1CMS TN/96-1011 February 1996CMS Calorimeter TriggerPreliminary specificationsof the baseline trigger algorithmsCMS Calorimeter Trigger GroupUniversity of Bristol, Bristol, UKG. P. Heath, H. F. Heath, D. M. Newbold, U. Sch�ferCERNC. Louren�o, J. VarelaFermilab, Batavia, USAR. VidalLIP, Lisbon, PortugalE. Machado, A. Nikitenko, R. N�brega, J. C. SilvaLPNHE, Palaiseau, FranceM. Bercher, Ph. Busson, L. Faurlini, D. LecouturierUniversity of Wisconsin, Madison, USAS. Dasu, J. Lackey, M. Jaworski, W. SmithABSTRACTThis document contains the specifications of the CMS baseline calorimeter trigger algorithms.Detailed information on the physics performance of the algorithms can be found in the technicalnotes listed at the end of the document.The present specifications provide the basis for further simulation studies with the aim ofrefining its details. It also provide the basis for the design studies, prototype developments and beamtests to be carried out in 1996-98.These specifications are preliminary and may be modified as a result of the foreseen tests andtechnical developments.Final draftSubject to approval by ECAL, HCAL and Physics groups

21. IntroductionThe CMS calorimeter trigger system should be capable of selecting electrons, photons and jets over alarge rapidity range with high efficiency. Triggering on events with large missing Et is also required. Theneed for a trigger on t-jets is presently being investigated. A summary of the physics and rate requirements onthe level 1 calorimeter trigger is given in ⁄1.1 and ⁄1.2.Several simulation studies were performed since the Technical Proposal aiming at a better understandingand refinement of the calorimeter trigger algorithms. Detailed GEANT simulations complemented the studiesdone before with fast shower parametrizations, and provide today a more accurate estimation of the triggeralgorithms performance. A description of these studies can be found in the technical notes listed at the end ofthe document.In the following sections, we present the specifications of the calorimeter trigger algorithms thatperformed the best in fulfilling the requirements. These specifications are not final, in the sense that they canchange as a result of the design studies, prototype developments and beam tests to be carried out in the nexttwo or three years. In some cases, complementary simulation work in needed in order to achieve a moreprecise specification. For each specification we provide its definition, justification and status.1.1. Physics requirementsThe physics requirements for the CMS calorimeter trigger, as defined in the CMS Technical Proposal [1]are summarized in the following:1) At high luminosity (L=1034cm-2s-1), the single electron/photon trigger is required to be fully efficient(>95%) in the pseudorapidity range |h|<2.5 for isolated electrons and photons above Et>40 GeV. Thedielectron/diphoton trigger is required to be fully efficient for Et>20 GeV for each particle in the same rapidityrange.Recommendation: The trigger group recommends to change the threshold requirements on the single anddouble electron/photon trigger to 35 and 15 GeV, respectively, in order to achieve the efficiencies mentionedabove [5,14].Justification: A large fraction of the physics channels expected at the LHC involve electrons and photonsin the final state. The threshold on the isolated single electron momentum was chosen so to guarantee atrigger efficiency for identifying W decay electrons above 50% (integrated over all electron momenta). Thethreshold on the dielectron/diphoton momenta was chosen in order to guarantee an efficiency above 95% forthe Higgs (80 GeV mass) decay to two photons.Given the efficiency turn-on curves expected at level 1, the trigger thresholds must be significantly lowerthan the particle momenta, of the order of 25 and 10 GeV respectively for the single and doubleelectron/photon triggers [2,4].2)Single and multiple jet triggers at various thresholds are also required, having a well known efficiencyin order to allow reconstruction of the jet spectrum.Justification: Jet triggers are required in order to reconstruct jet spectra that overlap with data attainable atlower energy colliders. Jet triggers were shown to bring significant contributions to the overall triggerefficiency for top events and for SUSY physics [14]. Jet triggers will be important in the search for quarksubstructure at very high Et and ressonances decaying into jets , as well as checking QCD.3) At high luminosity (L=1034cm-2s-1), the missing transverse energy trigger is required to be fullyefficient for missing Et above 250 GeV and to be above 80% efficient for missing Et larger than 150 GeV.Justification: The missing Et trigger is an important component in the search for SUSY events. Inparticular, the search for squarks and gluinos requires the identification of events with Et above 150 GeV [1].The required performance is achieved when a level 1 threshold of the order of 80 GeV is chosen [8].In addition, the following physics requirements, requested by the Physics Group, are now underconsideration:4) At low luminosity (L=1033cm-2s-1), the system is required to trigger on single and double electronsfrom b-decays, in the pseudorapidity range |h|<1.6, with momenta above 10 and 5 GeV, respectively, with anefficiency above 50%.Justification: The low Pt electron trigger is complementary to the muon trigger in the b physics studies.Detailed simulations [11] showed than an efficiency above 50% for electrons with Et>10 GeV is achievable atthe level 1 trigger, keeping the rate requirements (see ⁄1.2). The possibility of triggering on dielectrons withEt>5 GeV from events bb—fie+J/y+X is being investigated.

