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5.8.1 Hardware Tools of Calibration and Monitoring of HF


The calibration of individual towers directly affects the overall jet energy scale of HF and the effective energy resolution at high energies due to the internal tower-to-tower calibration uncertainties.  Here we remind that the HF tower comprises three parts, an electromagnetic-hadronic part with long quartz fibers, a hadronic part with short fibers and an HF tail catcher. The specifications for the HF resolution imply the calibration uncertainty on the tower-to-tower response of  (3%  and on the overall energy scale of  (3%  (these numbers need to be discussed further) .


The hardware system for the calibration and monitoring should cover the following contributions to the calibration with corresponding uncertainties : 


light response of the quartz fibers as a calorimeter active medium in a hot radiation environment and the efficiency of a light collection system in the HF calorimeter elements 


the light signal amplification (further gain) with the photomultiplier tubes (further PMT) 


the performance of a whole chain of front-end and read-out electronics 


As the HF calorimeter systems will work in severe radiation environment one should take special care to the reliability of the hardware monitoring system and provide the important redundancy and flexibility of its components. The control and monitoring of the listed above ingredients will be realized by the following hardware subsystems and physical and technological procedures : 


quality control of the technology at the mass production stage 


beam tests 


calibration ’in-situ’ using good physical signatures 


light emitting diode (further LED) monitoring system 


laser gain monitoring system 


charge injectors - system of electronic pulsers for the monitoring of noise, gain, non-linear terms and for timing adjustments in the whole chain of front-end and read-out electronics 


5.8.2 Quality Control at Fabrication Steps


The control at various technological stages during the mass production is the necessary measure to fulfill the optical and mechanical specifications of the Project. Here we foresee 


the effective procedure for the identification of possible assembly faults in the calorimeter towers 


the incoming control of both optical and mechanical properties of quartz fibers - the homogeneity of the active media in individual towers have to be kept at the level of  (1%  


the control of mechanical tolerances of the copper-quartz fiber matrix - here we keep the copper-to-quartz volume ratio at the level specified 


5.8.3 Beam Tests


The test beam runs serve as a final step of the mass production and the first estimate of the light yield for every individual tower. Ideally we plan to expose every tower in the pion and electron test beams at CERN test beam facility. The following points should be addressed 


uniformity of the tower responses 


response to electrons and corresponding light yield,  Nph.e./GeV  per tower 


intercalibration from tower-to-tower which is directly connected with the previous point 


response to hadrons 


a first approximation to the calorimeter absolute energy scale 


The beam test data suffer from large uncertainties once we try to transfer the absolute scale to the ’in-situ’ position of the detector. Unfortunately with Very Forward Calorimeter HF at test beam runs we do not have the natural physical energy signature (e.g. as cosmic MIPs in case of scintillating SPACAL or the signal from the natural uranium radioactivity in case of scintillating calorimeter in ZEUS) to be used as normalization of beam data. The LED signals could serve as normalization factors provided that great care is taken to keep at test beam runs the LED pulser and readout electronics configuration completely identical or scalable with known factors to the nominal one to be used ’in-situ’. With the beam data we expect to reach an uncertainty of not worse than  5%.


We are investigating the use of moving Cobalt 60 gamma sources to link testbeam calibrations to the installed calorimeter in the collision hall. 


5.8.4 Physical Calibrations


The next iteration of a calibration after the beam tests are the analysis of the LHC data samples taken ’in-situ’ using the peculiar physical signatures. Such methodes afford us to calibrate the light yield of every tower and to equalize the relative responses of towers keeping track on the long term changes in the optical system of light production and collection. Such changes are expected from 


radiation damage - the most dramatical factor ,


aging of quartz fibers ,


deterioration of various optical contacts ,


other similar effects .


The nice possibility for a calibration of long term changes is provided by the recent study of the energy spectra of the minimum bias events. The requirement of the similar slopes for the energy deposited in individual towers constrains the relative tower-to-tower calibration factors. The final calibration of the overall scale will exploit several physical processes and will rely on the redundancy of the CMS detector. Among the possible candidates are two-jet events with one jet to be detected in other CMS calorimeters and the second one in our Very Forward HF with balanced transverse missing energy, and the QCD Compton process with the photon to be measured with ECAL and the balancing hadron jet flowing to the HF section. 


