6.4		Quartz Fiber Specifications and Requirements





	There are two different types of quartz fibers in the EM and HAD sections of HF.  In the region \eta>4, radiation-hard fused silica core and flourine-doped silica cladding fibers are used.  In the lower pseudorapidity region, \eta < 4,  where the radiation levels are less severe, fused silica core but a plastic cladding  fibers are planned to be utilized.


 


	Fiber lengths will nominally vary from 2.5 to 3.5 meters depending on the location of the towers with respect to photodetectors.  The optical transmission of <1 dB/m is required to minimize loss of light  and both end of the fibers will be polished.  The OH- level in the fiber core material is typically 1000 ppm.  To avoid breakage during construction, we require short term mechanical stability at minimum bend radius of 1.5 cm or less.   The tensile strength is above 12 kg for these fibers with diameters of 345 microns.  The required fiber core noncircularity is less than 5% and the desired core concentricity error is 3%.





	Table 6.4 summarizes the necessary dimensional characteristics for fused silica core fibers.  Type I is identified as quartz-quartz (QQ) fibers in order to indicate the core and cladding materials.  The core is fused silica and the cladding material is flourine-doped silica.  The buffer provides radiation hard coating and structural stability, e.g. polyimide.  Type II fiber has the identical core but the cladding is made out of a radiation hard synthetic material (polymer) and less costly and is identified as QP to indicate the core (quartz) and the cladding (polymer) materials.  The numerical apertures of the fibers that are used in the 1995 and 1996 prototypes are 0.22+/-0.02 for QQ and 0.35+/-0.02 for QP for visible light.








Table 6.4.  The parameters for Type I and Type II fused silica-core fibers.





Fiber Type�
Core dia 


(mm)�
Clad thickness


(mm)�
Buffer thickness


(mm)�
Quantity


(km)�
�
Type I (QQ)�
0.300�
0.015�
0.030�
1,000�
�
Type II (QP)�
0.300�
0.020�
0.030�
10,000�
�






	The extreme radiation levels where HF will have to operate put stringent requirements on the acceptable levels of degradation in fibers.  The expected total dose in EM shower maximum at eta=5 approximately reaches a gigarad in ten years.  From front to the back of the calorimeter the dose drops by two orders of magnitude (see HF Radiation Background Section).





	The single most important reason for choosing quartz as active medium is its inherent radiation resistance.  High-purity quartz (suprasil) has been reported to withstand radiation levels up to 30 Gigarads with the transparency of small samples in the wavelength range 300-425 nm changing by less than 2% [Gor93].  The radiation hardness of quartz fibers depends on its core material in addition on the properties of the low refractive index cladding material.  With flourine-doped silica cladding, the amount of light changed by less than 10% up to levels of 20 Gigarads [Che93, ref].  Radiation damage studies with intense gamma sources resulted in about 50% transmission loss in the visible after 1 Gigarad of total dose for 1 meter length fibers  [Gav94].  The performace degredation of HF due to the expected radation damage is addressed in detail in section 1.5.5.2.2.  The radiation hardness of QQ and QP fibers are being carried out with protons, electrons, gammas and neutrons by the members of HF group at different facilities.  Figure 1 shows the radiation damage of QQ fibers under gamma radiation.








�





Figure 1.  Quartz core and flourine doped quartz clad with polyimide buffer fiber radiation damage characteristics as a function of total dose and wavelength is shown above.  
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6.4.1		Quality control and assurance





	There are a number of quartz fiber vendors that can manufature what is needed for HF.  Several standard measurements and tests are performed by some manufacturers.





1.  Dimensional tests (clad and core), in-line (laser micrometer).  100 % of fiber is tested.  In the drawing stage, the fiber diameter is continuously monitored.


2.  Dimensional tests (core, clad and buffer), off-line, spool ends are viewed under a microscope to varify dimension.  This test is carried out in sampling mode.


3.  Proof test, in-line, 100 kpsi (100% of fiber),


4.  Proof test off-line, 100 kpsi (100% of fiber),


5.  Optical attenuation (100% of fiber).





A set of non-standard tests are also required to be performed by the  manufacturer in sampling moe;





1.  Tensile test/Weibul Plot.  60 m of fiber for test is needed.


2.  Thermal cycling in the ranges of -50 C to 80 C.


3.  Attenuation length vs bending radius


4.  Attenuation length vs temperature.


5.  Numerical aperture (NA
