1.5.4	.2	HF Hadronic Prototype Results





	Some of the beam tests results from the hadronic prototype module are shown in figures 1-8. The light yield of this type of calorimeter is extremely small.  We measured it to be less than 1 photoelectron per GeV.  Fluctuations in the number of photoelectrons constituting the signals are completely determining the electromagnetic energy resolution.  In figure 1, this resolution is shown as a function of energy, for electrons from 8 GeV to 250 GeV.  The data scale perfectly with 1/sqrt(E).  When the calorimeter was read out by our standard PMT's (Philips XP2020), the resolution was found to be: sigma/E = 1.37/sqrt{E}, commensurate with a light yield of 0.53 photoelectrons per GeV.  When the same type of PMT was equipped with a quartz window, the signal increased by about 65%, to 0.87 pe/GeV, due to the larger fraction of the Cherenkov light that was detected.  The energy resolution improved to 1.07/sqrt{E}, reflecting smaller fluctuations in the larger number of photoelectrons.
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	Figure 1.  The energy resolution for electrons as a function of electron energy, for readout with a XP2020 PMT (glass window) and with a XP2020Q (quartz window).





	Although the light yield is extremely small, it is not a limiting factor for the resolution of the objects for which this calorimeter is intended: jets and energy flow at the 1 TeV level. With regular glass PMT's (the UV component of the signal is vulnerable to radiation and can therefore not be used), the light yield observed for EM showers translates into signals of about 500 photoelectrons at 1 TeV.  Statistical fluctuations in that number amount to 4.5%, which is only a small contribution to the expected resolution (10-12%).





	The energy resolution for hadrons is given in figure 2.  Because of the asymmetric response function, the rms standard deviations are given, as opposed to the electron data which represent the results of Gaussian fits.  The full circles show the energy resolution for pions, as a function of energy.  The contribution from photoelectron statistics to these resolutions is represented by the triangles, and the intrinsic resolution (the squares) denotes the experimental resolution obtained after subtracting the contribution of photoelectron statistics in quadrature.
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	Figure 2.  The hadronic energy resolution (srms) as a function of energy plotted logarithmically.  The circles represent the raw data, the triangles the contribution of fluctuations in the number of photoelectrons, and the squares are the contributions from other sources.





	These results show that the contribution of photoelectron statistics, although substantial in the low energy  regime, rapidly diminishes at high energy and that a large increase in the number of fibers would only have a miniscule effect on the energy resolution in the TeV regime. The results also show that the intrinsic resolution scales with the logarithm of the energy [Gane95].





	The hadronic signals from this type of calorimeter are strongly dominated by the electromagnetic shower core.  Apart from the asymmetric line shape already mentioned, this has several other consequences.  First, the energy dependence of the average energy fraction carried by the EM shower component makes the hadronic response intrinsically non-linear (fig. 3).  Second, the shower profiles derived from the Cherenkov signals are much narrower and also shallower than the profiles from detectors based on a measurements of dE/dx.  This reflects the fact that the EM shower component is concentrated in a narrow core around the shower axis and that pi-zero production is limited to the first 4-5 interaction lengths beyond the point where the first nuclear interaction takes place. The shower profiles are shown in figs. 4 (lateral) and 5 (longitudinal).
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	Figure 3.  The calorimeter response to negatively charged pions as a function of energy.  The straight line through the data points is drawn to guide the eye.
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	Figure 4.  The lateral containment of 80 GeV pion showers in the hadronic prototype.  The shown are the total signals measured in calorimeter towers 7, 8 and 9, as a function of the distance between the outer edge of this row and the beamline.
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	Figure 5.  The average longitudinal profiles of the Cherenkov component of 50 and 150 GeV pion showers in iron.
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	Figure 6.  e/pi ratio of the hadronic prototype is shown above in the energy range measured.





	A matrix of 3x3 towers was taken as usual to analyze Figure 6 above.  The amplitude of signal for pions was measured in the electromagnetic scale and beam energy value was used instead the amplitude of signal for electrons since the available electron energies were less then 250 GeV.  We needed to extrapolate the amplitude vs energy dependence for higher energies.  Because the prototype had good linearity we can use a linear function for the such extrapolation.








	As all fiber calorimeters, this detector is intrinsically very hermetic. There are no discontinuities in the calorimeter response at the boundaries between the towers. This is illustrated in fig. 7, which shows the results from a scan with a narrow particle beam (80 GeV electrons) across the surface of the calorimeter.  The response is uniform to within a few percent over the entire calorimeter surface.  This figure also gives a good impression of the narrow lateral profiles of the showers in this calorimeter.  The rapid change-over between the signals from neighboring towers near the cell boundaries is illustrative 
