6. 	HCAL Optical System


6.1	 Overview 


The hadron calorimeter (HCAL) consists of three subsystems. A barrel calorimeter, HB/HO-B measures particles.with.h < 1.4..An endcap calorimeter, HE/HO-E, measures particles in the range 1.4 < h < 3.0. A forward calorimeter, HF, measures particles in the range 3.0 < h < 5.0..The barrel calorimeter part.inside the coil.is called HB (Hadron Barrel). The two layers of the calorimeter outside.the coil use the coil and the muon.iron as the absorber material and.are called HO-B (Hadron Outer)..Similarly the Hadron Endcap calorimeter (HE) has a small one layer section using the muon iron as an absorber and is.called the HO-E calorimeter.


HB/HO-B.and HE/HO-E are tile-fiber sampling calorimeters, i.e. they use scintillator tiles and fiber readout to sample the energy.deposition of hadrons in the copper and steel absorber. Fig. 6.1 shows a generic diagram of the optical.readout.system of these calorimeters. The scintillation.light is collected.using wavelength shifting (WLS) fiber embedded in a groove in the tile. The groove follows a “sigma” (s) pattern on the tile, as shown on Fig. 6.2. Outside the tile, the WLS fiber is spliced to a clear fiber..Clear fibers are connected the readout device via an optical cable using mass-terminated connectors.
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Fig. 6. � SEQ Fig._6. \* ARABIC �1�: Generic diagram of the optical readout system for HCAL Barrel and Endcap calorimeters.


 For the HB, where the readout is located inside magnetic field of 4 Tesla, the readout devices.are.Hybrid.Photo Detectors (HPDs)..The readout for the HO calorimeter is located in the region where the magnetic field is approximately 1 Kgauss. Here either HPD’s or shielded phototubes can be used as a readout devices. The current default design calls for using HPD’s everywhere to minimize the number of optical readout systems.
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Fig. 6. � SEQ Fig._6. \* ARABIC �2�:.Design of a single tile with a “sigma” fiber layout pattern.


The HCAL Barrel is constructed in 20o wedges with individual segments bolted together. Cracks between the wedges are about 2 mm to maintain.hermeticity..� REF _Ref387559285 \* MERGEFORMAT �


�


Fig. 6. 3� and Fig 6.x show.R-j and R-z views of a wedge. Each wedge extends.up to.4.5 m in length.in z direction.


The inner HB calorimeter consists of 18 sampling layers as shown in.� REF _Ref387559285 \* MERGEFORMAT �
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Fig. 6. 3�..The innermost layer (Layer 0) is located between the steel supporting plate of the ECAL calorimeter and the inner HCAL endplate, i.e. before any copper plates. The thickness of the scintillator for Layer 0 is 9 mm. The sampling layers between the inner and outer HCAL endplates (Layers 1 thru 16) are placed every 5 cm of copper. They are instrumented with 4 mm thick scintillator, Kuraray SCSN-81. Layer 17 is placed between the HCAL outer endplate and the cryostat and will be instrumented with 9 mm thick scintillator. The outer HO-B calorimeter consists of two sampling layers ( three layers at h=0). The first layer of HO-B is placed after the solenoid magnet and the second layer of HO-B is placed after the first 20 cm.thick muon steel absorber. The HO-B layers are instrumented with 1 cm thick Bicron BC408 scintillator. All HB and HO-B scintillator layers are read out by 0.94 mm Kuraray Y11 multiclad WLS fibers.


 The HB/HO-B calorimeter.is segmented into three longitudinal readout segments..Layers 0 is separately.read out as segment H1. This segment.measures the hadronic component of the shower which was produced in the EM crystal calorimeter. Since hadronic energy in ECAL is undermeasured by the crystal, the ratio of energy in H1 to total Hadronic Energy (H1+H2+HO-B) can be used in an algorithm to improve the resolution of the combined EM+HAD system. The second readout, H2, consists of 17 layers (1 to 17)..The third readout, the HO-B, consists of the two layers (or three layers at h = 0) located after the solenoid. The HO-B segment corrects for the high energy tails.measured by H1 and H2. The HO-B and HO-E calorimeters will also be used by.the muon system to identity muons.
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Fig. 6. � SEQ Fig._6. \* ARABIC �3�: The r-j view of the 20o inner HCAL wedge.
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Figure � SEQ Figure \* ARABIC �1� (6.x) R-z view of a HB 20 degree wedge. The inner and outer steel plates are not indicated on the drawing. The dimensions are stated assuming the inner HB radius of 1806.5 mm.


