WBS			:	2.5.6


WBS Title		:	Calibration Systems


WBS Dict		:	Calibration and monitoring systems for the HF consist of laser light injection, flashing blue LEDs and a moving radioactive source within a stainless steel tube.  Each of these systems provide independent but complementary information.  Nitrogen pulsed laser is used for timing and wavelength response of the detector, blue LEDs will be used during the initial phase of installation and operation for testing PMTs, cabling, front-end electronics and monitoring; and the moving source system is envisaged for the calibration of the HF towers and radiation damage monitoring of the fibers.





WBS 			:	2.5.6.1


WBS Title		:	Laser routing system


WBS Dict		:	This system is based on a single pulsed nitrogen laser which is common to the entire HCAL system.  The light from the laser is distributed to the Barrel, End-Cap and the Forward calorimeters.  HF system per side (HF- and HF+) takes 2 outputs from the commutator.  One output is used for injection of light into PMTs housed in the readout boxes and the other is used for transmission loss in the fibers that are embedded in the HF absorber. 








WBS			:	2.5.6.1.1


WBS Title		:	Quartz Fiber to L1 Splitters


WBS Dict		:	Long and armored fibers from the commutator to the L1 light Splitters are needed to bring light to the HF- and HF+.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	10 $/m


Number of Units	:	600 m


Total Cost		:	$6,000


Design Maturity	:	1.1


Judgment		:	1.0


Additional Comments	:	Newark Electronics Catalog (p443).  4 of 150 meter fibers.





WBS			:	2.5.6.1.2


WBS Title		:	L1 4-Fold Splitter


WBS Dict		:	Light splitters that transport light to either PMTs or the radiation damage monitoring fibers are located in the electronics racks close to each of the HF quadrants.  These light splitters also equipped with PIN photodiode monitors.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	$500


Number of Units	:	4


Total Cost		:	$2,000


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	Estimate is based on previous prototype work.  The splitters 					include the monitoring photodiode and associated elements.





WBS			:	2.5.6.1.3


WBS Title		:	Quartz Fiber to L2 Splitters


WBS Dict		:	Light is transported from the L1 to L2 splitters for further splitting via 10 meter long quartz fibers.  Two such sets is needed per quadrant.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	10 $/m


Number of Units	:	160 m


Total Cost		:	$1,600


Design Maturity	:	1.1


Judgment		:	1.0


Additional Comments	:	Newark Electronics Catalog (p443).  10 m long fibers from 					L1 splitters to L2 splitters.





WBS			:	2.5.6.1.4


WBS Title		:	Connectors: L1 to L2 splitters


WBS Dict		:	SMA type connectors for light transport between the splitters facilitate connection between two points.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	$ 5.7 each


Number of Units	:	32


Total Cost		:	$192


Design Maturity	:	1.1


Judgment		:	1.0


Additional Comments	:	Newark Electronics Catalog (p444).  SMA 905 Connectors.





WBS			:	2.5.6.1.5


WBS Title		:	L2 8-fold Splitters


WBS Dict		:	Light splitting to the readout boxes in a given HF quadrant are accomplished by splitting the light into eight per HF quadrant.  Each HF quadrant consists of eight readout boxes.  L2 splitters split light into each of the readout boxes.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	$500


Number of Units	:	16


Total Cost		:	$8,000


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	Estimate is based on previous prototype work.  The splitters 					include the monitoring photodiode and associated elements.





WBS			:	2.5.6.1.6


WBS Title		:	Quartz Fiber to PMT Boxes


WBS Dict		:	Light transport to the PMT boxes from L2 splitters is done by quartz fibers.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	10 $/m


Number of Units	:	256 m


Total Cost		:	3 K$


Design Maturity	:	1.1


Judgment		:	1.0


Additional Comments	:	Newark Electronics Catalog (p443).  2 m long fibers from 					racks to PMT boxes.





WBS			:	2.5.6.1.7


WBS Title		:	Connectors:  Splitter-PMT Box(2/fiber)


WBS Dict		:	SMA type connectors on either end of the fibers facilitate connection to the readout boxes from the L2 splitters. 


