. (Event 227 from Run 50). 

Beginning with the pion data, Fig. 5 shows a candidate event for the reaction 

n- p + n no. In this example, the neutron was most likely detected in the NaI crystals 

near the 'Beam Out' hole as cluster number 3, because clusters 1 and 2 reconstruct to . 

an invariant mass of a T O .  

Figure 6 shows a likely candidate for the reaction n- p 3 n 2n". In this example, 

cluster 5 is very likely the neutron, and clusters (2,3) and (1,4) correspond to the two 

no 's. 
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Event Number 591 Neutral Trigger 

?1 
1 537.34 ( 1.2) 

Figure 7: A possible good nq event. (Event 591 from Run 50). 

Figure 7 shows a candidate event for the reaction 7r-p --+ nq. In this event the 

neutron was not detected, either because it went forward through the 'Beam Out' hole, 

or because it failed to deposit energy in any of the crystals as it left the Crystal Ball. 

Figure 8 shows a candidate event for the reaction n- p -+ n 3w". The neutron was 

not detected, if this was indeed a 37r" event, because the six clusters which were detected 

reconstruct pairwise to three 7r" 's. 
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Event Number 67 

::I LJ Stef 1 
Peok=( 7; l ; l )  
€(tot) =171.2 
E(1:4) =OS31 
€(1:13)=0.51S? 
Clustcr 5 
Peak=( 3;2;5) 
E(tat) = 28.5 
bf.114) =1.000 
E( 1 : 13)=0.749 

c:us:~... 2 
Peak=( 7;2;3) 

E(l:4) =0.901 
€(tot) = 93.0 

E( 1 : i3)=o.a78 

Neutrol Trigger 

Clcstar 3 TI' 

1 137.53 ( 2 . 5 )  
2 140.24 ( 3. 4) 
3 i '6.12 ( 1. 6) 

Figure 8: A possible good n 37r" event. (Event 67 from Run 50). 
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Event Number 170 Neutral Trigger 

no 
1 135.31 < 1, 2 )  

Figure 9: A ‘snake’ event from a pion run. (Event 170 from Run 50). 

Figure 9 shows a typical so-called ‘worm’ or ‘snake’ event. These events are ones 

where energy is deposited in a continuous line of crystals starting at the ‘Beam In’ opening 

of the Crystal Ball. Note that the large energy deposited at  the ‘head’ of the ‘snake’ is 

due to the Bragg peak produced when the particle stopped. 
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Event Number 41 Neutral Trigger 

~ 

Figure 10: A ‘hot upstream’ event from a pion run. (Event 41 from Run 50). 

I 

Figure 10 shows a so-called ‘hot upstream’ event, where a large amount of energy 

was deposited in the crystals near the ‘Beam In’ hole on the upstream side of the Crystal 

Ball. These events have kinematics inconsistent with any reaction which could have 

occurred in the target. In the case of the event shown in Fig. 10, the beam momentum 

was 750 bIeV/c and the upstream crystals show an energy deposition of some 550 MeV. 

Most likely, both ‘snakes’ and ‘hot upstream’ events were caused by decay or scattering 

of incident beam particles just downstream of the upstream veto counters. The resulting 

scattered or decay particles then missed the barrel veto counters inside the Crystal Ball, 

entered the upstream crystals directly, and thereby satisfied the conditions of the neutral 

trigger. 
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Event Number 460 Neutrol Trigger 

::I IUS t er 1 t2;;;s:er 2 ClLster 3 C ~ us ie r 4 
Peok=( 7;2;3) Peck=( E ;  1 ;3) Peok=(15;2;6) Peak=( 19;4;5) 
E(tot) =198.4 €(tot) = 84.1 E(tot) =143.7 E(tot) =146.0 
E( 114) =0.779 E( 114) ~ 0 . 6 6 7  E( 1 :4) =0.666 E( 1 :4) =0.755 
E(1:13)=0.488 E(1:13)=0.547 E(1:13)=0.532 E( l  :13)=0.433 
Cluster 5 Cluster 7 Cluster 8 Clils:er 9 
?eak=(l6;2;8) Peak=(20;4;6) Peak=( 7;3;6) Peak=( 10;1;7) 
E(tot) =105.4 E(tot) = 87.4 E(tot) = 68.7 E(tot) = 65.6 
E( 1 :4) =0.638 E( 1 :4) =0.491 
E( 1 : 13)=0.366 E( 1 : 13)=0.280 