The scintillators are inserted from the large h end of the.HCAL.wedge into the 9 mm gaps between the copper plates. � REF _Ref387559426 \* MERGEFORMAT �Fig. 6. 4� shows a typical scintillator tray assembly for the a single layer of the.HB calorimeter..Each readout layer consists of three elements: Side-Left,.Middle and Side-Right sintillator trays which are.inserted to separete copper slots. The neighboring.tiles in each tray.are optically separated by grooves filled with white epoxy glue..The epoxied multi-tile sub-assemblies cut from a single piece of scintillator are called megatiles. Several megatiles are put together between two black plastic cover plates to form a scintillator tray. The bottom cover plate is 0.95 mm thick. The top cover plate is 1.9 mm thick..The routing of the fibers is inside the top.cover plate.
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Fig. 6. � SEQ Fig._6. \* ARABIC �4�:.A typical scintillator tray assembly for the inner HB calorimeter.


The top cover plate.has additional grooves. One of them is for a 1.3 mm diameter source tube where a remote motor will drive a pointlike radioactive Cs137 g source embedded in a tip of a wire. This source will be used for calibration both during construction and data acquisition. All layers will have "occasional" source tubes for use during.checkout without a B field, while the endcaps are withdrawn. In addition, two layers in each tower (layer 0 in H1 and layer 9 in H2) will have a source tube permanently coupled to one of source drivers capable of operation with the.magnetic field on. 


 Another groove is for a quartz fiber that will be used to inject either UV or blue light into the.tiles..The quartz fiber will be inserted into the same two layers (one in H1 and one in H2) which will have permanently accessible source tubes. The light injection to tiles (or to photodetectors separately ) can be done much more frequently. Light injection and g source calibration will allow us to monitor gain changes in the photodetectors as well as changes in the light output of the tile/WLS fiber system.


As a part of quality control each scintillator tray assembly will be scanned by a collimated.radioactive g source in a.1.6 m x 5.7 m megatile scanner. Following this measurement, the megatile will be scanned with the radioactive wire source..The collimated source provides an absolute excitation of each tile, and its ratio to the wire source excitation (which depends on tile size and other.solid angle effects) provides a permanent data base to enable the accurate transfer of testbeam calibrations to the assembled calorimeter, via the wire source.


The HB/HO-B calorimeter designs are close to the design of the CDF Plug Upgrade Calorimeter. Since all the components of the CDF Plug Upgrade Calorimeter are built and tested, many of the design and production issues for the CMS calorimeter.are well understood..The HCAL group has built testbeam calorimeters using the tile-fiber method for 1994, 1995, and 1996 testbeam runs at CERN. Hence,.the HCAL group is experienced in building tile-fiber calorimeters..The optical system of the HE calorimer has similar design. Each scintillator tray covers a 10o wedge. There are 19 sampling layers in each Endcap module.


6.1.1 Design Requirements of the HCAL Optical System 


The testbeam results show that the HB calorimeter can attain the target energy resolution of 100%/�EMBED Equation��� 5%. In terms of component performance, the 5% constant term requires that the variation of the tile-to-tile light yield be better than 10 % and that the rms of intra-tile transverse uniformity be better than 4%.(even if the nonuniformity is the same for all tiles in a projective tower). An overall tile-to-tile light output variation of 10 % contributes approximately 3% to the constant term because the hadron shower is typically spread out over more than 10 layers. R&D on prototypes and QA/QC tests on completed calorimeter counters indicate that this performance level has been met..


