








       E831(FOCUS) is an experiment that will investigate several topics in charm physics including high precision studies of charm semileptonic decays, QCD studies using double charm events, a measurement of the absolute branching fraction for the DO meson, a systematic investigation of charm baryons and their lifetimes, and searches for DO mixing, CP violation, rare and forbidden decays, and fully leptonic decays of the D+. As my co-workers worked to get the final stages of the E831 together for its run, I began my project which would help in the data reading of the experiment.


  When I first heard that I would be laying wires, I thought to myself "What could be more tedious?".  I didn't  realize how important this project was until I had to do research for this paper.  The initial laying of these wires was not difficult.  We merely pulled the tiles from the floor and laid sets of four wires to each designated work station.  At these work stations the wires would be connected to a system, known as  Ethernet,  by a licensed technician.  Ethernet is a local area network also known as LAN.  This system transmits information between speeds of 10 and 100 million bits per second (Mbps).  The most widely used 








Ethernet system is the 10-Mbps twisted-pair variety.  The different cable variety types include-original thick coaxial, thin coaxial, twisted pair, and fiber optic.  The  E831 in the past used the thick and thin coaxial cable, but  now it is presently using the unshielded twisted-pair cable.


The 10Base-T system operates over two pairs of wires, one pair used to receive data signals and the other pair used to transmit data signals.  The two wires in each pair must be twisted together for the entire length of the segment.  The 10-Mbps twisted-pair Ethernet system was designed to allow segments of approximately 100 meters in length when using modern "voice grade" twisted pair telephone wiring that meets the EIA/TIA Category 3 wire specifications and follows the correct wiring scheme.  The EIA/TIA cabling standard recommends a segment length of 90 meters between the wire termination equipment in the wiring closet, and the wall plate in the office.  This provides 10 meters of cable allowance to accommodate patch cables at each end of the link, and signal losses in intermediate wire terminations on the link etc.  There are twisted-pair Ethernet cable testers available that allow you to check the electrical characteristics of the cable you use, to see if it meets the important electrical specifications.  These specifications include signal crosstalk, which is the amount of signal that crosses over between the receive and transmit pairs, and signal attenuation, which is the amount of signal loss encountered on the segment.  The transmit and receive data signals on each pair of a 10Base-T segment are polarized, with one wire of each signal pair carrying the positive (+), and the other carrying the negative (-)  signal.


The Ethernet system consists of three basic elements 1) physical medium- which is used to carry Ethernet signals between computers, 2) a set of medium control rules fixed in each Ethernet interface that allow multiple computers to fairly mediate access to the shared Ethernet channel, and 3) an Ethernet frame that consists of a standardized set of bits used to carry data over the system.  Figure 2.2 below shows a block diagram of the components used in a 10-Mbps media system.


























On the right hand side of this block diagram is the physical medium.  This unit is used to carry Ethernet signals among computers.  Any one of the 10-Mbps media types include thick/thin coaxial cable, twisted-pair cable, and fiber optic cable.  Connection to the medium is made with the medium dependent interface or MDI.  In the E831(FOCUS) case the twisted pair Ethernet, the MDI has an eight pin connector which is also referred to as an RJ-45 telephone style jack.  This jack provides a connection to the four pair wires used to carry network signals in the 10-Mbps twisted pair media system.  This is a piece of hardware used for making a direct physical and electrical connection to the network  cable.  The next device is the medium attachment unit (MAU) or transceiver.  This part provides MAU with a direct physical and electrical connection to the medium.  To the left of the MAU is the attachment unit interface (AUI).  The AUI provides a path for signals and power carried between the ethernet interface and the MAU.   AUI may be connected to the Ethernet interface in the computer with a 15-pin connection.  This overall diagram shows a typical connection the computer contains of an Ethernet interface which forms  uup and sends Ethernet frames that carry data between computers attached to the network.  The Ethernet interface is attached to the media system using a set of equipment that can include an AUI, a MAU, with its associated MDI.  MAU and MDI are specifically designed for each media type used in Ethernet.


If you take another look at the diagram of 2.2 you will notice dashed lines indicating two configurations shown.  One with external MAU and one with internal MAU.  With the external configuration a computer or repeater port is equipped with a 15-pin AUI connector.  The AUI cable and MAU are both located outside the device.  It is also possible for the MAU and AUI to be integrated as part of the electronics inside the computer or repeater port.  In this case, the only exposed device on the device is the MDI that connects directly to the network media.  This is the type of connection found for example onn a thin coaxial or twisted-pair Ethernet interface used in a computer. This diagram shows how a computer or repeater looks when connected to an Ethernet segment using an external  transceiver cable and external transceivers. 


Each computer linked to Ethernet is called a station.  These stations operated  independently  of all other stations on the network.  There is no set central controller.  All stations share and are connected to a signaling system known as the medium.  The signals travel, one bit at a time, over the shared signal channel to every attached station.  To send data a station listens to the channel, and when the channel is picked up the station transmits its data in the form of an Ethernet frame.  After each transmission all stations on the network must equally operate for the next frame to start its transmission.  This allows for a fair access to the network channel.  No computer can lock all the others out.  The medium access control (MAC) unit implanted in the Ethernet interface, located at each station, controls the shared channel of each computer.  This unit is based on a system called the Carrier Sense Multiple Access with Collision Detection (CSMA/CD).


