1.5.5.2	HF Simulation Studies





	The quartz optical fibers are embedded in a matrix of copper absorber and run along almost parallel to the incident particle direction.  Due to the optical properties of fibers the  maximum amount  of Cherenkov light is detected when the charged  particle hits the fiber at  an angle  \theta=\arccos(1/(n\beta)), where n is the index of refraction and \beta is the particle  speed.  For particles with \beta \approx  1, this angle equals \theta \approx  45^\circ or \theta \approx 135^\circ, light produced by particles entering fiber at other angles has very low probability to be detected [Litv95].  Therefore such calorimeter mainly detects electrons and positrons copiously produced in shower development because these particles in contrast to hadrons and nuclear fragments are distributed uniformly even at the beginning of  the shower independently of the initial particle direction.  Thus calorimeter based on Cherenkov effect in optical fibers detects hadronic showers predominantly through their electromagnetic component resulting in increase of the e/p ratio.  This is an intrinsic feature of the zero degree quartz fiber calorimeter. 





	Although one may try to improve the e/p ratio using the fact that showers produced by electrons  and hadrons are distinctly different in size.  Figure 1 shows longitudinal profiles of the showers produced by electrons and pions of different energies  (10 GeV <  E_{part} < 1000 GeV ) as seen by the calorimeter based on Cherenkov effect in quartz fibers with  copper absorber and 1.6% packing fraction (the ratio of the volumes quartz/copper).  If the calorimeter was divided into two segments along z at about 19\xo, then, according to this picture electrons would deposit major part of their energy in the first segment while hadrons in the second.  Such arrangement naturally divides calorimeter into EM and HAD sections.  Instead just summing up the depositions detected in each compartment one can assign different calibration constants \alpha and \beta to EM and HAD signals respectively in order to discriminate against EM signal equalizing net calorimeter response to electrons and hadrons, i.e. making the e/p ratio equal to 1. Unfortunately, since the fraction of energy carried by electromagnetic part of hadronic shower increases  with energy, leading to energy dependence of the calorimeter e/p ratio,  it  is impossible to choose constant, energy independent, weights to make e/p ratio equal to  1 for all incident particle energies. It is possible to choose a certain energy point and equalize electron and pion responses at this point.  Minimization of the jet energy resolution as a function of  \alpha and \beta allows to fix these coefficients at optimal point. For convenience, if not stated otherwise  by compensating calorimeter we imply the calorimeter having e/pi close to 1.  This is not a classical definition of compensation which is determined by energy independent e/h ratio.





	(Where is this figure?)





	Figure 1.  The longitudinal shower profiles in calorimeter based on Cherenkov effect in quartz optical fibers.





	Fibers run parallel to the beam line.  It constitutes certain problem to readout system of the EM section. If  fibers are connected to the PMTs from the rear of the EM section, then inevitably the gap between EM and HAD sections is needed for accomodation of bundles and PMTs.  This immediately leads to energy  leakage. An alternative solution has been found.  The fibers of the EM section are mirrored in the rear and readout from the front end.  Light can be transported to the PMTs, which should be mounted in a place safe from radiation exposure, that is at least  at a distance of 1.4 meters from the beam pipe, in a variety of ways, e.g. by means of fiber bundles or aircore light guides.  The disadvantage  of this solution is that the calorimeter performance depends on the quality of mirroring.  Both variants of light collection need some extra space between ME and HF, which would lead to increase of the calorimeter volume in order to cover  the same angle.  If bundles were chosen, then in addition to substantial increase  in cost, there is a  danger  to have  a pick up signals  from the particles, crossing  fibers  at Cherenkov angles. If air light guide  solution were accepted when one would face light losses and radiation damage issues. 





	We considered another design  concept for HF based on Cherenkov effect in  optical  fibers, which, being  segmented allows for the compensation and is safe from above mentioned shortcomings of the TP design.





	The calorimeter is assembled from 10 \lambda long, 2 mm thick, copper plates. Each plate has grooves  running along z axis. The spacing between grooves is 2 mm. Being assembled grooves form rectangular pattern.





1.5.5.2.1	Single Particles





	In this  section results of  GEANT simulation for single electrons and pions are presented.  Pions and electrons of energies 10, 20, 50, 100, 150, 200, 250, 300, 350, 500 and 1000 GeV, 1000 events/run, have been steered into the calorimeter perpendicular ($\pm3^\circ$) to its front face. 





	The calorimeter signal is summed over  LONG and SHORT fibers. The e/pi ratio for different lengths L varied  from 2 to 40X0  with X0 step, is presented in Fig.2.  It can be  seen that as  the distance L grows the e/pi  ratio diminishes to 1 at 10X0<L<12X0 where  compensation  is reached.  This point   corresponds to maximum of  the  electromagnetic shower,   17.6-21  cm, see  Fig.1. In  the   region 12X0<L<26X0, where electromagnetic signal drops faster  then hadronic, the calorimeter is overcompensating starting  from 100 GeV,  i.e. e/pi<1.   In the region L>26X0 where  decrease of the packing  fraction  does no longer affect electron signal the e/pi gradually grows for high energy points due to decrease of hadronic signal. 
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	Figure 2:  The e/pi ratio as a function of incident particle energy for different depths, L, in units of radiation lengths.
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	Figure 3.  a) stochastic  term and b) constant term for electrons versus depth, L.
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	Figure 4.  a) stochastic  term and b) constant term for pions versus depth, L.