The exact magnitude of the induced constant term depends on the calibration method..If all towers of the HCAL are to be measured in a test beam, or with a source/cosmic ray muon to sufficient accuracy, than a "local" calibration can be made, which means that all towers in HCAL have the same mean. If this cannot be accomplished, than the towers have means which vary due to the tile manufacturing tolerance..Clearly, in this "global" case, one has a larger induced error for HCAL taken as a whole, since the energy mean responses are not all the same.


The results shown in � REF _Ref387559880 \* MERGEFORMAT �Fig. 6. 5�.indicate that a 10% gaussian error on the individual towers induces a 2.5% local and a 3.2% global constant error in the fractional energy response. Since the H2 test beam data imply a 5% constant term, the additional error, folded in quadrature, causes an acceptable increase in the HCAL energy resolution.
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Fig. 6. � SEQ Fig._6. \* ARABIC �5�: Induced constant term in the fractional energy error in the HCAL (y axis) as a function of tile manufacturing quality (fractional RMS of light yield, x axis). The star symbols correspond to global calibration case and the open circles correspond to the local calibration case.


We require the calorimeter to.have enough light to achieve 100%/�EMBED Equation��� 5% and to determine at 3 s level if a muon traversed.a tower. A minimum ionizing particle going through 17 layers of the H2 readout section of the calorimeter with 5 cm copper sampling corresponds to an energy of 2 GeV. We require a minimum light yield of 1 pe/mip/tile..Therefore, the photostatistics contribution to the fractional.resolution with a light yield of 17 pe/muon in 17 layers is 45% /�EMBED Equation���, or half of the 100 %/�EMBED Equation��� expected from sampling.


 Presently, electronic noise in HPD (at the gain of 2K) corresponds to approximately 2 photoelectrons. Thus 17 pe/muon is also the minimum number for the HPD's and electronics to see a muon. For a factor of 25% in safety, we should start with at least a level of 20 pe/muon. This.light yield level has been achieved in CDF, which was able to get more than 1 pe/muon per tile, or more than 17 pe/muon in 17 tiles. In CMS initial tests show that we can achieve light yield of 2pe/mip/tile.


� REF _Ref388242795 \* MERGEFORMAT �Fig. 6. 6� shows the radiation.levels over the detector. The loss of light from radiation is another source of variation of the light yield of tiles. Since the maximum allowed tile to tile variation is 10%, we want the light loss from radiation to be less than 10%. For the HB calorimeter, the radiation damage (reaching 20 Krad at radius of 198 cm at.h=0 and 30 Krad at h=1.1) is expected to be small over 10 year lifetime of the detector, assuming a total of 5 x 105 pb-1.of integrated luminosity. We will monitor the decrease to 2-3% as a function of time, which is much better than our margin of safety.
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Fig. 6. � SEQ Fig._6. \* ARABIC �6�:.Radiation levels in the CMS detector..Fluence of hadrons E>100keV in cm-2 s-1 (upper plot and radiation dose in Gy (lower plot) in the HB/HE region..The dose values have been smoothed by taking weighted running averages over neighboring bins..Values are given for 5 x 105 pb-1..The intermediate (dashed) contours in the fluence plot corresponds to 3.16 x 10n..The dotted lines indicate the geometry.


The lateral segmentation must be fine enough.for detection of narrow states decaying into pairs of jets. A segmentation of �EMBED Equation���= 0.087 x 5o is sufficient for good di-jet.separation and mass resolution. The calorimeter must have sufficiently good time resolution (�EMBED Equation��� < 5 ns) to determine the beam crossing of electrons and jets of physics interest. We require that.99% of the light generated a particle going through a tower be collected in.two beam crossings (each crossing is 25 nsec). 


6.2 	Scintillator specifications for.HB/HE/HO-B/HO-E


The length of the HB scintillator trays vary from 3.7 m to 4.3 m. The central tray vary in width from 33 cm to 50 cm and the side trays vary in width.from 16 cm to 24 cm. The smallest tile in the HB calorimeter is 15 cm x 17 cm and the largest tile is 24 cm x 40 cm. The HE trays are 10o wedges called Pizza Pans that have the shape of a trapezoid with the tiles located 35 cm to 280 cm radially.away from the beam.