E( 1 :4) =0.375 
E( 1 : 13)=0.221 

E( 1 :4) =0.626 
E( 1 : 13)=0.310 

133.29 ( 3, 5) 
139.90 ( 2. 7) 
152.33 ( 6. 6) 

Peck=( 1 1 ;3;9) 

E(tot) = 38.3 
E( l  :4) =0.462 

Figure 11: A ‘double-snake’ event from a kaon run. (Event 460 from Run 141). 

Figures 1 and 5-10 were all generated using data from Run 50, which had an 

incident pion beam of momentum 750 MeV/c. No time-of-flight cut was being used for 

the Single Event Display. Figures 11-13 were generated using data from run 141, which 

had a beam tune for 750 MeV/c kaon production, and a time-of-flight cut in the SED 

suitable for selecting events with incident kaons. The ‘kaon’ data of run 141 is dominated 

by ‘snake’ and ‘hot upstream’ events, however. Some of the ‘snake’ events reach almost 

180” around the Crystal Ball, as in the event shown in Fig. 11. Figure 12 shows one of 

the ‘hot upstream’ events from the same run. 
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Event Number 227 Neutrol Trigger 

xo 

1 133.56 ( 1.3) 

Figure 12: A ‘hot upstream’ event from a kaon run. (Event 227 from Run 50). 
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Event Number 154 

“aster I :luster 2 Ciuster 3 CILs:er 4 Ciuster 5 
Peak=( 7;1;9) Peok=(l9;4;4) Peak=( 9;3;3) Peak=( 1 6 x 1 )  Peak=( 1 ;2;6) 
E(t0t) ~ 2 6 3 . 0  E(t0t) ~ 1 7 2 . 9  €(tot) = 95.8 E(t0t) = 81.4 E(t0t) = 35.2 
E(1:4) =0.695 E(1:4) ~ 0 . 6 9 8  E(1:4) =0.946 E(1:4) =0.832 E(1:4) =1.000 
E( 1 13)=0.597 E( 1 13)=0.635 E( 1 : 13)=0.867 E( 1 13)=0.832 E( 1 : 13)=0.809 

Neutral Trigger 

no 

1 126.44 ( 1. 3) 
2 124.29 (2 .  4) 

Figure 13: A (rare) good event from a kaon run. (Zvent 154 from Run 141). 

Only occasionally does one find a ‘kaon’ event that seems likely to be recon- 

structable. Figure 13 shows what may be a good event for the reaction K- p -+ n 27r0, 

where cluster number 5 would be the neutron. 

In order to roughly compare the frequencies of the various types of events shown 

above, the first few events of runs 50 and 141 were viewed using the SED and tallied 

according to the type of event seen. The resulting counts of different types of events 

and the percentages of the total number of counts are summarized in Table I. The event 

category ‘other bad’ included events having cluster patterns which did net appear to  

reconstruct to good events based purely on viewing them with the SED. These included 

mostly events with several clusters where no pairs of clusters fell within either the pion or 
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eta invariant mass cuts. Undoubtedly there were good events in the ‘other bad’ category, 

such as events from the reaction n - p  + n y ,  where the neutron was not detected, or 

events for which one or more photons were lost out the upstream or.downstream holes 

of the Crystal Ball. The second two columns of numbers in Table I are both from Run 

141, but using the time-of-flight cuts in the SED appropriate for incident kaons and no 

cuts for pions, respectively. 

‘pion’ data ‘kaon’ data ‘pion’ data 

(Run 50) (Run 141) (Run 141) 
\ 

TABLE 1. Rough Estimates of Frequencies of Event Types. 

f vok  

- ! ! o b  

Ni*t 
% Snake 

% Hot Upstream 

% Good 

% Other Bad 

37 4 13 

46 7 6 

100 51 27 

7.0 f 2.5 49.0 f 7.0 14.8 f 6.8 

10.0 f 3.0 29.4 f 6.4 14.8 f 6.8 

37.0 f 4.8 7.8 f 3.8 48.2 f 9.6 

46.0 f 5.0 13.8 f 4.8 22.2 f 8.0 

From Table I, one sees that the pion run contained about fifteen percent snake 

and hot upstream events, and furthermore that the ‘other bad’ category outnumbers the 

‘good event’ category. Apparently, only about fifty to sixty percent of the events may 

end up being reconstructable. The ‘kaon’ data of Run 141 is completely dominated by 

‘snake’ and ‘hot upstream’ events, and probably about twenty percent of the events with 

good kaon time-of-flight were due to particles interacting in the target. Of these, less 

than half looked as though they were likely to reconstruct to good events. The ‘pion’ 

data of Run 141 had fewer ‘snake’ and ‘hot upstream’ events than the ‘kaon’ data from 

the same run, but a significantly higher incidence than ‘pion’ data from Run 50. The 
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cause of this is not yet understood. Curiously, the good events from the ‘pion’ data of 

Run 141 seem to outnumber the ‘other bad’ category, which is not the case for the ‘pion’ 

data of Run 50. This may be just due to the extremely limited statistics of this simple 

test, however. 

Notwithstanding the limited statistics in Table I, it would appear that the beam 

tune for the ‘kaon’ running was poor, and that even after applying the time-of-flight cut 

for kaons, most of the surviving data were clearly not due to kaons, but rather were caused 

by stray beam particles that bypassed the barrel veto inside the Crystal Ball, and instead 

entered the crystals directly from the upstream side. While such events are probably not 

too difficult to reject in the offline data analysis, their presence indicates that a significant 

fraction of what one sees online is due to events that do not originate from the target. 

Improvements to both the beam tune and the trigger hardware could help elimicate this 

problem in the future, but at present more work needs to be done to better understand 

the origin of the stray particles and the mechanism by which they occur. Somehow they 

manage to be seen by the time-of-flight counters without being rejected by the upstream 

veto counter on a direct path to the upstream crystals. Once they reach the crystals, 

they leave a ‘snake’ trail that could only be produced by a high-energy charged particle 

such as a muon from a pion decay. 

~ 

A possible explanation may be as simple as the timing having been slightly off for 

one or more of the four counters that comprise the upstream veto. In that case, a study 

of the phi distribution of the ‘snake’ events might reveal something, but the clusters from 

‘hot upstream’ events seem to be relatively uniformly distributed around the upstream 

opening of Crystal Ball, as one can see by simply looking at Figs. 10 and 12. 0“ L course, 

if the timing of all four of the upstream vetos was incorrect, then one would not expect 

a phi dependence in either the ‘snake’ or ‘hot upstream’ events. 

Another possibility is that the ‘snake’ and ‘hot upstream’ events were leftover 

signals from’ previous charged-particle events that had not yet died away, and were trig- 

gered by beam particles that did not interact in the target. If this were the case however, 

one would not expect to see the very high energy depositions that one often sees. This 

possibility is not ruled out at  this time, however. 
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9. Conclusions 

A software package for displaying single events in the Crystal Ball has been devel- 

oped by students and faculty at Valparaiso University. The Single Event Display package 

is compatible with the Crystal Ball analysis software, and should be incorporated in the 

online software for the benefit of the experimenters during the running. It is a very useful 

tool for visualizing events in the Crystal Ball, and can lead to significant insights which 

might not be immediately evident using other means. 

A cursory look at data from the 1997 running period shows problems with stray 

particles entering the Crystal Ball from upstream and bypassing the target altogether. 

These problems are present in data from both pion and kaon running, and have serious 

implications for both offline analysis and possible improvements to the hardware for 

future running. The explanation of the origin of the stray particles is not immediately 

obvious, and so the initial use of the SED has already served as an aid for understanding 

the nuances of the Crystal Ball apparatus. 
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