The CSMA/CD protocol must wait until there is no signal on the channel, then it may begin transmitting.  There will be a signal on the channel, called a carrier, if some other interface is transmitting.   Before another interface can transmit it must wait until the carrier is finished. This procedure is called Carrier Sense.  Each interface is equal in their ability to send frames onto the network.  No computer has greater priority than the next.  This is known as Multiple Access.  Collision Detection is when the Ethernet system senses a "collision" of signals and to stop the transmission and return the frames.  This occurs because the first bits of a frame do not reach all parts of the network at the same time.  This makes it possible for two interfaces to sense that the network is ready and to start transmitting their frames at the same time.  The CSMA/CD protocol is created so all stations get fair access, as well as, a chance to use the network.  After each transmission the CSMA/CD protocol is used to determine which station uses the Ethernet system next.


To understand the make-up of an Ethernet system it helps to understand the topology of the system.  The signal topology of the Ethernet, is also known as the logical topology, to distinguish it from the actual physical layout of the media cables.  The  logical topology of an Ethernet system provides a single channel (or bus), which can be seen in the diagram 3-1 below, that carries Ethernet signals to all stations.




















Multiple  Ethernet segments can be linked together to form a larger Ethernet LAN using a signal retiming device called a repeater. A non-rooted branching tree (shown below) can be produced by the use of repeaters and a set Ethernet system of multiple segments.  Meaning that each media segment  is an individual branch of the total signal system.


























The logical topology is still a single Ethernet  channel that carries signals to all stations, even though the physical make-up is connected in a star pattern with multiple segments attached to a repeater (shown below).
































In figure 1.1 it shows several  media segments linked with repeaters and connecting to stations.  A  signal sent from any station travels over that stations segment and is repeated onto all other segments.  The physical topology may include bus cables or a star cable layout, but there is only one signal channel delivering frames over those segments to all stations on a given Ethernet LAN.


A link segment is defined as a point-to-point medium that connects two and only two MDIs.  The smallest network built with a link segment consists of two computers, one at each end of the link segment.  The more common installation uses multiport repeaters, also called hubs, to provide connection between a larger number of link segments.  You connect the 10Base-T MAU in the Ethernet interface in your computer to one end of the segment, and the other end of the link is connected to the MAU in the hub.  This way you can attach  as many  link segments with their associated computers as you have hub ports, and the computers all communicate via the hub.  The physcial topology supported by twisted-pair link segments is the star.  Once again in this format a set of link segments are connected to a  hub to the computers like the rays from a star.  Another way to look at it is like aa wagon wheel.  The hub is located at the center and each link segment represents a spoke of the wheel.  Figure 5.3 shows a four-port twisted-pair repeater linking four DTEs (computer) with twisted-pair link segments.  The signals from each computer are sent through the repeater and repeated out onto all other segments.


























When connecting two twisted-pair MAUs together over a segment, the transmit data pins of one eight-pin connector must be wired to the receive data pins of the other, and vice versa.  This crossover wiring may be accomplished in two ways: with a special cable or inside the hub.  For a single segment connecting only two computers you can provide the signal crossover by building a special crossover cable.  This can be done with the transmit pins on the eight-pin plug at one end of the cable wired to the receive data pins on the eight-pin plug at the other end of the crossover cable, and vice versa.  When you are wiring multiple segments in a building it is easier if you wire  the cable connectors straight through and not worry whether or not other twisted-pair cables in your building have been correctly crossed over.  The 10Base-T MAUs continually monitor  the receive data path for activity as a way of checking that the link is working correctly.  When the network is idle, the MAUs  send a link test signal to one another to verify link integrity.  It is important that both link lights at each end be lit.  This is an indication that the wired signal path between both devices are correct.  Since the link test pulse operates more slowly than actual Ethernet signals, the link lights are not always a guarnatee that Ethernet signals will work over the segment.  There are great odds that a correctly wired segment will work, but if the signal crosstalk is too high it may not work despite the presence of the link lights.


All of the features to the 10-Mbps are nice and help to run the programs properly, but the E831(FOCUS) hopes to switch from the 10-Mbps to the 100-Mbps.  Figure 9.2 shows a block diagram of the 100-Mbps network connection.
































These components  slightly differ from the 10-Mbps system, but will function just about the same.  Compared to the 10-Mbps the 100-Mbps results in a factor of 10 reduction in the bit-time, which is the amount of time it takes to transmit a bit on the Ethernet channel.  This produces a tenfold increase in the speed of the frames over the media system.  The important aspects of the Ethernet system including the frame format, amount of data a frame may carry, and the media access control mechanism are all unchanged.  The fast Ethernet  specifications include mechanisms for Auto-Negotiation of the media speed.  The Auto-Negotiation function is an optional part of the Ethernet standard that makes it possible for devices to exchange information about their abilities over a link segment.  This allows the devices to perform automatic configuration to achieve the best possible mode of operation over a link.  At a minimum, Auto-Negotiation can provide automatic speed matching for multi-speed devices at each end of a link.  Multi-speed Ethernet interfaces can then take advantage of the highest speed offered by a multi-speed hub port.  This all makes it possible for vendors to provide dual-speed Ethernet interfaces that can be installed and run either at 10-Mbps or 100-Mbps automatically.  While the E831(FOCUS) continues to use the 10-Mbps we hope to switch to the 100-Mbps in the near future.
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Abstract:  E831(Focus) is an experiment will investigate several topics in charm physics including high precision studies of charm semileptonic decays, QCD studies using double charm events, a measurement of the absolute branching fraction for the DO meson, a systematic investigation of charm baryons and their lifetimes, and searches for DO mixing, CP violation, rare and forbidden decays, and fully leptonic decays of the D+.   
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