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Abstract





	This report describes the improvements and upgrades to the D0 detector.   It is intended to give the reader a sense of what the D0 detector was, and what it is going to be.   This new design for the detector was constructed to handle the work in the new environment of the Main Injector.  
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�
1. Introduction





	After the discovery of the Top Quark and several other events, the Fermilab is now in a phase of recovery and improvement.  The construction of the Main Injector is part of this new era at Fermi and it represents a great improvement for the Accelerator.  There are a lot of other projects which intend to transform this laboratory into a more powerful one.  In this work, I will only deal with some of the improvements in progress for the D0 detector.  Throughout this work, the reader should get a sense of what the D0 detector is, what it will be and how it will help the Laboratory.  Also, after reading it, the reader should know how the writer helped as a summer technician in the development and implementation of these improvements.





�
2.  Theory* 





	2.1  General View of the D0 detector.


The DØ detector (Fig. 1.) is a large, multipurpose detector for    
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			       Fig. 1.


studying� EMBED Equation.2  ���collisions which has been operating at the Fermilab Tevatron since 1992. The design was optimized for the study of high-  PT physics and high mass states. Detectors for colliding beam experiments are composed of many different particle-detection devices, each with their own strengths and weaknesses. The general layout, however, is dictated by the physics of how particles interact with matter. Closest to the interaction point are the tracking detectors, which are devices designed to measure the three-dimensional trajectories of particles passing through them. Often, the tracking detectors are immersed in a magnetic field; this permits a determination of the momentum of the charged particles via a measurement of their bending radius. Surrounding the tracking detectors is typically a calorimeter; this is a device which measures the energy of particles which hit it. A calorimeter should be `thick' so that it will absorb all the energy of incident particles; conversely, tracking detectors should contain as little material as possible so as to minimize multiple scattering and losses prior to the calorimeter.


	The DØ detector follows the general plan outlined above. Surrounding the beam pipe are a set of tracking detectors. The Tevatron beam pipe passes through the center of the detector and the Main Ring beam pipe passes through the upper portion of the calorimeter, above the Tevatron beam pipe. The detector is quite large; the entire assembly is about 13m high x 11m wide x 17m long with a total weight of about 5500 tons. This platform is mounted on rollers so that the entire detector may be rolled from the assembly area to the collision hall. In addition, the platform provides rack space for detector electronics and other support services.


	


2.2  General view of the D0 upgrade.


	The D0 upgrade will be a key element of the attack on physics in the new high luminosity Main Injector environment. The upgrade plan , first proposed in October 1990, has been endorsed by the PAC and Director's Review. It builds on the strengths of D0, full coverage in calorimetry and muon detection, while enhancing the tracking and triggering capabilities.  Construction is now underway on a number of the detector systems.


	A major element of the upgrade is the replacement of the inner tracking systems, required because of the expected radiation damage to those detectors by Run II and also to improve the physics capabilities of the D0 detector.  The upgraded tracking system consists of an inner silicon vertex detector, surrounded by four superlayers of scintillating fiber tracker. These detectors are located inside a 2 Tesla superconducting solenoid. The momenta of charged particles will be determined from their curvature in this 2T magnetic field provided by a 2.8m long solenoid magnet. 


The superconducting (SC) solenoid, a two layer coil with mean radius of 60cm, has a stored energy of 5MJ (for reference the CDF coil is 30MJ). The solenoid is being built by Toshiba Corp. in Yokohama, Japan. They are under contract to provide the solenoid as specified by Fermilab. Some of the people involved in this contract are the people of my division, Mechanical Support Group of the Physics Department.  The contract was awarded in January 1995 and Toshiba presented its preliminary design to Fermilab in mid-March. Delivery of the magnet to Fermilab will occur in late 1996 after complete testing in Japan.  This complete testing in Japan involves the use of the RotoTrack, (Fig 2.) which is actually being built by our group.  The RotoTrack needs to be finished and tested by late September to be shipped to Japan to use it in the testing of the super-conducting solenoid magnet.


�
2. The D0 upgrade





	There are two main improvements to which my work here is related.  These are the new magnet for D0 and the Plugs for the silicon detectors.


Before the new magnet (a bigger one) is set up for the use of D0, they want to measure the magnetic field inside of it.  They want to know how strong this magnetic field is and how uniform it is throughout the whole magnet.  
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					Fig. 2. 			


So, we constructed this device called the Roto-Track (Fig. 2.).  If you look at the picture you can notice some sort of an arm.  This arm will be running back and forth and it will be rotating inside of the magnet.  At the end of the arm, there will be some sort of detectors which will measure the magnetic field at the selected positions.


