129 August 1995STAR Trigger Functional RequirementsTable of Contents1. Introduction1.1 Trigger levels1.2 Trigger hardware1.3 Glossary of acronyms2. Executive Summary3. Requirements3.1 - GENERIC3.1.1 Event Selection3.1.1.1 Centrality3.1.1.2 Structure in M(œ,~),E(œ,~)3.1.1.3 Strangeness3.1.1.4 Minimum Bias3.1.1.5 Special criteria3.1.1.5.1 Subsystem Calibration events3.1.1.5.2 Trigger system calibrations3.1.1.5.3 Cosmic Rays3.1.2 Event rejection3.1.2.1 Beam-gas interaction3.1.2.2 Interaction location3.1.2.3 After initial selection3.1.3 Dynamic Range3.1.3.1 Projectile3.1.3.2 Rate3.1.3.3 -2<œ<23.1.3.4 Multiplicity3.1.4 Interfaces3.1.4.1 RHIC Strobe Distribution3.1.4.2 BUSY3.1.4.3 Notification of subsystems

23.1.4.4 Event order in selection3.1.4.5 Latency3.1.5 Scalers3.1.5.1 Luminosity and polarization input3.1.5.2 Trigger diagnostics3.1.5.3 General3.1.6 Upgrades3.1.6.1 Inclusion of new detectors in the trigger.3.1.6.2 Modification and addition of new triggering criteria.3.1.7 Software configurable3.1.7.1 Each run3.1.7.1.1 Prescale values3.1.7.1.2 Selection code3.1.7.1.3 Lookup Tables (LUT)3.1.7.1.4 Timing3.1.7.2 Infrequent 3.1.7.2.1 Input data3.1.8 QA program3.1.8.1 Documentation3.1.8.2 Drawings3.1.8.3 Fault tolerance3.1.8.3.1 Diagnostics3.1.8.3.1.1 Demand acceptance3.1.8.3.1.2 Simulated input for testing3.1.8.3.1.3 Filling Slow Control Buffers3.1.8.3.2 Electronics3.1.8.3.3 Default position3.1.8.3.4 Reset3.1.8.3.5 Software3.1.8.3.6 Radiation damage3.2 Subsystem Specific3.2.1 DAQ3.2.1.1 Timing3.2.1.2 Interface to trigger3.2.1.3 Event ID3.2.1.3.1 Event types3.2.1.3.2 Uniqueness

33.2.1.4 Subsystem coupling in events3.2.2 TPC3.2.2.1 Timing3.2.2.2 Interface to trigger3.2.2.2.1 Calibrations3.2.2.2.2 Busy3.2.2.2.3 Pre and Post History3.2.3 SVT3.2.3.1 Timing3.2.3.1.1 Notification3.2.3.1.2 T0 correction3.2.3.2 Interface to Trigger3.2.3.2.1 Calibrations3.2.3.2.2 Busy3.2.3.2.3 Diagnostics3.2.3.3 Interaction Vertex Position3.2.4 EMC3.2.4.1 Timing3.2.4.2 Interface to trigger3.2.4.2.1 L03.2.4.2.2 L1,L23.2.4.2.3 L33.2.4.2.3.1 Vertex position3.2.4.2.3.2 Sector based DAQ3.2.4.2.3.3 Electron identification3.2.4.2.1 Calibrations3.2.4.2.2 Busy3.2.4.3 Rates3.2.5 TOF3.2.5.1 Timing3.2.5.2 Interface to trigger3.2.5.2.1 L33.2.5.2.2 Calibrations3.2.5.2.3 Busy3.2.6 Slow Controls (SC)3.2.6.1 Data archiving3.2.6.2 Detector control and monitoring3.2.7 Experiment Control (EC)

43.2.7.1 Commands3.2.7.1.1 Configuration files3.2.7.2 Handshakes

5STAR Trigger Functional Requirements1. IntroductionThe heart of the STAR detector system is the TPC. This detector is designed to return dataon dE/dx and particle trajectories in the pseudo-rapidity region of -2<œ<2, from which wehope to glean an unambiguous signal of the formation of a quark-gluon plasma (QGP). Thesignature of the QGP is unknown, however, making it difficult to design a trigger to selectcollisions in which a plasma has formed. Therefore we have designed a trigger that isflexible, that can learn the normal distributions of particles within events, and that can beprogrammed to select events that are outside the normal distributions.Event selection is based on fast detectors which measure multiplicity and energydistributions in pseudo-rapidity œ and azimuthal angle ~. The multiple level structure of thetrigger system is based on TPC timing considerations, and consists of a Level 0 selectionfollowed by up to 4 additional levels of analysis and rejection. We expect to study theapproach to the QGP through pp, pA and AA collisions.The STAR baseline system consists of the TPC and the trigger detectors. Additionaldetectors include a silicon vertex tracker (SVT), an external TPC (XTPC), anelectromagnetic calorimeter (EMC), a time-of-flight (TOF) system, and additionalcalorimetry at large pseudo-rapidity (œ) regions. Our trigger must be able to treat each ofthe subsystems independently to allow us to extract information from detectors independentof each other as well as in coupled mode. This results from the fact that the TPC and SVTare slow devices and it should be possible to learn much about the distributions from thefaster detectors to help in selecting events for the finer analysis afforded by the slow ones.Note that all of the detectors participate in the final trigger decisions concerning furtheranalysis of a given event, but only fast detectors participate in the original event selection atLevel 0.The goals of the trigger system can be summarized as follows:1. Select high multiplicity events since these typically have the largest number ofinteracting nucleons. The assumption is that new phenomena will result from thecollective interaction of the largest number of participants.2. Select events whose particle distributions suggest local inhomogeneity such asexpected when a portion of the interaction volume encloses a plasma.3. Select events having unusual concentrations of strangeness, since strangenessand anti-strangeness production levels may herald passage through the QGP phase.4. Provide for a variety of different trigger types, such as for calibration events,cosmic ray events, high multiplicity, asymmetry, and others.5. Be easily adapted to include new detectors6. Be easily adapted to include new understanding of the physics7. Reject beam-gas interactions8. Select events in pp and pA for analysis, much as in AAThe constraints on the system include:1. Provide a signal to open the TPC amplification grid within 1 micro-sec of theoccurrence of the interaction