35) The system is required to select hadronic t-jets in the pseudorapidity range |h|<2.0 and originating a jetwith Et>40 GeV, with an efficiency above 50%; the t-jets are used to define a double t-jet trigger, as well ascombined triggers with an electron or a muon.Justification: The tau-jet triggers should allow to improve the efficiency of the trigger system to theneutral SUSY Higgs decays into tau pairs, as well as to the charged SUSY Higgs decaying in tau-neutrino[14]. Simulation studies [12] indicate that a relative simple and low cost extension of the jet trigger is able toselect tau-jets with an efficiency above 50%.1.2. Rate requirementsThe CMS calorimeter trigger should fulfill the following rate requirement:1)The background rate should not exceed approximately 15 kHz.Justification: The uncertainties in estimates of cross-sections at high energies and limited knowledge ofbranching ratios impose a large error on the estimated trigger rates. Uncertainties in the simulation itself andin the final detector design also contribute to the error in the trigger rates. Therefore, we provide for a safetymargin of a factor three from the design 100 kHz maximum level 1 output rate to 30 kHz, in designingalgorithms for level 1 triggers. Furthermore, this 30 kHz bandwidth of level 1 output has to be sharedamongst both muon and calorimeter triggers. In order to meet this requirement some triggers (e.g. the lowthreshold jet trigger) will be prescaled.2. Geometry and definitions2.1. Trigger cellThe basic calorimeter trigger cell has dimensions Dh.Df=0.087x0.087 up to h=2.27, andDh.Df=0.174x0.087 in the interval 2.27<h<2.62. Each trigger cell in the barrel and in the endcapscorresponds to the size of an HCAL tower. In the barrel ECAL, the trigger cell is formed by 6x6 crystals. Inthe ECAL endcap, a variable number of crystals forms the trigger cells, depending on the final endcap design.In all cases, there is an exact match between the boundaries of ECAL and HCAL trigger cells.Justification: The trigger cell dimension results from a compromise between the number of triggerchannels, which must be as small as possible, and the jet background rate, which increases with the cell size.The ECAL and HCAL trigger cells match to each other and to the muon trigger segmentation in order toallow an efficient and easy implementation of the trigger algorithms.Status: Accepted2.2. StripsThe ECAL trigger cells are divided in strips. In the barrel ECAL, each trigger cell has 6 strips (one crystalin h and six crystals in f). In the endcap, the number of strips per cell and the number of crystals per strip arevariable, depending on the final endcap design. The strip Et is provided by the ECAL front-end electronics. Justification: The strip information allows the computation of the fine grain primitives (see ⁄3.3). Thestrips are along the bending plane so that the efficiency of the fine grain criteria to electrons withbremstrhalung and to converted photons is as close as possible to 100% [15].Status: Accepted in principle, under technical study.2.3. VFCAL trigger segmentationIn the VFCAL, a possible segmentation, still subject to optimization, is the following:Dh.Df=0.35x0.35 for 2.6<h<4.0 and Dh.Df=1.0x0.7 for 4.0<h<5.0.Justification: The optimal size depends on the size of hadronic showers in the VFCAL and its physicalsegmentation.Status: Under physics performance study.2.4. Calorimeter regionsThe trigger cells are organized in calorimeter regions, each one formed by 4x4 trigger cells. The eta-phiindexes of the calorimeter regions indentify the location of level 1 trigger objects.Justification: The calorimeter region matches the typical jet size and form the basis of the jet trigger.Calorimeter regions are also chosen so that geometric factors can multiply the Et in each region to form Exand Ey without significant loss in missing energy resolution.Status: Accepted.