The scintillators with the WLS fibers are the active medium of the hadron calorimeter. In order to attain.the required resolution and maintain this value over the 10 year lifetime of the detector, the scintillators and WLS fibers have to meet stringent material specifications. Energy of the particles in the calorimeter is measured by the amount of light that reaches the photo detector..The criteria.are developed so that a minimum ionizing particle will produce nearly the same amount of light no matter where it crosses the scintillator in a tower..The baseline for the HB/HE detectors is the Kuraray SCSN81 scintillator (polystyrene based plastic) and the Kuraray Y11-250 double clad (WLS) fiber. The HO-B and HO-E tiles are substantially larger in size with the lower light yield. For these tiles, a higher light yield is required so that minimum ionizing particles can be observed..The baseline is BC408, for which.the plastic base.is polyvinyl toluene (PVT) which produces a factor of two more light compared to SCSN81, and the thickness is 10 mm..The WLS fibers are the same as for the HB/HE calorimeters.


6.2.1	Scintillator specifications 


6.2.1.1 Material. 


The scintillator material should have good mechanical and thermal properties. Its hardness and deformation temperature should be high to allow for fast sawing and machining with only cold air stream cooling with no lubrication. A minimum machining speed for a 0.88 mm groove 0.4 mm deep is 250 cm/minute with no signs of melting.


6.2.1.2 Thickness (HB/HE). 


The light yield is directly proportional to the scintillator thickness. The nominal value for layers 1-16.is 4.0 mm. Since the scintillator together with the plastic and other materials that form the scintillator tray has to fit inside the 9 mm slots in the calorimeter, the thickness cannot increase. A.tolerance is:.Thickness = 4.0 mm ±0.4 mm. Within a.single scintillator sheet the thickness tolerance is better.± 0.2 mm.The thickness for layer 0 and layer 17 is 9 mm. The HO-B and HO-E are constructed from thicker scintillators and the nominal value is 10mm ± 1 mm.


6.2.1.3 Light Yield and Attenuation length of scintillator 


. The light yield should match WLS fibers doped with K27 dye (such as double clad Y11 or BCF91A), and produce light signal that is equal or exceeds the baseline scintillator and fiber. Fig. 6.7 (lower plot) shows an ADC spectrum of a phototube.signal from a minimum ionizing particle traversing a 19 cm by 26 cm tile. The dimensions of this tile correspond to the size of HB tile in layer 7, tower 10. The light from the tile was collected with 0.83 mm WLS fiber spliced to 1.5 m long clear fiber. The fiber was then connected via a.65 cm long optical cable to a phototube. Note that the light path included two optical connections and.the WLS and clear fibers have length.expected for the actual readout in the CMS detectror. The light yield of this tile (4 mm SCSN-81) is approximately 2 photoelectrons/mip..The measurement was performed using a 2 MeV electron gun..We require that light yield of scintillator would be at least as high as.of the sample used in this measurement.
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Fig. 6. � SEQ Fig._6. \* ARABIC �7�:.ADC spectrum of a PMT signal from tiles using collimated 2 MeV b source. The upper plot shows a spectrum for a calibration tile used to establish ADC-to-pe scale. The lower plot shows the spectrum of a 19 cm x 26 cm tile read out with optical cables corresponding to the actual length for the CMS. The light yield of the tile is approximately 2 photoelectrons/mip.


The attenuation length of scintillator must be long enough, so that the light yield of larger tiles (24 cm x 40 cm in HB) is.not degraded relative to the light yield of smaller tiles (15 cm x 17 cm in HB). In addition, the uniformity of the light yield across the tile is also dependent on the attenuation length of the scintillator. In order to keep the uniformity of tiles within few percent, the effective attenuation length must be 80 cm or larger. 


