Subsequent simulation indicated that this effect was due to change of path length of low momentum electrons (between 1 and 10MeV/c) through scintillator layer in strong field. Fig.1.31 shows a Monte Carlo study of dependence of this effect on distance between upstream absorbers and scintillator packages. The 10GeV electron showers were simulated in a copper-scintillator calorimeter with GEANT for 0 Tesla and 3 Tesla parallel field to scintillator planes (HB configuration). Scintillator packages, made of 1mm plastic front cover plate, 4mm scintillator and 2mm plastic back cover plate, were placed between 30mm copper absorbers and distance between upstream absorbers and the scintillator packages were changed from 0.1mm to 10.0mm, while distance to downstream absorbers were kept constant 1mm. No change is seen for 0 Tesla case, but linear decrease is seen for 3 Tesla case. Radius of electron trajectory in 3 Tesla field is 1mm per 1MeV/c. Therefore as the scintillator moves away from upstream absorber, low momentum electrons (a few MeV/c) do not reach the scintillator in the field parallel to the scintillator plane.

Since a few MeV/c charged hadrons can not exit absorbers because of their large energy loss, only electromagnetic component in hadronic shower contributes to this effect. For example, in the H2(1996) test beam configuration, GEANT predicts that 50GeV pions deposit 60% of total energy through electrons and positrons, and 40% through charged hadrons. Response to the electromagnetic component is increased by 20% in 3 Tesla, relative to 0 Tesla, while hadronic component shows no increase.

This effect introduces a requirement for placement of scintillator package in gap between absorbers in HB. Dependence of HB response on position of the scintillator package in absorber gap (9mm) is shown in the table below. 

                                                      A(4T)/A(0T)

        location      distance          pions           electrons

        in gap           (mm)            50GeV        10GeV

        front              0.1               1.077           1.202

        center            1.0               1.042           1.129

        back              1.9               1.005           1.058

Scintillator package consists of 2mm front plastic plate, 4mm scintillator and 1mm back cover plate. ‘distance’ in the table is the distance between upstream absorber and front face of the scintillator package. The slope of the dependence for 50GeV pions is roughly dA/dx=-0.04/mm. Gap size dependence was estimated to be dA/dx=-0.02/mm with the scintillator package always at the backside.

Since calibration data will be taken in calibration beam line without magnetic field, it will be very desirable to have minimal extrapolation from the calibration beam data in 0 Tesla to the  CMS HB data in 4 Tesla. In additon, gravity may push down the scintillator packages toward front in absorber gaps at top of HB (~90() and increase the HB response, while at bottom of HB (~270 () toward back and decrease the response. With thicker plastic plate (2mm thick) in front for larger distance between scintillator and front size absorber, and forcing the package toward back, the B field effect in HB will be almost tuned out as shown in the table.

