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Abstract:





Equipment related to the CDF end plug calorimeter are presently being assembled.  Several assembling convensions have been defined, and some on-the-spot tests have been executed.  This report intends to explain my participation in these activities as part of FermilabÕs SIST Program.
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�
I.	Introduction





The purpose of this report is to present the most relevant aspects of the tasks executed during my summer internship at Fermi National Accelerator Laboratory.





The tasks cover mostly assistance to the assembly and on-the-spot testing of the PMT (photomultiplier tube) box and DAQ (data aquisition) system at the CR (cosmic ray) test stand for the CDF end plug calorimeter.  The assembly is taking place presently at the IB (industrial building) Central facilities.





The range of tasks (and status) that I have been involved in the past ten weeks  cover:





execute a comparative dark current test between light-tight and non-light-tight optical strips (completed),





execute PMT box assembly operations, like: label the optical strips, connect optical strips to the calorimeter body, connect optical strips to the PMT box connector, install the PMTs in the box, and wire the PMT  HV (high voltage) and anode cables to the PMT box connectors (completed),





light-tight the COW optical cables and execute dark current test for the PMTs in the box (completed),





re-work an alignment fixture to help establish reference positions between the main detector components (pending),





assemble a 20 amp electrical circuit box and extensions for the feeding of low voltage supplies, thresholds, and remote sensing (completed),





execute equipment assembly and maintenance operations around the main components, like: attaching covers, untangling cables, laying out cables on cable trays, monitoring the drift chamber gas parameters, monitoring the voltage and current levels of the various supplies, and re-working the light-tightness of the birdhouse and doghouse counters (completed),





segregate, bundle, lay out, and connector-terminate the birdhouse and doghouse HV cables (completed),





assist in the light-tightening of the calorimeter and optical cables protector (completed),





test PMT bases for appropriate resistive  values (completed).





This report will focus on the description, background concepts and results obtained of the first three tasks listed above.


�
II.	System Description





The CR Test Stand for the end-plug electromagnetic (EM) calorimeter is being presently assembled at an assigned area within the IB Central.  Most of its parts were used at B0 during run 1B.





The whole assembly can be divided into three parts: the detecting system, the PMT box, and the DAQ system. Figure 1 presents a simple block diagram of the system.





The detecting system consists  of:





a 45 degree slice  of the EM calorimeter resting on top of six  4Ó slabs of lead know as the hardener, the whole thing is about 2Õ from the floor;





a tracking chamber positioned about 3Õ over the calorimeter, itÕs formed by two layers of counters and four layers of drift chambers;





and three counters positioned about 1Õ under the hardener.





The whole structure is supported by a steel frame strut system.





The tracking chamber and the counters will provide trigger and timing information to the DAQ system.





The light signals produced within the calorimeter are transmitted to the PMT box through a system of optical fiber strips.  The optical cables are attached to the calorimeter and routed through a protective stainless steel cover upto the PMT box input connectors.





As shown in Figure 2, the DAQ system recieves  the data from the PMT box at the RABBIT PMA modules located at the RABBIT crate.  These PMA modules amplify and sample/hold the data from each PMT.  This data is then digitized sequentially by an EWE III card that is also on the RABBIT crate.  The EWE III card contains the ADC (analog to digital converter)  The trigger from the tracking chambers and counters will provided the enable signal for the ADC to do the convertions.





The digitized PMT data is read by the ICBM module located at the FASTBUS crate.  The ICBM moldule is the RABBIT-FASTBUS interface.  The FASTBUS crate manages most of the DAQ operations.





Other modules on the FASTBUS crate include the LRS1879 TDCs.  These modules read out the tracking chambers signals.  The FASTBUS crate also includes several trigger gating modules.





An important module on the FASTBUS crate is the FRC (Fast Readout Controller).  This module controls the FASTBUS and RABBIT DAQ chain and management.   They also read the tracking chamber data from the TDCs and calorimeter data from the PCM and transfer it all to the data logging computer.  The FRC and the data logging computer are connected via an Ethernet network.





The data logging computer that runs the DAQ software is a Silicon Graphics Indy workstation.  The software is a combination between DART and a CDF level 3 software.  The DART software was built by the Fermi Online Support Group.





The data is saved on disk and periodically copied to tape.  This tape data is then stored for future analysis by the CDF Analysis Control software.





