1.5.5 HB/HE Simulation

(This section is incomplete. Still simulation is in progress as of 5 May, 1997.)

As described in previous sections, test beam data have been extensively used to study a response of the combined ECAL and HCAL system to single particles with various HCAL configurations in order to optimize the configuration. In addition to the use of the test beam data, GEANT simulations with detailed descriptions of the CMS detector geometry have been performed to extend the study to the CMS environment for further design optimization. 

For good jet and missing Et measurements calorimeter has to be hermetic. Any hole due to cracks and dead material, or lack of stopping power for showers greatly spoil the measurements. We have made special attempt to reduce the energy leakage and  keep even response in the hadron calorimetry over wide range of rapidity. In the following we will describe our GEANT simulation and results from the simulation on shower leakage and the calorimeter response to single hadrons and jets in rapidity range ||<3.

1.5.5.1 Simulation Program

The hadron calorimetry simulation was performed within a framework of the CMS general simulation program CMSIM. In addition to detector simulation with GEANT, CMSIM has interfaces to physics event generators and event reconstruction programs including a clustering code for jet finding. 

Geometry used for studies reported here are shown in fig.[besim-f1].  TDR-0 corresponds to the baseline design and TDR-2 corresponds to the baseline plus two additional layers in HB. ECAL consisted of 23cm long crystals followed by a 2cm aluminum plate, a 4cm aluminum layer and a 2cm steel plates which represented crystal support structure , cooling, electronics, cables and a back plane in the ECAL mechanical structure. HCAL consists of  layers of  a 5.0cm (7.9cm) copper absorber followed by a gap with a scintillator package. First and last absorbers are made of thicker steel plates. Outside the solenoid two layers of HO were implemented in the muon system. Gaps between HB and HE were 12cm wide and filled with ‘cable material’ (desity 1.88g/cm**3) for cables and pipes for inner detector. In the endcap a preshower detector, made of 1.68cm lead with sampling layers, was placed in front of ECAL. GHEISHA was used for hadron shower generation  and energy cut values in GEANT were 1MeV for electrons and photons, and 10MeV for hadrons.

For studying jet response we created shower libraries. A shower library stored calorimeter response to single particles  in 18-rapidity x 6-energy bins for each HCAL configuration. 3000 events were generated in each bin.

1.5.2.2 Single particle response

Resolution in measurement of single pion energy (E=4-300GeV) is shown in fig.[besim-f2] for TDR-0. Stochastic terms and constant terms were obtained by gaussian fit to 20-300GeV data. The resolutions vary very little (<5% at 4GeV and <2% at 300GeV) in wide range of rapidity ( < 2.8)  and start degrading rapidly because of shower leakage through the inner edge of HE. Note that the forward calorimeter (HF) was not included in this study. Response around the HE-HF boundary has been studied separately and reported in x.x.x.x. Around the boundary between HB and HE  at ~1.4 the resolution becomes worse by 1-2% due to energy loss in ‘cable’ material in the crack region, and energy leak through the relatively thin part of the calorimeter because of the crack. 

Resolution for TDR-2 is shown in fig.[besim-f3]. The resolution for TDR-2 is nearly identical to TDR-0. TDR-2 has two additional layers in HB compare to TDR-0. Since the same ECAL was placed at the same location as TDR-0, distance between the crystals and the HB front face is 11.8cm shorter in TDR-2 than TDR-0. Shower particles from ECAL may spread in the space between ECAL and HCAL with 4Tesla field, but no significant effect is seen in comparison of two resolutions for TDR-0 and TDR-2.

Measured energy distributions for TDR-0 and TDR-2 are compared in fig.[besim-f4] ([besim-f5]) for 100 (300) GeV. Low energy tails are little in all cases and an improvement with two additional layers (TDR-2) is seen in the central region (=0-0.3) and the crack region (=1.3-1.4).

1.5.2.3 Jet response

Resolutions in jet Et measurement (Et=30-300GeV) with a fixed cone size of  d*d = 0.74 **2 are shown in fig.[besim-f6] and fig.[besim-f7] for TDR-0 and TDR-2, respectively. As expected from single particle resolutions, resolutions for TDR-0 and TDR-2 are also nearly identical. Stochastic terms are improved with rapidity because of  energy increase with rapidity for a given Et. Degradation at the HB-HE boundary is kept to less than 1%. Note that degradation at the edge of HE (>2.8) is less than 3%, even HF was not included in this simulation.

Reconstructed jet Et distributions are shown in fig.[besim-f8] at =0.1for TDR-0 and TDR-2. No significant difference is seen between TDR-0 and TDR-2, except for reduction of low energy tail in TDR-2 at the highest Et. Fig.[besim-f9] shows reconstructed Et distributions for Et=300GeV at four different rapidities. TDR2 shows less low energy tail at the central  region (=0.1) and the crack region (=1.3-1.4).

1.5.2.4 HB-HE boundary

Geometry at the HB-HE boundary has been extensively studied prior to the TDR designs[ref:D.Denegri, V.Genchev, CMS Note/1996-20]. The study demonstrated that any projective cracks and dead material damage the energy measurements. Also some designs were very sensitive to the width of the cracks. The study concluded that in addition to HCAL, the ECAL should be hermetic with overlapping lips if possible, and the TDR design was the best solution because the resolutions showed the least variation with rapidity and the slowest build-up of the low energy tail with increasing crack size among considered designs.

Shown in fig.x[besim-f10]are distributions of reconstructed energies for 100GeV pions with a baseline 12cm crack and, wider 15cm and 18cm cracks. Comparing to TDR-0, TDR-2 shows narrower distributions below the peak for all three crack sizes and  much slower build-up of low energy tail below 60GeV, roughly 3 sigma below the peak.

 1.5.2.5 ECAL-HCAL boundary

Shower particles from interactions in crystal may spread in the space between ECAL and HCAL with 4 Tesla field. In TDR-0 the distance between the end of crystal and front face of HCAL is 27cm (56cm, 29cm) at =0.0 (1.2, 2.2) along particle direction. We have investigated the effect in various observables.

In previous sections, we showed the resolutions for single particles and jets. Although the space increased with rapidity in the HB region, no significant degradation in the resolutions was observed with rapidity. Also in the reconstructed particle and jet energy distributions,  no significant development of low energy tail was seen with rapidity in the HB region.

More studies on the effect are in progress.

1.5.5.6 HO simulation

HB inside the solenoid is too thin to fully absorb energy of energetic particles. HO provides extra thickness (fig.[besim-f11]) to contain energetic showers and reduces low energy tails in energy measurement. Fig.[besim-f12] shows the reconstructed energy distributions for pions (Et 200GeV) in a muon ring (eta=0.33-0.86) next to the central ring without HO and with  HO1 and HO1+HO2, where HO1 is a HO layer  before the first iron yoke and HO2 is a layer behind the iron yoke. Suppression of low energy tail is seen with addition of the HO layers.