	For each L cut the resolutions obtained for electrons and pions were fit with the function RMS / <  E >  =  sqrt( A ** 2 / E + B ** 2).  The results of the  fits to the electron  and pion data are presented in  Figs.3  and  4 respectively. In    both cases the stochastic  term increases   with  L  reflecting  decrease  of   packing  fraction.  For electrons the stochastic term at L=2X0 is  112% and at L=40X0 is 153%, 153/112  \approx \sqrt(2).  This should follow  from the fact that the electron resolution is dominated by the photostatistics 





	Thus it is possible to reach compensation by pulling  one fiber at the distance L=10-12 X0 from  the front face of the calorimeter. Single particle resolution for electrons and  hadrons at this point is worse compared to the case of two long fibers.





	In the next  section it is shown that the advantage  of having compensating calorimeter overweighs deterioration of single particle resolution when the calorimeter performance to jets is concerned. 





1.5.5.2.2.	Response to Jets





	Tagging jets accompanying  WW fusion have  been generated using PYTHIA~5.7 \cite{pythia} in the pseudorapidity range $3<\eta<5$.  Jets have been found using LUCELL jet finding algorithm within a cone sqrt( \Delta\eta **  2+\Delta\phi ** 2)  <0.5 around the jet initiator. Jets were steered into the calorimeter.  In this study we concentrated only on  the effects of the  shower to shower longitudinal fluctuations and their effect on the calorimeter  characteristics. Therefore effects of the magnetic field or incomplete shower  containment were neglected in order to simplify the procedure. 





	The calorimeter response to jet was calculated using signals from SHORT and LONG fibers in two different ways:





1) E_J=N_{SH}+N_L, that is LONG and SHORT fibers are readout by the same PMT;





2) E_J=\alpha\cdot N_{SH} + \beta\cdot N_{L}, where weights \alpha  and \beta minimize the RMS of E_J under condition that < E_J > = E^{gen}_J, this could be achieved using separate readout of SHORT and LONG fibers 
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	Figure 5. a) Jet resolution calculated if signals from long and short fibers are summed up (solid line) and if the signals from long and short fibers are weighted as described in the text (dashed line) as a function of depth; and b) r=\alpha/\beta is the ratio of weights assigned to short and long fibers as a function of depth. r=1 at minimum.





	Energy resolution for 1 TeV jets in the minimum point is 6.7 % whereas in the case when both fibers have the same  length and run from end to end of the calorimeter it is about 9.3 %. As followed from the single particle studies  this is the  point where the calorimeter becomes compensating. Thus optimal arrangement of sensitive media, though with lesser  mean packing fraction allows to  achieve   more than 30 % improvement in the jet energy resolution.





	Weighted resolution cannot be made  less than minimum reached by the sum,  but  can be kept at  this  level in  the  wider range of lengths L. Figure 5.b shows the ratio of weights assigned to the SHORT and LONG fibers.  At the point where jet resolution for the sum of LONG and SHORT fibers reached minimum this ratio should be equal to 1. 
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	Figure 6.  Jet energy resolution for different jet energies.  The response is the sum of the signals from short and long fibers. 





	Figure 6 shows energy resolution vs L cut for different jet energies. Calorimeter response was calculated as N_{SH}+N_L.  The position of minimum resolution is shifted  to lower L for low energy jets. In  Figure7, where the ratio alpha/beta  is plotted this effect is even more emphasized.  Although there is a point, L \approx 13X0 where all curves  intercept  and  then go very close to each other.  This implies that starting from L=13X0 the weights obtained at some particular energy  can be applied  in the wide energy  range.  Next picture shows weighted jet energy resolution as a function of distance L using weights obtained for 1 TeV jets. 
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	Figure 7:  r=\alpha/\beta - ratio of the weights assigned to signals from short and long fibers as a function of short fiber depth. 





	Figures 9 and 10 show the result of the fits to the jet energy resolution for summed and weighted cases.  The e/pi ratio of the calorimeter is crucial to jet energy resolution.  It is possible to compensate calorimeter based on Cherenkov effect in optical fibers by arranging  fibers in such a way that packing fraction in the part of the calorimeter where the maximum of electromagnetic shower is deposited is less than in the rest of the calorimeter volume.





	Since the point of minimum  jet energy resolution is at the same time the point where the calorimeter becomes almost compensating the short fiber length can be  determined in the  beam  tests. Having found  the optimal configuration it is possible to use single readout from long and   short fibers, halving the number of electronic channels.  This looks very attractive since it would decrease substantially  the overall calorimeter cost.  Although since the  position of the jet energy resolution minimum as a function of depth L is sensitive to jet energy and also is  affected by fiber  radiation damage, which occures at the maximum of  EM shower  we suggest  separate readout scheme  for long and short  fibers. Choosing L=15-20X0 it is possible  to avoid these problems using weighted sum of long and short fibers. Radiation damage in long fibers will lead only to re-adjustment of weights. 
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	Figure 8  Jet energy resolution for different jet energies is shown above.  The response is the weighted sum of the sIignals from short and long fibers.
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	Figure 9.  Jet resolution function - stochastic term versus short fiber depth.
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	Figure 10. Jet resolution function - constant term versus short fiber depth. 
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