43. Trigger primitives3.1. Calorimeter cell thresholdsPrevious to the computation of the trigger primitives, programmable thresholds are applied to ECAL cellsbefore crystals are summed into strips, on the strips before they are summed and on the total 6x6 energy. Thethresholds are applied to HCAL on a tower by tower basis.Justification: Thresholding reduces the sensitivity of the isolation algorithms to noise and pileup,maintaining an high efficiency to electrons and photons. Typically, the threshold is set to 3snoise.Status: Accepted in general; thresholds on crystal energies under study.3.2. Et s u m s The following trigger primitive is computed for every ECAL and HCAL trigger cell:- Et sum in trigger cell, coded in a 8 bit compressed nonlinear scale that is programmable.Justification: The Et sums are coded in a 8 bit compressed nonlinear scale in order to minimize the triggerdata flux from the detector. As an example, the scale can be programmed to have a dynamic range of 230GeV, with resolution of 0.1, 0.5, 1.0 and 2.0 GeV respectively in the Et regions defined by the boundaries6.3, 38.3 and 102.3 GeV.Status: Accepted.3.3. Fine grain local isolationThe following trigger primitive is computed for every ECAL trigger cell:- Fine grain local isolation bit (LI bit)The fine grain local isolation bit is computed from the strips by the following peak-finding algorithm:- select the maximum Et sum of two adjacent strips;- compute R, the ratio between the maximum sum of two strips and the total Et sum;- compare R with low and high programmable thresholds to get the LIL and LIH bits;- the final LI bit depends on the cell Et range:if Et< E1 : LI=0if E1<Et<E2 : LI=LIHif Et>E2 : LI=LILwhere E1 and E2 are programmable thresholds.Justification : The fine grain primitives provide for every trigger cell an information that reflects thelateral extension of the e.m. shower. Electrons and photons (converted and non-converted), in the presence ofnoise and high luminosity pileup, have R>0.90 (low threshold) in 98% of the cases [15]. The same criteriarejects the fraction of jets where two or more hadrons interact inside one trigger cell.The high threshold (typically 0.95) is used in the definition of a low Pt beauty electron trigger whichrequires a moderate efficiency and a high rejection power [11].Below the threshold E1 (typically 3 GeV) the LI bit is set to zero to protect the fine grain algorithmagainst noise (see ⁄4.3.2) .Status: Accepted in principle, under technical study.3.4. MIP informationThe following trigger primitive is computed for every HCAL trigger cell:- MIP bit : energy compatible with mip energy depositJustification: The mip information can be used in the isolated muon trigger (see ⁄8.) or in a standaloneHCAL test trigger.Status: Under discussion.4. Electron/photon triggers4.1. GeneralThe electron/photon trigger uses a 3x3 trigger cell sliding window processing [3,10]. The electron/photonidentification is based:- on the recognition of a large energy deposit in one or two adjacent ECAL trigger cells;- on the lateral shower profile (fine grain structure in central ECAL cell) ;- on the longitudinal shower profile (H/E in central trigger cell);- when isolated electron/photons are requested, on the e.m. isolation energy (energy in Ecal cellssurrounding the central cell);- when isolated electron/photons are requested, on the hadronic isolation energy (energy in Hcal cellssurrounding the central cell);

