CMS CALORIMETER TRIGGER CIRCUITSW. H. Smith, S. Dasu, M. Jaworski, J. Lackey, D. Panescu,W. TempleUniversity of Wisconsin1. INTRODUCTIONThe CMS level 1 trigger decision is based in part uponlocal information from the level 1 calorimeter trigger about thepresence of objects such as photons, electrons, and jets, aswell as global sums of Et and missing Et (to find neutrinos).Each of the objects, such as electrons, muons and jets, arerequired to pass a series of pt or Et thresholds, which are usedin making the Level 1 Trigger Decision.The electron/photon trigger is based on the recognition of alarge and isolated energy deposit in the electromagneticcalorimeter by asking for a small hadronic energy deposited inthe HCAL in the cluster region. There are different thresholdsfor inclusive electrons/photons, dileptons, and for very high Etelectrons. The isolation cuts are relaxed and finally eliminatedfor triggers with increasing Et thresholds.Max

HitMaxEMHadSum 8 Had Neighbors < 1.5 GeVTower count = 72x 54 x 2 = 7776

HitHit Had / Hit EM < 0.05Hit EM + Max EM Neighbor > Threshold0.087 f0.087 hHitMax of 4 Neighbors(No double counting) hfFigure 1. Level 1 Electron Trigger Algorithm.As shown in Figure 1, the algorithm implemented in thehardware design involves two separate cuts on the longitudinaland transverse isolation of the ECAL energy deposit. Thefirst cut involves the hit tower HCAL to ECAL energy ratio,H/E < 0.05. A second cut requires a cut on a sum of HCALtransverse energies in the nearest eight towers surrounding thehit tower, H1 < 2.0 GeV. In order to reduce the number ofbits of information exchanged between electronics cards welimit the dynamic range of neighboring tower HCALinformation to 2 bits. Neighboring ECAL energies are sent as6 bits. Overflows of both the 8-bit scale for ECAL and centralHCAL towers, and the 2-bit scale for neighboring HCALtowers are treated as maxima.The jet triggers are based on sums of 0.35 x 0.35 eta-phiregions using a dynamic range that covers energies up to about250 GeV. Jet triggers with lower thresholds will be used incombination with electron/photon, muon and other jettriggers.Neutrino identification consists of calculating the eventmissing Et vector and testing it against a threshold. Thecalorimeter trigger calculates both sums of Et and missing Et.The transverse energy vector components are calculated fromthe 8-bit compressed-scale digitized HCAL and ECAL pulseheights converted to a linear scale with a 10-bit dynamic range,and multiplied by entries in lookup tables containing the towerangular coordinates. The HCAL and ECAL sums arecombined into single tower sums. The tower sums overthreshold are routed through the digital summing networks.The Et trigger is not used as a standalone trigger, but only incombination with other triggers. When pre-scaled by factorsof 1000 or more for Et above 100 GeV, it is also used tocheck trigger efficiency and measure the Et spectrum.2. CALORIMETER REGIONAL TRIGGER CRATES

E l e c t r o n I s o l a t i o n C a r d

B a c k p l a n e

F i b e r R e c e i v e r C a r d

V M E

R

O

C

C

E

M

E I E I E I E I E I E I E I E I J S L

T

T

C

Figure 2. Schematic view of a typical Calorimeter Level 1Regional crate.The crate, shown schematically in Figure 2, has a height of9U and a depth approximately of 700mm[1] . The backplane i s completely custom with a full 9U height. The top 3U i s reserved for a 32 bit VME interface. The remaining 6U is usedfor the high speeddatapaths betweenindividualcards. Thefront section of the crateis designedto accommodate280mmdeepcards,leaving the major portion of the volume for400mmdeeprearmountedcards.The majority of cards in the Calorimeter Level 1 RegionalProcessor Crates, encompassing threecustom boarddesigns,arededicatedto receiving andprocessing datafrom the[1] J. Lackey et al., CMS Calorimeter Level 1 Trigger C o n c e p t u a l Design, CMS TN/94-284 (1994).