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	$ 5.7 each


Number of Units	:	256


Total Cost		:	2 K$


Design Maturity	:	1.1


Judgment		:	1.0


Additional Comments	:	Newark Electronics Catalog (p444).  SMA 905 Connectors.





WBS			:	2.5.6.1.8


WBS Title		:	L3 Air-core Splitters


WBS Dict		:	Splitting of light within the readout box to individual PMTs within that enclosure is performed with an air-core light splitter located in the readout box.  The light is delivered into the mixer and a bundle of fibers at the far end transport light to the PMTs.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	$ 50 each


Number of Units	:	64


Total Cost		:	$3,200


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	Estimate is based on previous prototype work.





WBS			:	2.5.6.1.9


WBS Title		:	PMT Monitor Fibers


WBS Dict		:	A set of fibers deliver light to individual PMTs in a readout  are the same type of fibers used in the absorber of HF (300 micron core diameter).


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	1.42 $/m


Number of Units	:	2,124


Total Cost		:	3 K$


Design Maturity	:	1.1


Judgment		:	1.1


Additional Comments	:	Quartz fiber unit cost is a quotation from Polymicro  Inc.





WBS			:	2.5.6.1.10


WBS Title		:	Rad Dam Fibers


WBS Dict		:	A set of fibers are embedded in the absorber that travel through and back in order to measure the light transmission loss.  Used to measure total light loss as a function of rapidity.  These fibers are identical to the fibers used as the active material of the HF (300 micron core in diameter).


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	1.42 $/m


Number of Units	:	12,744


Total Cost		:	18 K$


Design Maturity	:	1.1


Judgment		:	1.1


Additional Comments	:	Quartz fiber unit cost is a quotation from Polymicro  Inc.





WBS			:	2.5.6.1.11


WBS Title		:	Optical Feedthroughs


WBS Dict		:	SMA feedthrough connectors in the readout boxes will couple the light from the L2 splitter into the L3 air-core splitter.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	6 $/each


Number of Units	:	128


Total Cost		:	$819


Design Maturity	:	1.4


Judgment		:	1.2


Additional Comments	:	Newark Electronics Catalog (p444).





WBS			:	2.5.6.1.12


WBS Title		:	PIN Photodiode Mounting Mechanics


WBS Dict		:	Mechanical components for the mounting the PIN photodiodes in the readout boxes will facilitate rigidity of the photodiodes with respect to the light source (laser and LED).  


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	30 $/each


Number of Units	:	64


Total Cost		:	$1,920


Design Maturity	:	1.5


Judgment		:	1.1


Additional Comments	:	Estimate based on previous prototypes.





WBS			:	2.5.6.1.13


WBS Title		:	PIN Photodiode Readout Electronics


WBS Dict		:	Rad tolerant PIN PD and electronics to monitor laser and LED light are required for making sure that the light splitters work and that the changes in the intensity of the light sources can be monitored and corrected.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	160 $/each


Number of Units	:	64


Total Cost		:	10 K$


Design Maturity	:	1.3


Judgment		:	1.0


Additional Comments	:	The design is based on International Radiation Detectors 					photodiode (AXUV-HS5) priced at 100 $/each.  The 					amplification  stage is based on Analog Devices op-amp 					(808056) priced at 7.50 $/each.  





WBS			:	2.5.6.1.14


WBS Title		:	Assembly 


WBS Dict		:	Assembly of all the laser monitoring components


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	125 $/day


Number of Units	:	125


Total Cost		:	16 K$


Design Maturity	:	1.3


Judgment		:	1.0


Additional Comments	:	Estimate is based on a fully loaded university technician rates 				at the University of Iowa.