5.8.5 Laser Gain Monitor


The HF calorimeter inherits and exploits the precise laser calibration system of CMS HCAL. The laser system enables us to simulate the realistic light pulses practically identical in time duration, spectrum band and amplitude range to Cherenkov light coming from particles in physical events. It serves for 


the sophisticated linearity test of the whole tower to PMT up to front-end and read-out low/high gain electronics chain in vast dynamical range 


apart from the LHC events, the laser is a source of fast signals which can simulate the calorimeter response to particles and can be efficiently used for a number of timing adjustments on the channel to channel basis; as the laser pulses are injected directly to bundles the timing constants due to differences in the electronic pipelines and in PMT transit times can be followed 


the short term monitoring and the measurement of the PMT gains 


The principal scheme of the proposed Laser Calibration System has been successfully tested with a prototype of the Hadron Quartz Calorimeter at CMS Test Beam facility H4 during the ’96 Summer test runs. The analysis of the data collected has proved the feasibility to reach a good light injection uniformity of better than 5% for UV band. Keeping in mind the advantages of the laser pulser listed above one should mention quite few but meaningful drawbacks, namely the variations of the laser intensity from pulse to pulse and the need to monitor them, the complex light transport system from the original source and as a consequence the dependence of the calibration procedure for the particular HF subdetector from the other one, HCAL. The set up of the laser system is schematically drawn in Figure 1.


5.8.6 LED System


Keeping the philosophy of the monitoring redundancy for the HF calorimeter working in extremely hard radiation conditions we propose to install the LED monitoring system. This system is 


technically simpler than the laser one ,


relatively cheap ,


with the good amplitude pulse-to-pulse stability ,


easy to trigger ,


easy to monitor using stable photodiodes .


We plan to use the fast and bright blue.  The LED part of the monitoring syste is also indicated in Figure 1.  The system will be used for 


a number of tests during the assembly and installation period as the stand-alone tool 


a determination of PMT gains using the method of photo-electron-statistics and the initial HV setting to equalize the gains; here we plan to reach the uncertainty of less than 3 %  


the monitoring ’in-situ’ of short term gain drifts for every tower; with LEDs the accuracy of better than 0.5 %  can be reached (see for example ) 


The PMT gains can be checked and the HV adjusted during the short breaks of the collider runs in regular data taking periods. In addition the timing properties and the behavior of the whole readout chain from PMT up to the front-end electronics can be tested at realistic high rates of  1MHz . However we should mention here that LED is getting non-linear at high light intensities and this device can not be used for tests of the dynamical range and linearity. The LED monitor fires the PMTs during the regular data taking runs and could be timed with empty bunches. This affords us to monitor the short term gain variations and to correct the data almost online. The processing of such LED triggered events will be done at latest high level triggers. 


5.8.7 Laser Monitoring of the Quartz Fibers


This system has been proposed as a tool for the monitoring of the long term radiation damage of active calorimeter media. It exploits the same laser light pulser as Laser Calibration System but the light is injected to a reference quartz fiber embedded in every calorimeter tower. With the possibility to tune the laser source wavelength we are able to measure the light losses in fibers due to the long term radiation damage. The system is sketched at Figure 1.





5.8.8 Moving Radioactive Sources





We will investigate the use if Co-60 gamma sources in two systems:





1. moving a collimated source across the front face of the calorimeter (x-y or r-phi remotely controlled motn), and/or





2.  wire sources moving in longitudinal channels within the calorimeter.





The former system culd provide tower-to-tower relative normalization and carry testbean calibrations to the collision hall.  The latter system could provide direct scans of the longitudinal distribution of radiation damage to the quartz fibers.  The necessary source strengths need to be determined.  Very intense Co-60 sources carried inside the standard 0.7 mm diameter “wires” can be obtained, relatively inexpensively, from the North American Scientific Companyof North Hollywood, CA.





�


Figure 1:  The schematic of HF laser and LED monitoring system is shown above.�


5.8.9 Charge injectors


The Q-injection system will be used for the noise, gain and non-linearity studies of the QIE5 structures to be used as charge sensitive ADCs for the calorimeter signal digitization and readout. We expect also that the system will provide us with the possibilities to trace the time properties of the front-end electronics.








Figure 1.  The schematic of the HF laser and LED monitoring system is shown above.