6.2.2 Radiation damage.


The typical irradiation dose in the barrel at shower maximum in 10 years of operation at design luminosity is about.300 Gy ( 30 Krad) at h = 1.1. Most of the commercial scintillators and fibers will survive these rates with minimum degradation. The irradiation doses at shower maximum in the end caps are substantially higher reaching a value of about 0.4 Mrad (4 kGy) at h = 2.0 and about 2.4 Mrad (24 kGy) at h = 2.8. There are no commertially available scintillators that would survive the radiation dose in the region of.2<h< 3 without the loss of 50% in light yield..





Figure 6.x shows the relative light yield of a 10 cm x 10 cm tile/fiber assembly as a function of radiation dose. The light yield versus radiation dose follows an exponential form [exp(-Dose/D0)]. This light loss is due to the reduction of the scintillator and WLS fiber attenuation lengths. The D0 values for the fibers are about 20 Mrad for a 40 cm fiber, while that of scintillators vary from about 3 to 10 Mrad for a 15 cm x 15 cm tile. In order to keep below the 10% damage limit, the combined (scintillator and fiber) D0 should be greater than 6.5 Mrad for.h <2. The only commercial scintillator that meets this value at this time is SCSN81.





Therefore to be able to partially correct for the radiation damage of HE scintaillator trays, the HE calorimeter will have.multiple readout.sections in the.h>2 region. Since most of the light yield is at shower maximum, where the damage is also maximum, a simple correction.(first order) as a function of tower h can correct the light yield loss. As the light yield reduction is dependent on the tower depth, a full correction is not possible. In order to limit this error, the damage at shower maximum is to be kept below 10%.
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Figure � SEQ Figure \* ARABIC �2�.Relative light yield of.tile/fiber assembly as a function of radiation dose. No radiation damage was noticed for doses below 0.1 Mrad. 


.In order to compensate the radiation damage of the scintillators.the calorimeter must be divided longitudinally in such a way that the light nonuniformity after 10 years of.operation.in each readout segment. will be less than 20 %. In this case the drop of light yield.can be corrected by adjusting the weights for corresponding readout segments. In..addition, the absolute light yield.for minimal ionising particle must be at least 1 photo electron to minimise contribution of photostatistics to.the HE calorimeter energy resolution..


Then, taking into account.the longitudinal dose distribution after 10 years of operation for the most loaded scintillator.presented in fig. dose, and the scintillator SCSN81 degradation vs dose shown in fig. 2 , we have the longitudinal distribution.of the scintillator light yield reduction after 10 years of operation,.presented in fig. light. The minimal.number of the longitudinal divisions follows from 20 % uniformity within each readout segment . Thus, the first read out is the first layer (after 8 cm plate), the second read out is the next 4 layers and the third read out is.the last 14 layers. Note that this approach is fruitful only in the case when nonuniformity of a tile in a tower is within acceptable. level otherwise it can not be compensated.by a proper weighting.


� INCLUDEPICTURE "pub:hcal_tdr:00incoming:chapter6:ch 6 figs from kryshkin:dose.ps" \* MERGEFORMAT ���


Fig. 6.  : Radiation dose in HE versus calorimeter depth for ten years of LHC operation (assuming 1034/cm2 sec).


� INCLUDEPICTURE "pub:hcal_tdr:00incoming:chapter6:ch 6 figs from kryshkin:light.ps" \* MERGEFORMAT ���


Fig. 6.  : Reduction of light yield for HE scintillator versus the layer for ten years of LHC operation.


The radiation doses for HO-B and HO-E are negligible and pose no problems.


6.2.3 Magnetic field 


It has been known for some time that magnetic fields increase the light yield of scintillators..� REF _Ref387560504 \* MERGEFORMAT �Fig. 6. 8� shows the light yield increase of various scintillators that are commercially available. The light yield increase.saturates at.about 2 Tesla..Therefore for the CMS detector, where the scintillators are within 2 to 4 tesla field, this corresponds to a simple overall correction term.
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Fig. 6. � SEQ Fig._6. \* ARABIC �8�:.Light yield increase of various scintillators in magnetic fields.