WBS			:	2.5.6.1.15


WBS Title		:	Routing System Testing & Analysis at CERN


WBS Dict		:	Laser system needs to be tested and the data need to be analyzed before the system is fully commissioned.  Physicists and post-docs will perform the initial tests before the laser system is installed in the final configuration and then, at CERN, they will do a final tests before the full commissioning.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	0


Unit Cost Estimate	:	0


Number of Units	:	0


Total Cost		:	0


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	





�
WBS 			:	2.5.6.2


WBS Title		:	Source Routing System #1


WBS	Dict		:	Radioactive source system for calibration and monitoring of the radiation damage to the HF detector will be used.  In a similar manner with the rest of the HCAL detector, a source is embedded at the tip of a wire and moved inside stainless steel tubing that is located through the absorber of the HF.  The longitudinal (parallel to fibers) source tubes allow scanning of the fibers and profile the radiation damage.  The first of the source routing systems will be in operation at the time of the first two HF quadrants are completed.  This system will be used to test the quadrants as they arrive at CERN.





WBS			:	2.5.6.2.1


WBS Title		:	Source Drivers


WBS Dict		:	Mechanisms that move the source within the source tubes and the associated control systems come from earlier designs used at the CDF detector.  Since the magnetic field at the location of the forward calorimeters is less than 100 gauss, electric motors will be used.  This simplifies the source driving system considerably (as opposed to barrel where the magnetic field strength does not allow the use of an electric motor).


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	$14,750


Number of Units	:	1


Total Cost		:	15 K$


Design Maturity	:	1.2


Judgment		:	1.0


Additional Comments	:	Estimate is based on CDF style Model III source driver (V. 					Barnes, Purdue University)





WBS			:	2.5.6.2.2


WBS Title		:	Source Tube Manifold


WBS Dict		:	Radioactive sources tubes will be located at equal rapidity intervals throughout HF with azimuthal symmetry.  The position of these longitudinal source manifolds will be determined after the radiation damage to fibers are fully finalized.


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	$7,720


Number of Units	:	1


Total Cost		:	8 K$


Design Maturity	:	1.2


Judgment		:	1.0


Additional Comments	:	Estimate is based on CDF experience (V. Barnes, Purdue 					University)





WBS			:	2.5.6.2.3


WBS Title		:	Radioactive Sources


WBS Dict		:	The radioactive source planned to be used is Co60 due to its high energy gammas.  They can be produced to give many tens of millicuries and in a very compact point sources.  The sources will be housed at the tip of a long surgical wire for insertion into the manifolds.


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	$2,250


Number of Units	:	2


Total Cost		:	5 K$


Design Maturity	:	1.1


Judgment		:	1.1


Additional Comments	:	Estimate is based on Isotope Products Laboratories and 					North American Scientific,Inc. quotations.





WBS			:	2.5.6.2.4


WBS Title		:	Pigs


WBS Dict		:	Lead protective containers for storage of the radioactive sources are required for source storage when the sources are not in use.


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	$1,000


Number of Units	:	2


Total Cost		:	$2,000


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	Estimate is based on CDF experience and information from 					Isotope Products Laboratory of Burbank, CA. (V. Barnes, 					Purdue University)





WBS			:	2.5.6.2.5


WBS Title		:	Assembly Labor


WBS Dict		: 	Technical support for the assembly of source system is needed in setting up the source driver system once the source tube manifolds are installed into the HF absorber.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	120 $/day


Number of Units	:	40 days


Total Cost		:	5 K$


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	Estimate is based on a fully loaded university technician rates 				at the University of Iowa.





WBS			:	2.5.6.2.6


WBS Title		:	Ship Source Routing System to CERN


WBS Dict		: 	The source system will have to be shipped to CERN with the radioactive source which requires hazardous material shipment procedures.  The HCAL groups have done these shipments before for very similar drivers and hot sources.


Responsible		:	Iowa/Akchurin/Onel,  Purdue/Barnes	


Funding Source	:	DOE


Unit Cost Estimate	:	$2000


Number of Units	:	1


Total Cost		:	2 K$


Design Maturity	:	1.3


Judgment		:	1.0


Additional Comments	:	The cost estimate is based on shipment of similar source 					driver system and the radioactive source to CERN in 1996.





WBS			:	2.5.6.2.7


WBS Title		:	Source Testing and Analysis at CERN


WBS Dict		: 	After the initial phase of testing, the radioactive source system needs to be tested before commissioning of the HF subsystem.  This task is done by physicists and post-docs at CERN.


