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Introduction and Statement of Purpose
The main purpose of the research conducted was to provide background information in advance of a study into the presence of the penta-quark. The eventual idea is to take a heavy element such as Carbon-12 and bombard it with a high energy photon beam. The result will be the release of protons and neutrons as well as the creation of a 2 quark meson, which, in the case being investigated, is the phi particle. If the neutrons and the meson are moving slowly enough, it is possible they could create a bound state of 5 quarks, known as a penta-quark. Two conditions that lead to the enhancement of this scenario are:


1.
enough neutrons that the probability that the trajectory of the phi particle and a neutron are close is high


2.
enough neutrons that the energy of the photon beam can be lowered significantly below the threshold value* and hence the energy of the emitted phi particle and neutrons is relatively low and there is a greater chance of a bound state being created.

*  the threshold value is calculated for the situation in which the target is at rest. However, if the target is made up of several particles, although the net momentum of the target is zero, individual particles in the target can have momentum and hence require less energy from the photon beam to create a phi particle.


However, for this initial study, two reactions were used with lower mass targets in order to investigate the properties of the general reaction and of the detector used. These reactions were recorded in Hall B at Jefferson Lab for the g10 project. The two reactions are:


1.
gamma + proton -> proton + phi


2.
gamma + deuteron -> proton + phi + (neutron)

There were several factors in the experiment that were based on measurements being taken at Jefferson Lab rather than because of the exact specifications of the experiment. For example, although the proton reaction does not produce phi particles for sub-threshold photon beam energy, it was used because results were already being collected for a proton target, and the data proved useful for an initial determination of efficiency. As well as this, all results were collected under two magnetic field settings, and it was interesting to see if magnetic field had any effect on the efficiency or results on general. The low field setting was 2550 Torus while the high field setting was 3375 Torus.


The phi particles themselves could not be detected as their half life is far too short for them to reach the detectors (20 x 10-23 seconds) and they break down into K+ and K- particles. These however can be detected and from their trajectory and momentum, information on the phi particle can be calculated. The main research completed so far has been looking into a process for evaluating the efficiency of the reactions, and a general overview of the data collected and how it measures up to what was expected.

Efficiency Calculations
The purpose behind the efficiency calculations was to get a general overview as to the efficiency of the detector used as well as to see if different efficiency results could be calculated for different combinations of particles, in an attempt to calculate the overall efficiency for the system. The first set of efficiencies that was calculated was for the individual particles detected, in the proton reaction. These were K+, K- and the proton. The method used is as follows, as an example for the efficiency of K+:


The total number of events containing a proton, K+ and K- was recorded [PK+K-]. The total number of events containing a proton and K- was recorded [PK-].


Efficiency of K+ = [PK+K-] / [PK-]

Note: 


The total number of events recorded for each of these was subject to identical cuts made on the proton acceptance and K- acceptance (for the K+ efficiency case), as well as expected missing mass (in the case of the K+ efficiency the missing mass is the mass of the K+ meson).


Graphs were created for the efficiency of each of these separate particles, for both the momentum distribution and the solid angle distribution [see APPENDIX A]. For the solid angle distribution graphs, the plots were from 0 to 40 degrees. It is important to note that no results were observed between 0 and 5 degrees because there is a hole in the detector, for the photon beam to shoot through. As well as this, the results beyond 40 degrees were extremely erratic because of the very small number of counts recorded (the kinematics of the reaction and the fact that it was attempted with as low an energy beam as possible meant that the created K particles were not traveling in a wide arch of angles but rather, bunched around the original direction of the photon beam).


Following this, the efficiencies for the combination of two particles were attempted. The idea was to see if the efficiency results for the combination of two particles matched the results for two single particle efficiencies multiplied together. For example, you could multiply the results of the efficiency for K+ and for K- to compare it to the combined efficiency of the K+K- combination. However, attempting to produce results for the dual particle efficiencies was completely fruitless.


Beyond this, this method of multiplying efficiencies failed to take into account several experimental factors, and was replaced by the far more effective method of using Monte Carlo simulations to produce efficiency results. Currently the results of this research are still in progress and have not been completed yet.

Overall and Sub-Threshold Results
Graphs were produced for the results from both the proton and deuteron reactions, both separated by magnetic field settings and for the combined results. The overall characteristics, much like the efficiency results, were similar for both the high and low field settings. Combining these results, in particular for the proton reaction increased the number of events and hence improved the statistics of the results.

Proton Reaction
Looking first at the proton results, the statistics were somewhat erratic. This is to be expected below the threshold as there should be little or no activity. However, this may have simply been due to the low number of events recorded for the proton reaction. In order to determine if this was the case, the g11 data is set to be analyzed as well for the same proton reaction, and, since the g11 results for the proton reaction have far more events, the statistics should be far better.

Deuteron Reaction
With regards to the deuteron reaction, the results were far more useful. It was obvious that the reaction peaked at the mass of a phi particle and there was still somewhat of a peak even below the threshold, indicating that the reaction was occurring at sub-threshold energies. This peak faded as the energy decreased significantly, leaving only background counts with no real peaked distribution.

Further Research
The long term goal is to determine as much information as possible about phi creation from a photon energy beam. In particular this requires the determination of the cross-section for the proton and deuteron reactions. The key component in order to calculate this is an accurate measurement of efficiency for the reaction which should be possible once the Monte Carlo results have been established. Beyond this, since the overall data has already been compiled for these two reactions, if there are any other results that need to be investigated, it will be easy to produce graphs to investigate these matters.

Appendix A – Efficiency Plots
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Proton Efficiency
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High field (3375 Torus)
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K+ Efficiency
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Momentum

Low field (2550 Torus)
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K+ Efficiency

[image: image8.jpg]S
©

Efficiency

5 o
©
T T [T [ T T T ey

[+]
Entries 8901
= Mean 1.226
= 1RMS  0.4313
il
| I ] [ i i ) i
0.6 0.8 1 1.2 1.4 1.6 1.8 2

Momentum (GeV/c)





Proton Efficiency
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High field (3375 Torus)
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Proton Efficiency
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Appendix B – Overall Results
Proton Results

Low field

Overall events and below threshold events
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Events below 1.7, 1.6, and 1.5 GeV
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High field

Overall events and below threshold events
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Events below 1.7, 1.6, and 1.5 GeV
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Combined data

Overall events and below threshold events
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Events below 1.7, 1.6, and 1.5 GeV
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Deuteron Results

Low field

Overall events and below threshold events

[image: image19.png]ik (mi<1.1 88 abs(mmpkphm-0875)<0.08) A P W01 1 88 b 83751008 88 gt 750] 5

- | o g
1000 25
800} 20~
H H
oo 2
1o
400
5
200
[T FEEEE FEENE FEENE R S ol e b b b bins
08 1 o1 1oz 103 1e4 105 0% 1 ot 1oz 103 1e4 105

M(ktk) GoV M(ktk) GoV





Events below 1.7, 1.6, and 1.5 GeV
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High field

Overall events and below threshold events
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Events below 1.7, 1.6, and 1.5 GeV
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Combined data

Overall events and below threshold events
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Events below 1.7, 1.6, and 1.5 GeV
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