�
III. Theoretical Background Concepts








A.	Photomultiplier Tubes





The PMT is the backbone sensor within experimental particle physics.  Its basically a very sensitive device that converts light signals into a measurable electric current.  When they are combined with a scintillator detector, they are commonly called counters.





	Basic Construction and Operation





As shown in Figure 3, the PMT has a sensitive photosensitive cathode followed by a ladder of dynodes and at the end an anode where the measurable electric current is generated.  All this is cased into a vacuum tube.





A high voltage is supplied throughout the cathode, the ladder of dynodes and the anode.  An incident photon from a light source reaches the photocathode which emits an electron as per the photoelectric effect.  The electron is accelerated to the first dynode due to the existing potential in the area.  The strike initiates a chain release of secondary electrons throughout the dynode ladder.  The result is a proportional amplification of electrons flowing to the anode.   The still small current at the anode may be later amplified and taken as a signal proportional to the light intensity sensed by the PMT.





	Gain and Voltage Supply





The overall amplification factor or gain of these PMTs is mostly determined by the number of dynodes in the ladder and the energy applied to that first electron through the supplied high voltage.   The PMTs used in the project have a gain of approximetely 500,000 and the supplied high voltages are around the 1500 to 1800 VDC.





Dark Current





Dark current may be seen as the measureable current at the anode when no light is illuminating the photocathode.  This small current is mainly due to factors such as:





thermionic emission from the cathode and dynodes, this is the most significant effect coming from temperature;


leakage currents through the components of the PMT that supposely are insulated;


radioactive contamination;


ionization phenomena of residual gas atoms left in the vacuum tube;


light phenomena coming from the last few dynodes as the current is passing.





The measureable dark current should be very small at the range of a few nanoamperes.





	Exposure to Ambient Light





The high sensitivity of a PMT to light requires that it be NOT exposed to light while having the high voltage supply connected.  This may bring a period of unstable operation and increase in dark current.





�
IV. The Optical Strip Dark Current Comparative Test





A.	The Problem





It is important to know if the optical cable routing from the calorimeter to the PMT box needs to be light-tight.





The approximately 40Ó optical strips are made of 10 and 9 optical fibers sandwiched within two strips of black Tevlar.  Each end had the appropriate connectors attached to it.  The Tevlar was meant to be sufficiently light-tight for the purpose, but an on-the-spot check was desired as a final verification.





B.	The Test





The test consisted of measuring the dark current of one single powered up PMT with a different combination of optical strips connected to a specified PMT box socket.  Some combinations consisted of extra light-tighting coverage.





	Setup





The PMT cables, the optical strip, the HV source, and the picoammeter must be connected as in Figure 4.





	Procedure





Connect the PMT into the top tube slot of the left-most column of tube slots in the PMT box.  Light-tight the remaining tube slots of that particular column.





Light-tight all the input connectors of the left-most column on top of the PMT box.  Do not connect the optical strip to any of the input connectors.





Make connections as the setup figure were applicable.  The optical strip connection may not apply.





Turn ON the HV and apply a minimum of +700 VDC.





Measure the dark current.





Increase the HV by steps of +100 VDC and measure again.  Increase upto a maximum of +1800 VDC.





Repeat the test sequence with the following cases:





(Connect the optical strip to one of the left-most top box sockets and light-tight remaining sockets.)








	one 9-fiber non-light-tight optical strip


	one 10-fiber non-light-tight optical strip


	one 10-fiber light-tight optical strip  (extra light-tighting coverage)


	one 9-fiber light-tight optical strip  (extra light-tighting coverage)








�
C.	The Results





The summary of results presented was the following:





High Voltage	       PMT	9-wire non-	10-wire non-	 10-wire


    Supply	Dark Current	 light-tight	   light-tight	light-tight


      (V)	       (nA)	   current	     current	  current


		    (nA)	       (nA)	    (nA)





700	-0.1	-0.1	-0.1	-0.1





800	-0.1	-0.2	-0.2	-0.1





900	-0.2	-0.2	-0.2	-0.1





1000	-0.2	-0.4	-0.4	-0.2





1100	-0.3	-0.6	-0.6	-0.2





1200	-0.3	-1.0	-0.9	-0.25





1300	-0.4	-1.5	-1.4	-0.3





1400	-0.45	-2.3	-2.1	-0.4





1500	-0.55±0.05	-3.6±0.1	-3.1±0.1	-045±0.02





1600	-0.65±0.05	-5.3±0.1	-4.8±0.1	-0.57±0.06





1700	-0.85±0.05	-7.9±0.2	-7.0±0.2	-0.7±0.1





1800	-1.0±0.1	-11.3±0.4	-10.0±0.2	-0.9±0.1








The results for the 9-wire light-tight current case was not presented in the final results because they made no difference with the analogous 10-wire case.  The importance of the 9-wire case was to see if the empty tunnel of the tenth fiber would be as relevant issue of light  leakage.  It was not.