6.2.4 Quality control. 


This section addresses the quality control of scintillators produced by manufacturers. This section will form the basis of writing the scintillator specifications.


The scintillators are to be delivered in rectangular plates with saw cut edges. The two diagonals of the rectangle are required.be of equal length with a tolerance of 5 mm. The plates are to be covered on both sides with adhesive, protective paper cover sheets..The cover sheets must be easy to remove and must not damage the scintillator. Samples of scintillators will be machine cut and grooved at the speeds specified above..The cuts must look clean and show no obvious sign of melting. The machined grooves should also show no melting or friction welded chips..The plate thickness will be sampled at uniformly spaced points to verify that it meets the thickness tolerance..The light output will be measured on various samples of grooved standard tile (such as 15 cm x 15 cm) with a standard WLS fiber to show that it produces at least sufficient light to meet or exceed the baseline elements of SCSN81 and that the light yield variation from plate to plate is within the tolerances described above..The attenuation length will be measured of sufficient number of samples to ensure that it meets the specifications..Several samples from each batch of plates will be irradiated by either electrons or gamma rays to 0.5 Mrad (5 kGy)..The light yield loss.for this level of radiation should be less than 10%. For the lifetime requirement that the scintillator overall light yield does not degrade in 10 years by more than 25%, the manufacturer should supply data that the type of scintillator has been used in high energy experiments, under conditions similar to this experiment and that the scintillators have shown no degradation, and are chemically, mechanically and optically stable and the surface crazing with time, if any does not reduce the light yield by more than a few percent.


Each plate from the manufacturer will be identified by a unique code and a data base will be produced that will identify each megatile as to the plate code, date delivered, date and machine that cut and grooved it, plus any other information that will be necessary to keep a lifetime history of each scintillator tray.


6.3	Fiber Specifications for HB/HE/HO-B/HO-E 


The baseline is a double clad 0.94 mm fiber doped with 250 ppm of K27 green dye. Each tile within a specific.tower.will have a WLS fiber of the same length, diamond cut at each end..This length corresponds to the green WLS fiber length required by the largest tile in each.tower (i.e. layer 17). Note that tiles in.towers 17 and 16, and some in tower 15 will have no splices since they are close to the connector.at.the edge and will have to be treated in a special manner. One end of the WLS fiber will be mirrored by aluminum sputtering and dipped in a clear coating for protection. The other end will be fused to a clear fiber of the same type and diameter. The second end of the clear fibers for one row of tiles in a scintillator tray will be placed in an optical connector and diamond cut polished. Two fibers produced by industry could meet these specifications, namely BCF91A-MC by BICRON Corporation and Y11-250 by Kuraray. The non-S type fibers of Kuraray are the default design. The non S type fiber is the simplest to polish and splice. However, the S-type fiber does have better flexibility. We will be doing R&D on getting and testing a slightly more flexible form of the non.S-type fiber. Note that Kuraray can produce fibers with properties between S type and non-S type fiber. S-type denotes.a slow extrusion process and non-S type is a faster extrusion speed.


The current.design for CMS uses 0.94 mm wavelength shifting fibers. We have measured transmission of splices, light yield and attenuation lengths for 1 mm fibers . These tests indicate that 1 mm fibers have similar performance to 0.83 mm fibers, which were used in the CDF Plug calorimeter. However, the ball groove can be cut much faster with for 1mm and 0.94 mm fibers..The design calls for 0.94 mm throughout.the system from tile to connector to optical.cables to the decoder box and the HPD’s..This size was chosen because unlike the 1mm case, the 0.94 mm option does not require any.change.in the current.HPD design, as the.0.94 mm fiber can fit within the current.active area of the HPD’s.


The WLS fiber should have an attenuation length (as defined in section 6.3.1) of at least 1 m and the clear fiber and attenuation length of at least 6 m when measured with a green sensitive (enhanced) bialkalai photo cathode..� REF _Ref388154589 \* MERGEFORMAT �Fig. 6. 9�, � REF _Ref388155131 \* MERGEFORMAT �Fig. 6. 10� show the measurement of light attenuation in Kuraray and Bicron multiclad WLS fibers.