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	0


Number of Units	:	0


Total Cost		:	0


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	








WBS 			:	2.5.6.3


WBS Title		:	Source Routing System #2


WBS	Dict		:	Radioactive source system for calibration and monitoring of the radiation damage to the HF detector will be used.  In a similar manner with the rest of the HCAL detector, a source is embedded at the tip of a wire and moved inside stainless steel tubing that is located through the absorber of the HF.  The longitudinal (parallel to fibers) source tubes allow scanning of the fibers and profile the radiation damage.  The second of the source routing systems will be in operation at the end of the construction phase of the HF quadrants.





WBS			:	2.5.6.3.1


WBS Title		:	Source Drivers


WBS Dict		:	Mechanisms that move the source within the source tubes and the associated control systems come from earlier designs used at the CDF detector.  Since the magnetic field at the location of the forward calorimeters is less than 100 gauss, electric motors will be used.  This simplifies the source driving system considerably (as opposed to barrel where the magnetic field strength does not allow the use of an electric motor).


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	$14,750


Number of Units	:	1


Total Cost		:	15 K$


Design Maturity	:	1.2


Judgment		:	1.0


Additional Comments	:	Estimate is based on CDF style Model III source driver (V. 					Barnes, Purdue University)





WBS			:	2.5.6.3.2


WBS Title		:	Source Tube Manifold


WBS Dict		:	Radioactive sources tubes will be located at equal rapidity intervals throughout HF with azimuthal symmetry.  The position of these longitudinal source manifolds will be determined after the radiation damage to fibers are fully finalized.


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	$7,720


Number of Units	:	1


Total Cost		:	8 K$


Design Maturity	:	1.2


Judgment		:	1.0


Additional Comments	:	Estimate is based on CDF experience (V. Barnes, Purdue 					University)





WBS			:	2.5.6.3.3


WBS Title		:	Radioactive Sources


WBS Dict		:	The radioactive source planned to be used is Co60 due to its high energy gammas.  They can be produced to give many tens of millicuries and in a very compact point sources.  The sources will be housed at the tip of a long surgical wire for insertion into the manifolds.


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	$2,250


Number of Units	:	2


Total Cost		:	5 K$


Design Maturity	:	1.1


Judgment		:	1.1


Additional Comments	:	Estimate is based on Isotope Products Laboratories and 					North American Scientific,Inc. quotations.





WBS			:	2.5.6.3.4


WBS Title		:	Pigs


WBS Dict		:	Lead protective containers for storage of the radioactive sources are required for source storage when the sources are not in use.


Responsible		:	Iowa/Akchurin/Onel, Purdue/Barnes


Funding Source	:	DOE


Unit Cost Estimate	:	$1,000


Number of Units	:	2


Total Cost		:	$2,000


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	Estimate is based on CDF experience and information from 					Isotope Products Laboratory of Burbank, CA. (V. Barnes, 					Purdue University)





WBS			:	2.5.6.3.5


WBS Title		:	Assembly Labor


WBS Dict		: 	Technical support for the assembly of source system is needed in setting up the source driver system once the source tube manifolds are installed into the HF absorber.


Responsible		:	Iowa/Akchurin/Onel


Funding Source	:	DOE


Unit Cost Estimate	:	120 $/day


Number of Units	:	40 days


Total Cost		:	5 K$


Design Maturity	:	1.5


Judgment		:	1.0


Additional Comments	:	Estimate is based on a fully loaded university technician rates 				at the University of Iowa.





WBS			:	2.5.6.3.6


WBS Title		:	Ship Source Routing System to CERN


WBS Dict		: 	The source system will have to be shipped to CERN with the radioactive source which requires hazardous material shipment procedures.  The HCAL groups have done these shipments before for very similar drivers and hot sources.


Responsible		:	Iowa/Akchurin/Onel,  Purdue/Barnes	


Funding Source	:	DOE


Unit Cost Estimate	:	$2000


Number of Units	:
