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Abstract:


	The experiment E-871 is a new fix target experiment in search of CP violation in Hyperons decay. The experiment has its foundations in the Fermilab’s experiment E-756 and 15 years of Hyper CP investigation.  This paper shows a brief explanation of the experiment’s purpose, a description of the apparatus and how some of the  components are assembled and installed in the experiment.  The author also explains the importance of the previous tasks and the influence of those in the development of the experiment.
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INTRODUCTION





Installing and assembling equipment in an experiment is a tremendous responsibility.  The equipment has to be tested and calibrated before and after its installation; this is done to reduce errors and to keep the results "close to reality". The author was involved this summer in the installation of Ansley cables and the assembly of wire chambers. The wire chambers are remarkably important because they record particle trajectories. The Ansley cables pickup signals obtained from the wire chamber’s discriminator and send them  to computers for analysis. This paper will explain how the cables are installed and provide a  brief explanation of how the chambers are assembled. 








THE HYPERCP EXPERIMENT E871





The Experiment





The HyperCP experiment takes advantage of the fact that � EMBED Equation  ���and � EMBED Equation  ��� hyperons with zero polarization can be made by requiring that they be produced at zero degrees, where parity conservation in the strong interaction requires that the polarization be identically zero.  A � EMBED Equation  ��� from the weak decay of an unpolarized � EMBED Equation  ��� is found in a pure helicity state with a polarization magnitude given by the parent � EMBED Equation  ��� alpha parameter � EMBED Equation  ���.  Hence, if CP is a good symmetry in � EMBED Equation  ��� decays, then � EMBED Equation  ��� and � EMBED Equation  ��� have equal and opposite polariza-tions. The decay distributions of the proton and antiproton in the frame (helicity frame) in which the � EMBED Equation  ��� polarization defines the polar axis are given by the following equations: 


E-1


� EMBED Equation  ���


               � EMBED Equation  ���





If CP is good in both � EMBED Equation  ��� and � EMBED Equation  ��� decays then the � EMBED Equation  ���  and � EMBED Equation  ��� and the decay distributions of the proton and anti proton are identical, as is every other kinematics parameter in the � EMBED Equation  ��� decays.  Hence reversing the polarity of the spectrometer magnet results in a CP invariant apparatus. It is evident from the above equation that difference between the slopes of two cos� EMBED Equation  ���  distribution can be due to CP violation in either the � EMBED Equation  ��� or � EMBED Equation  ��� decay, i.e. the experiment is by necessity sensitive to CP violation in both: 
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� EMBED Equation  ���





   � EMBED Equation  ���
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The HyperCP apparatus





The design of the HyperCP apparatus is based on 15 years of experience in doing hyperon physics at Fermilab, especially in the experiment E756. It consist of a target immediately followed by a collimator (with a 4.88� EMBED Equation  ��� solid angle acceptance) embedded in a 6 mm long dipole magnet.  Following a vacuum decay region is a conventional magnetic spectrometer em-ploying high-rate, narrow pitch wire chambers. The spectrometer magnets have sufficient strength to insure that the proton from the � EMBED Equation  ��� decay is always bent to one side of the spectrometer and that the two pins from the � EMBED Equation  ��� and � EMBED Equation  ��� decays are always bent to the opposite side, and that both are well separated from the charged beam exiting the collimator.  A simple, yet selective trigger is formed by requiring the coincidence at the rear of the spectrometer of charged particles on either side of the spectrometer. A scintillator hodoscope (on the pion side) and hadronic calorimeter (on the proton side) are used to detect the charged particles.  The calorimeter is needed to make the trigger “blind” to muons. The main trigger background is caused by the interaction of the charged particle beam exiting the collimator and material in the spectrometer.


 





Ansley Cables





The HyperCP experiment E871 is in its last stage and all the components of the detector must be ready for the end of 1996. The installation and the assembly of equipment is an example of the important tasks performed by students this summer.  The following is an outline of the most important facts concerning the assembly and installation of this equipment.





The Ansley cables  are prepared in a special way to send signals from one point to another. They are more efficient than other kinds of cables. The cables used in the experiment have 36 channels. Approximately 634 cables were installed which gives the experiment a total of 23000 channels. 





