14.7 Radiation monitors


	Very forward calorimeter is supposed to work in the worst radiation conditions of all CMS subdetectors. The estimated absorbed dose in the photomultipliers and read�out electronics during the lifetime of experiment is close to the upper limits for these devices. Therefore, the close monitoring of the background flux is extremely important for normal operation of the detector components.





Based upon the results of Monte Carlo simulation, one can propose the following monitoring points:
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The quoted neutrons energy <15 MeV includes also thermal neutrons.





	The point 1 is located in the area of fibre bundles (near the point where they enter the shielding), point 2 is near the PMT boxes, and point 3 is in vicinity of the electronics racks. This allows monitoring the radiation conditions for the corresponding HF elements. The same coordinates (R or Z) will help to understand the efficiency of the radiation shielding of the calorimeter and give an extra information on neutron, hadron, and ( attenuation. The measurements must be performed for the both very forward calorimeters (on both sides of CMS installation). One can consider to double the number of points of measurements in order to estimate radiation background asymmetry.





	All necessary goals may be achieved using standard detectors manufactured by industry. The ( flux can be measured by small (0.8�1cm diameter, 5.5 �6.3 cm length) Geiger�Mueller counters. The possible choice is counters of  SI series (SI�38G, SI�34G, SI�37G), which can register g�quants in the energy range 0.1�10 MeV with a rate up to 2 107 particles/cm2/sec.





	The Si semiconductor detectors can be used to register charged hadron background. They work with hadron intensity up to 106. particles/cm2/sec





	Since the neutrons (especially of the low energy) is the most hurting component of the background for PMTs and read�out electronics, the special attention must be paid to neutron flux measurements with possibility to estimate spectrum of neutrons. 





	The space inside radiation shielding is very limited, therefore, detectors of the KNT series can be used for point 1. They are small (0.7 cm diameter and 7.1 cm length) fission chambers with 1�3 mg of fissing material. These detectors can work at the neutron rates up to 2 1010 neutrons/cm2/sec (KNT�8) with the lower threshold of neutron energy of 400 KeV (KNT�7). In order to reduce the total cost for monitoring system, B10 proportional chambers can be installed in addition to the fission detectors for the points outside radiation shielding. The SNM�13 counters have a diameter of 0.8 cm at the length of 8.5 cm. These detectors can work in the neutron flux up to 5 106 neutrons/cm2/sec which exceeds the estimated neutron level in monitoring points 2 and 3 by at least two orders of magnitude. The bare counter is supposed to register thermal neutrons, but being supplied with polyethylene moderators of 5", 8", and 10" diameter, it will be able to detect neutrons up to energy 7, 20, and 30 MeV correspondingly. Polyethylene moderators will allow to evaluate the neutron spectrum. All quoted detectors are able to work in high ( fluxes which ensures the reliability of the received information. The reliability of the read�out electronics from the point of view of the radiation damage will not be worse than one of the detectors themselves.





	Thus, the proposed monitoring system will allow to receive sufficient information to ensure the normal operation of all components of very forward calorimeter during the lifetime of the experiment.
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