 The setup consisted of a 8 m long piece of scintillator (similar to BC404). The tested.fiber was. inserted into a long groove extending through entire length of the scintillator, pushed up against a light mixer and connected to a R580-17, green extended tube..The length of the fiber outside the scintillator was 7.5 cm. The scintillator was excited using a movable strontium source..rides in a plastic enclosure. The DC current from the phototube was measured with a picoammeter.
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Fig. 6. � SEQ Fig._6. \* ARABIC �9�:.Attenuation of light in 1.0 mm Kuraray multiclad WLS Y11. The fitted value of attenuation length in the range of.0.3 m < x < 1.0 m is equal to l=2.3 m. The light yield ratio, LY(1.0m)/LY(0.3m)=0.71. Note that CMS will use 0.94 mm diameter WLS fibers.
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�Figure � SEQ Figure \* ARABIC �3� Attenuation of light in 1.0 mm Bicron multiclad WLS Y11 fiber. The fitted value of


attenuation length in the range 0.3 m < x < 1.0 m is equal to l= 1.5 m. The light yield ratio, LY(1.0m)/LY(0.3m)=0.65..Note that CMS will use 0.94 mm diameter WLS fibers.








Figure 6.x shows attenuation of light in a clear multiclad fiber.
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Fig. 6. � SEQ Fig._6. \* ARABIC �10�: :.Attenuation of light in 0.83 mm Kuraray multiclad clear fiber used in CDF Plug Upgrade. The fitted value of.attenuation length in the range 0.3 m < x < 3.0 m is equatl to l = 6.8 m. The light yield ratio, LY(3.0m)/LY(0.5m)=0.70..Note that CMS will use 0.94 mm diameter clear fibers.


The radiation damage, at levels encountered in the CMS detector, results in an additional reduction of the fiber attenuation length. For the HB, this is not a problem for the WLS fibers made by Kuraray and BICRON as levels are small and WLS fiber.lengths are short. For the HE, the fibers in the high radiation area are short and the light loss is negligible.


6.3.1 Quality control


The light yield from WLS fibers coupled to scintillators have been measured to be roughly proportional to the diameter of the fiber. The specifications of the core diameter is 0.94 mm with the double clad adding 60 to 120 microns. The concentration of the K27(250 ppm).should be uniform enough for all batches to keep the variation in light yield and attenuation length to a minimum. The core diameter and K27 concentration variations should be small enough so that overall.light yield does not vary by more than 3%.


The testing of fibers for light yield will be based on samples from various production batches to assure that it meets the 3% tolerance. These fibers will be cut a standard length of 80 cm, diamond cut each end and inserted inside the groove of a standard 15 cm x 15 cm scintillator and excited by a same radioactive source.


To check attenuation length of WLS fibers, fibers will be cut to 1.5 m length and diamond cut polished. Each end of the fiber will be attached to a green extended photo tube and placed in an attenuation measuring box. The fiber will be excited by the scintillator chosen for the detector. The DC current.from the photomultiplier will be recorded as function of light excitation position. Most of the green light travels in the core of the fiber. A small portion of the light travels inside the clad (with a very short ~20 cm attenuation length), this causes the light yield as a function of distance to be a double exponential with a long and short components. The attenuation length, measured in the region. between 0.3 m to 10 m away fron photodetector. should be greater.than 1.0 m. 


The attenuation length of clear fiber will be measured by splicing a WLS.fiber to it and inserting it to a scintillator tile. By cutting pieces of clear fiber off (and resplicing it to the WLS fiber) we will be able to plot light yield at the other end of clear fiber as a function of clear fiber length and fit it to an exponential function. We will use the clear fiber length in the range 0.5 m to 4.0 m and require that attenuation length is greater than 6 m.


Both WLS and clear fiber samples will be irradiated and attenuation length measured. At 0.5 Mrad (5kGy) the reduction of light yield for a typical tile at shower maximum should be less than 3%.