D.	The Conclusion





The PMT dark current results were as expected; less  than the tens of nanoamperes.





The Tevlar sandwich alone is not light-tight enough for the purpose.  The light-tightness is suspected to be leaky though the adhesive in the strip edges.  Further tests can be done focusing on this aspect.





Light-tighting the protective cover and the area of the calorimeter connectors and the PMT box connectors will reduce the dark current when the PMT is above operating HV values.  This is appreciated through the last column values.








�
V.	The PMT Box Assembly Operation





The assembly of the PMT box consisted of the use of many conventions for wiring and connections.  The numbering and lettering systems used have the purpose to facilitate future handling and troubleshooting of the box.





A.	Labeling of the Optical Strips





The labeling convention used the structure:





			TB Ôrow or layer numberÕ - Ôcolumn numberÕ





as in: TB22-4.





The labels were printed out at CDF and attached to each end of each optical strip.  The strips were classified by column and sequentially stored in pizza boxes.





B.	Connection of the Optical Strips to the PMT Box Connectors





The optical strips  come from the calorimeter to the PMT box in six bundles.  There are two bundles per each 15 degree calorimeter sector.  As shown in Figure 5, there are twenty-three (23) layers on each sector.  There are optical strips  connected from layer 2 to layer 23.  This adds to a total of 132 optical strips routed from the calorimeter to the PMT box.





The proper end of the optical strips were first screwed into their appropriate connections at the calorimeter, as seen at the top of Figure 4.  The delicate strips were carefully organized into six bundles and guided up on to the PMT box top connectors.  Here, each connector was attached to its proper socket according to the column and row number on the label.





It is important to be sure that the connector clicks in properly to avoid light leakages into the PMTs.





The top PMT box connectors consist of 100 sockets.  Columns 1,5, 6 and 10 (from left to right)  are not used.  In addition, rows 1, 24 and 25 (from bottom to top) remain unused for these particular optical strips.





The whole protective cover and top were light-tighted for reasons explained in section IV.





C.	Installation of the PMTs in the Box





The PMT box has ten columns of PMT slots.  As with the top connectors, only six columns are used.  The remaining four columns remain with no PMTs, related to the calorimeter towers, inserted in the slots.  The columns used are (numbered from left to right): 2, 3, 4, 7, 8 and 9.


Like in the calorimeter, they have been sectored as:





		W	West		columns 2 and 3


		C	Center		columns 4 and 7


		E	East		columns 8 and 9





The box has PMTs numbered from: W1 to W20, C1 to C20, and E1 to E20.





As shown in Figure 6, the numbering system used to identify each PMT match their position to the cooreponding calorimeter tower identification number.





Inserting the the fragile PMTs needs careful handling.  Each PMT has two small guides at its front end that must engage properly into two fixed notches at the end of the circular slot.  Then a plastic o-ring and a spacer must be inserted at the back end of each PMT before screwing in the final aluminium cap.





A total of 60 calorimeter reading PMTs were installed in the PMT  box.





D.	Wiring of the Anode Cables to the PMT Box Connectors





Every PMT installed has a black anode cable and a green dynode cable.  As shown in Figure 6, the PMT boxÕs backplane has eight black connectors.  Only six of them will be used.  As shown in Figure 7, each black connector has 20 individual pin connections.  The table on Figure 7 shows the distribution of PMTs among each of the black connectors.  The dynode cable is not used for signaling or data purposes, but it is nevertheless attached to a particular connector pin.  Each pair of pins are sequentially connected to the cooresponding black anode wire (first) and green dynode wire (second) of a particular PMT.  In contrast to the HV connectors, here all the pins  of a particular connector are used.





The connectors are classified in three group of two; have in mind that two connectors are not used.  Like in the calorimeter and the PMT box,  they have been sectored as:





		W	West		first 2 black connectors (from left to 							right)


		C	Center		black connectors number 3 and 4


		E	East		black connectors number 7 and 8





The pins are inserted inside-out at the PMT box backplane.  Insertion must be done carefully and verifying that they all properly click into position.  Unproper attachment may lead to a faulty signal connection for the anode.  Due to the fragile structure of these pins, no tool may be used to pull these particular pins into position as in the HV pin case.





E.	Wiring of the PMT  HV (high voltage) to the PMT Box Connectors





Every PMT installed has a red HV cable.  Each of these cables carries a ground wire and a power wire with individual connectors.  The PMT box Ôs backplane has nine blue connectors.  As shown in Figure 8, each blue connector has 20 individual  pin connections.  The table on Figure 8 shows the distribution of PMTs among each of the blue connectors.  Each pair of pins is sequentially connected to the cooresponding power wire (first) and ground wire (second).  Not all the pins are used.





The connectors are classified in three group of three.  Like in the calorimeter and the PMT  box, and the anode cable connectors, they have been sectored as:





		W	West		first 3 (A, B and C) blue connectors (from left to 						right)


		C	Center		second 3 (A, B and C) blue connectors


		E	East		third 3 (A, B and C) blue connectors





The pins are inserted inside-out at the PMT box backplane.  Insertion must be done carefully and verifying that they all properly click into position.  Unproper attachment may lead to a faulty power connection.  A tool may be used to pull these particular pins into position.


�
VI.	The PMT Box Dark Current Test





A.	The Problem





It is important to know if the dark currents for each PMT in the box remain within previous measured values after light-tighting the COW optical cables.  Previous test values (Figure 9) for fixed HV set points are available from the main logbook.  





Ten optical strips coming out of the COW and going into PMT box top connectors  in the protective cover had approximately 18Ó each of light exposure.  They were light-tighten completely.  A final dark current check was neccesary to verify the integrity of the enclosure.





B.	The Test





	Setup





The picoammeter must be connected to the PMT as in Figure 4.  Have available cables with the appropriate Lemo and PMT box backplane signal connectors.





	Procedure





Make connections as the setup figure.





Turn ON the HV through the CAEN high voltage system terminal. Follow the CAEN UserÕs manual or the handy operational instructions in the main logbook.  There is no need to change HV set points.





Make connections as the setup figure.





Measure the dark current.








�
C.	The Results








PMT	  Dark	PMT	  Dark	PMT	  Dark


		Current		Current		Current


		  (nA)		  (nA)		  (nA)








W1	0.25	C1	0.6	E1	0.45





W2	0.4	C2	0.2	E2	0.2





W3	0.55	C3	0.75	E3	0.15





W4	0.45	C4	0.3	E4	0.1





W5	0.35	C5	0.25	E5	0.7





W6	0.55	C6	0.2	E6	1.9





W7	0.55	C7	0.85	E7	0.2





W8	0.8	C8	0.4	E8	0.15





W9	0.45	C9	0.2	E9	0.35





W10	0.6	C10	0.8	E10	0.35





W11	0.3	C11	0.3	E11	0.15





W12	1.45	C12	0.5	E12	0.35





W13	0.5	C13	0.4	E13	0.25





W14	0.4	C14	0.5	E14	0.65





W15	0.4	C15	0.35	E15	0.25





W16	0.5	C16	0.2	E16	0.25





W17	0.5	C17	0.65	E17	0.9





W18	0.25	C18	0.5	E18	0.9





W19	0.3	C19	0.4	E19	0.4





W20	0.4	C20	0.3	E20	0.4








A first look at the C (central) PMTs showed enormously high current values between 8 and 14 nA.  Troubleshooting spotted  that the cooresponding optical strips were disconnected from the top PMT box connectors.  This was part of the sourcing trials that were being done at the moment.   The optical strips were then reconnected.  Most currents dropped to the expected low values.





It was observed that the PMTs C17, C18 and C20 remained with extremeley high values.  Troubleshooting spotted light leakages through partially removed light-tighting material on the calorimeterÕs base.  The currents dropped to expected values after black electrical tape was placed on the affected areas.








D.	 The Conclusion





The light-tightness of the PMT box remained integer.  The values obtained did not vary significantly or negatively from the previous obtained values.
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