Cable installation is very demanding work and it requires significant effort. The cables, during installation, need to be tested for several purposes. The most common test is the continuity test which is performed by measuring the resistance of the cable. Each cable length has an average resistance which tells us several things. An infinite resistance means that the cable has an open in one of its channels.  A resistance smaller than the average is due to a short between two channels or a cable with smaller length. This test is not the only one to determine the continuity of the cable. The twisted and flat cables are tested with a circuit composed of LED's and resistors.  This method shows us the exact place where the short occurs making it more efficient than the resistance one.  





Why is cable testing so important? The first reason is that proper testing insures that signals will be received properly. The second reason is that money can be saved by identifying and repairing bad cables. Each cable has a cost of $1.00 per foot and the experiment requires cables which are longer than 200 feet. This means that each cable have a value of more than $200.00.





Multiwire Proportional Chambers





The multiwire proportional chambers consist of a set of thin parallel and equally spaced anode wires symmetrically sandwiched between two cathode panels.  For proper operation the gap between the anode and the cathode plane is normally three or four times larger than the wire spacing s.  See figure 2. When a negative potential is applied to the cathode and the anode is grounded an electric field is created.
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Fig.3





Pattern of the electric field between the cathode plane and the anode wires in the MWPC, notice the parallel lines of the field.
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Multiwire proportional cham-bers , such as the proportional counters ,have a gas mixture between the cathode and the anode. When charges are liberated in this gas volume by an ionizing event conditions are set such that electrons will drift along the field lines until they approach to the high field region very close to the anode wire. At this point avalanche multiplication occurs. The gases used in the MWPC are electronegative gases such as Argon, Xenon with carbon dioxide, methane, isobuthane, ethylene, ethane, and a fast gas such as CF4(80%) /i - C4H10 (20%).





The MWPC’s used in the experiment have a wire spacing of 1 mm and anode wires with diameters of (12 - 15[mica]) (for the chambers in the upstream analyzing magnet). 


The chamber electronics consist of a low input impedance preamplifier mounted close to the wire followed by an Amplifier/Discriminator. These two stages are separated by cables which are about 30 ft. It provides for stable operation at an anode threshold of ~12000e.





Authors Experience





Some of the tasks done by the author related to the MWPC’s were:





1. Drawing plans for the chambers. This is very laborious work because of all the details present in this kind of apparatus.  The drawings have to be made with exactness and be made easy to read. Any bad measurement may have bad consequences in the wire’s assembly. 





2. Assembly of the cart cages for the chambers.  These cart cages are placed in the top and the bottom of the chamber. In this box is placed the power bus of the chamber and is used as a protector of preamplifier.  One of the improvements done in the cage was the use of toroids to keep the desired signal.  This kind of magnet creates an impedance that avoid the interference of any signal except the one that goes along the wire. 





3. The construction of a power distribution panel which provides power to the discriminators and preamplifier of each MWPC.  It consists  of an array of fuses and LED’s equally distributed in three different voltages for three different power supplies of 


-2V, 5V and 10V.  This work must have to be done with care to avoid an over voltage or a bad calibration of the power supply.  Any bad function of these components can cause serious problems or in the worst of the case permanent ones. 








 CONCLUSION





The installation and assem-bling of equipment in an experiment plays an important role in the data acquisition.  If any of these things is done improperly the data obtained from the experiment will be wrong and useless. 





An example that shows  the importance of this is the cable testing before and after their installation.  The cables are essential because they are the connections between the experiment and the computers where the data is recorded and analyzed. If the cables are bad, 


The data must have to be also bad.   This example also shows that the conditions of the experiments must have to be "the best ".  





The assembly of the Multiwire Proportional Chambers is another example of the exactness in the equipment assembling and calibration.  





All these thing  are also important in the development of new methods to understand and create new and better techniques to calibrate and test the equipment. 





The author would like to personally to Thanks Dr. Catherine James, Dr. Craig Dukes, Dr. Kent Nelson, Jim Forsman, Chris White and all the collaborators of the experiment E871 for all their dedication and patience.       
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