5Justification: A large safety margin in the rates is required for the CMS triggers given the variousuncertainties that affect the trigger rates estimations. The implementation of longitudinal and lateral showerprofile, as well as, e.m. and hadronic isolation programmable criteria provides safety and flexibility for thecalorimeter electron/photon trigger.The use of the energy threshold together with shower profile criteria alone allows to trigger on low ptelectrons from b-decays.Status: Accepted in general, versions under study.4.2. Input dataThe cell Et at the input of the window processing is coded in a 8 bits linear scale with programmableresolution. A smaller number of bits can be used for the isolation cells. Values exceeding the dynamic rangeare set to the maximum.Justification: The limitation in the number of bits is intended to simplify the hardware implementation.Simulation studies showed that a scale of 8 bits with LSB=500 MeV gives adequate trigger performance [4].Status: Accepted

Justification: The sum of neighbor cells is needed to achieve a sharp efficiency threshold curve [4].Status: Accepted.4.3.2. Lateral cluster shapeJustification: Requesting the local isolation bit provides additional background rejection without affectingStatus: Accepted in general; versions under study.4.3.3. Longitudinal hadronic veto

isolated electron/photon efficiency. Electrons from b-decays are 90% efficient with respect to the H/E criteria.Status: Accepted.threshold.

Status: Accepted in general; versions under study.threshold.

Status: Accepted.hassigned a fully programmable rank based on these variables.The four highest ranking e.m. clusters should be selected to forward to the global trigger.the definition of combined triggers.Status: Accepted.(as specified in ⁄4.4), an h f acceptance region and a prescaling factor.conditions.different physics requirements, as well as for calibration and trigger efficiency measurements.Status: Accepted.£h

The global trigger accepts the definition, in parallel, of different multi electron/photon triggers conditions.different physics requirements, as well as for calibration and trigger efficiency measurements.Status: Accepted in general; requirement of minimum separation is under study.

scale of 10 bits with LSB=1 GeV gives adequate jet trigger performance [4].Status: Accepted.

The jet transverse energy

(ETj) is given by the transverse energy in a calorimeter region.Windows overlapping by one calorimeter region are taken into account.Justification: The version 2 gives a jet trigger with higher rate but better efficiency threshold curve.Status: Accepted in general; versions under study.h fcalorimeter region where an electron or tau is identified are not considered.combined triggers.Status: Accepted.h-fconditions.Justification: Low threshold jet triggers need to be prescaled in order to meet the rate requirements.Status: Accepted.£h-f

Status: Accepted in general; requirement of minimum separation is under study.ttxycenter.

Status: Accepted.xy for a standalone trigger.Status: Accepted.

tVFCAL).The total Et triggers are defined by a threshold value and by a prescaling factor. The global trigger acceptstrigger.Status: Accepted.hardware implementation [12].Status: Under physics performance study.

-tETt)

0.4).

t(ETt) cluster backed with hadronic energy [12].Status: Under physics performance study.tth-fcorresponding ’calorimeter region’.ttwhere an electron is identified are not considered.

combined triggers.Status: Under physics performance study.

For each calorimeter region (4x4 trigger cells) a quiet and a MIP bit are computed.[3].Status: Accepted

Status: AcceptedEStatus: Under study.The calorimeter trigger produces for every beam crossing the following output bits :ObjectsRankTotal

Electron(4)

4+5Jet(4)

4+5Tau-jet(4)

4+5(2)

Status: Under discussion.Status: Accepted.programmable thresholds.- time interval (in crossings) over which the statistics were accumulated.threshold independently programmable from the four listed above. If a particular crossing has n regions- number of times each trigger tower region exceeded the single threshold listed above;- time interval (in accelerator cycles) over which the statistics were accumulated.Status: Under discussion.

CMS calorimeter level 1 trigger conceptual design,

CMS level 1 calorimeter trigger performance studies,

Towards a fine granularity calorimeter trigger for CMS,

CMS global calorimeter trigger conceptual design,

Requirements for a fine grain calorimeter trigger, trigger,

CMS level 1 calorimeter trigger - Performance of technical proposal physics,