	I began by calculating the Young Modulus (E) for the beam.  To do this, I put a known weight in the exact center of the beam and I measured how much it deflected under that force.  Then, with this data and using these formulas:


	Concentrated load:    � EMBED Equation.2  ���    and      � EMBED Equation.2  ���


I could calculate the E of the beam.  Then, with this and with these two other formulas:


	Distributed load:       � EMBED Equation.2  ���    and      � EMBED Equation.2  ���





I could figure out how the beam will be deformed by its own weight and how it will be deformed by an extra weight of approximately 20 pounds.  


	Why all these calculations?  Because we needed it to figure out how the system will be running.  If the beam deforms too much (say about 10-3 radians), then you will have to take care of that when you are setting up the system because that bending will affect the orientation of the little detectors at the end of the arm and, as a result, you will have wrong magnetic field measurements.


	After that, I worked with the cord that will drive the arm back and forth through the beam.  We wanted to know how that cord would stretch when a certain amount of force is applied.  Why?  Because we want to know where the arm is at any time.


First, I worked with another cord.  Not that one that we will actually use.  The theory involved in this is as follows.   


	I made some measurements of Stretch vs. Force* at a measured distance from the clamping point.  I used a scale and a ruler for this measurements.  After I got the measurements, I converted them to Stretch per inch vs. Percent of Breaking Strength* at any distance from the clamping point.  I was able to do that because, as you can figure out, if you are very close to the clamping point, your stretching will be minimum.  Whereas if you are far away from it, your stretch will be greater. Also, because I knew the breaking strength for the cord that I was working with and the breaking strength for the cord that we are going to use, I could figure out how the actual cord will behave under certain amounts of force applied.  


	Eventually the actual cord came and I was able to compare the results with what I predicted.  To see this comparison, refer to the Results section, too.


	When I was done with the cord, the moment of selecting the motor came.  To select the motor that we are going to use,  I calculated the inertia of the whole system that will be rotating by the motor.  After calculating the inertia, I used a software that helped us in the selection of the motor.  This software asks you some questions and data and then it gives you a list of the motors that can do the job.  Well, after I used the software, we ended up with about 32 motors to select among them.  So, I gave the report to my boss, and he made the selection of the motor.  


	After the selection of the motor was done, I started working with that device shown in Fig.3.  
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					      Fig. 3  


This thing is what is called a VLPC Plug.  Do you see the eight holes in the picture?  One fiber optics will be passing through each one of those holes.  I was asked to check if those holes were the right size and if they were in the correct position.  The first thing I used for that job was a system set up as follows.  There was a microscope with a camera attached to it.  There was a monitor in which you could see what the camera was looking at, and there was a computer, too.  In the computer there was a software that asked you for a few points in the surface of the plugs.  Then, you were supposed to move the microscope until you could see in the center of the screen the point that the program was asking you for.  After that, the program asked you for three points in the perimeter of each circle.  When you finished with the eight circles, the program generated and printed a file with the location and diameter of each circle.  Because I wasn’t satisfied with the results nor was my boss, we decided to try a second option.


	In the clean room at Lab D, they have a big machine that could do what we were looking for.  The machine had a very little probe that touched the surface on the VLPC Plugs and then it touched eight points in each of the holes.  In this way we were able to get a more reliable report on each of the plugs.  After that, the computer attached to the machine, generated a file with the location and diameter of each of the holes in each plug.  After all the files were done, I spent almost a week making some drawings to analyze each of the plugs that we measured.  One of this drawing is shown in Fig. 4 (next page).


� EMBED AutoCAD  ���   


      		Fig  4		


	Besides this drawing, I also wrote a report on the VLPC Plugs in which you can see the patterns in the measurements.  To see this report, refer to Appendix A.
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3. Results





	I will present my results in the same order that I presented the procedures, so that the reader can easily understand the relations of the results with the procedures.  


	3.1 These are the measurements and results of the calculations of the Young Modulus of the beam.


	Deflection of the beam with a weight of 34lb at the center:  � EMBED Equation.2  ���


	The beam was square 4in. * 4in. and was � EMBED Equation.2  ���in. thick; that means that the inertia of the cross section is given by:  � EMBED Equation.2  ���


With this, the Modulus of elasticity (E) of the beam can easily be calculated, as follows:


� EMBED Equation.2  ���


The beam weighs 2.64lb/ft.  It is 12ft. long.  So, its total weight is:


� EMBED Equation.2  ���


Finally, we can work backwards to see how the beam will be deflected by its own weight:


� EMBED Equation.2  ���


�



	3.2  Here are the graphs of Stretch vs. Force 


	3.2.1  These are the graphs for the first cord
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	3.2.2  These are the graphs for the second (actual) cord


� EMBED Excel.Chart.5 \s ���


� EMBED Excel.Chart.5 \s �Error! Not a valid embedded object.�


� EMBED Excel.Chart.5 \s ����
		3.2.3  Comparison of what I first predicted with the first cord against what I obtained with the second cord.
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3.3  Here are the measurements and results for the inertia calculations.  I will not present all the calculations, but I will show and example and then the rest of the results.


As an example, I will show the calculations for the 2in. diameter pipe.


Inertia of the pipe:


	� EMBED Equation.2  ���


Similar calculations to this one yielded the following results:


	Inertia of other pipe:   Jm = 8.023*10-4 slug*ft2


	Inertia of the beam:    Jm = .0321947 slug*ft2


	Inertia of carriage of the arm:    Jm = .002773 slug*ft2


	Inertia of the arm:      Jm = .023458 slug*ft2


	Inertia of one of the gear:    Jm = 6.30*10-6 slug*ft2


	Inertia of the other gear:    Jm = 1.13*10-4 slug*ft2


	Inertia of the whole system:   Total  Jm = .661183 slug*ft2


3.4  Some of the motors that could do the job.


After this, I used the software for selecting the motor and here are some of the motors that could do the job.


SD13-QM8362P


SD13-QM8362S


SD15-QM8362P


PK2-QM8362P


PK2-QM8362S


SD15-QM8393P


SD15-QM83135P


SD15-QM83135S








�
4. Conclusion 





The D0 detector is now in a recovery phase.  After this phase is done, this detector will be able to operate in the high luminosity environment of the Main Injector.  The upgrade will give the D0 detector:


1)	More magnetic field (2 Tesla).


2)	More accurate tracking systems (silicon detectors).


3)	Also, the upgrade will enhance the detection capability required in this new era at Fermilab while, at the same time, it will replace the old detectors which received a lot of radiation during Run II, by new ones.
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Appendix A


	This is the report I did on the VLPC Plugs. 


	


	All the distances in this report are compared to point (0,0) which is the point at the upper left corner of the Plug.  These distances are averages of the six plugs that we measured.


	Width:  it is undersized by 4.8 thousandths of an inch


	Length:  it is undersized by approximately 4.6 thousandths





	The first hole:  it is approximately 2.6 thousandths above where it should be.


it is shift by approximately 1 thousandth to the left of where it               should be.


The second hole:  it is approximately 2.2 thousandths above where it should be.


it is shift by approximately 1.5 thousandths to the left of where it               should be.


Third hole:  it is approximately 1.7 thousandths above where it should be.


it is shift by approximately 1.5 thousandths to the left of where it               should be.


The fourth hole:  it is approximately 2 thousandths above where it should be.


it is shift by approximately 1.5 thousandths to the left of where it               should be.





 The fifth hole:  it is approximately 1.3 thousandths above where it should be. 


it is shift by approximately 1 thousandth to the left of where it               should be.


The sixth hole:  it is approximately 1 thousandth above where it should be.


it is shift by approximately 1.5 thousandths to the left of where it               should be.


The seventh hole:  it is approximately .9 thousandths above where it should be.


it is shift by approximately .9 thousandths to the left of where it               should be.


The eighth hole:  it is approximately 1.5 thousandths above where it should be.


it is shift by approximately .8  thousandths to the left of where it               should be.


�
	The following distances describe the centering of the holes within the piece. 


	


Upper row:   	there is a difference of, approximately, 2 thousandths between the distances from the 1st and 4th holes to the left and right ends (respectively) of the plug.


Lower row:   	there is a difference of,  approximately, 3 thousandths between the distances from the 5th and 8th holes to the left and right ends (respectively) of the plug.


First column (1st and 5th holes):  there is a difference of, approximately, .9 thousandths between the distances from the center of the holes to the upper and lower edges (respectively) of the plug.  The bottom hole is closer to the bottom edge than the top hole is to the top one.


Second column (2nd and 6th holes):  there is a net difference* of, approximately, .2 thousandths between the distances from the center of the holes to their respective edges.


Third (3rd and 7th holes):  there is a difference of, approximately, .5 thousandths measured in the same way as in the first column.


Fourth column (4th and 8th holes):  there is a net difference of, approximately, .4 thousandths measured in the same way as in the second column.


� EMBED Equation.2  ���








* Most of this information was found in the WWW.


* See the graphs in the Results section





* When I use the words net difference I mean that sometimes the shortest distance is from the top edge to the top hole, but there are other times when it is the other way.
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