62. Locate events to an accuracy of +/-3cm in interaction diamond3. Select events based on particles produced in -2<œ<2 interval4. Allow understanding of any trigger bias introduced in event selection1.1 Trigger levelsThe timing structure of the trigger system is set to match the TPC time structure,leading to 4 levels of time structure set by the conditions indicated.Level 0 : We need to open the TPC amplification grid within approximately 1�s ofthe occurrence of the collision. This is a soft number, set by the fact that the process ofgating the grid requires ~0.5�s and by the fact that each �s of delay costs us ~2% (1.2% w/HeC2H6) of the data on track length. All event selection must begin with a Level 0 trigger.Subsequent levels of trigger analysis must make a positive selection to allow an event tocontinue through the trigger selection chain.Level l : The drift time of the TPC is ~50�s (80�s with HeC2H6), during whichcharge samples from each pad are strobed onto a switched capacitor array (SCA) whichforms an analog pipeline for the TPC data. Bandwidth considerations for moving triggerinformation through the system suggest that summary data from sets of trigger detectorscan be further analyzed during this storage period to decide whether a selected event shouldbe rejected or passed to the next level of analysis. This time allocation is set somewhatarbitrarily at 100�s for Level 1 analysis. If this event is rejected, it takes a few �s for theTPC electronics to reset itself to be ready to accept another event.Level 2: Once the SCA is filled, data begin moving through the TPC digitizersequence, a process which requires 10ms regardless of occupancy in the TPC. During thistime, network bandwidth allows all data from the trigger detectors to be moved to a centrallocation for further analysis. Simultaneously, additional summary data from other fastdetectors (EMC, TOF) can be added to this trigger data to determine whether the eventshould be kept or rejected. Time allocated for Level 2 analysis is again somewhat arbitrary.For events including TPC data, we want to make our decision to keep or reject an event in atime significantly less than the 10ms digitizing time so that we can increase the overall TPCevent throughput. For events that include only fast detectors, we want to make thekeep/reject decision in a time commensurate with the event build time or less. We thusallow different duration for Level 2 processing to depend on event type - typically 4ms fora TPC type event, or 1ms for an EMC type event.Level 3: At this point, TPC data is digitized and ready to read into the event builder.The hardware for this process is under DAQ control, with aid from the trigger group indefining the hardware architecture to optimize TPC and slow detector data analysis infurther trigger keep/reject decisions. Level 3 analysis will be performed first on data fromthe subsystems separately such as track information from TPC and SVT systems. It willthen be combined with summary information from other faster detectors to give a quicklook at the overall event. We expect it to be possible to move many events through theLevel 3 processing to select the few events per second that are sent in raw form to hardmedia for archiving.Level 4: We need a way to look at complete events before taping.

71.2 Trigger hardwareThe STAR trigger system is divided into two parts. First are the trigger detectors; theVertex Position Detector (VPD), the Central Trigger Barrel (CTB), the Multi Wire Counter(MWC) and the Veto Calorimeters (VTC). The electromagnetic calorimeter (EMC) is alsoused throughout the trigger decision tree. Second are the electronics for data processing andtriggering functions and the interfaces to the detector subsystems and DAQ.VPD: The vertex position detector consists of two units, each containing 24 VPD modules.One unit sits on each side of the interaction diamond, at a distance which is variablebetween 3 and 8 meters from the diamond center. Location is determined to optimizeposition information while minimizing interference with other outer detectors. The timedifference between the first hit in the left side and the first hit in the right side gives thelocation of the interaction vertex to an accuracy that depends on the number of hits in eachdetector. For AuAu interactions simulations suggest that we achieve <1cm positionresolution with 100ps resolution per module.CTB: There are 120 trays of the central trigger barrel, each containing two scintillator slatswith each slat viewed by a single photomultiplier. The trays are arrayed around the TPC ina barrel of radius ~2m and length ~4m. Each slat delivers light according to dE/dx in thescintillator. The overall track multiplicity in each slat is proportional to the total lightgenerated. Consequently, an ADC on each PMT gives an indication of total chargedparticle multiplicity in the region from -1<œ<1 in the CTB.MWC: Each TPC endcap has ~4000 wires which respond like a normal multiwire chamberto passage of a charged particle. We take the prompt signal from each wire through apreamp and discriminator to determine whether each wire was hit. The wires are then takenin groups of 20 and a count of hit wires in each group is made and sent to the Level 0electronics to give an indication of multiplicity passing through the TPC endcaps, thus inthe region from -2<œ<-1 and 1<œ<2.VTC: at the cave exit on each side, in the crotch of the first beamline dipoles, there are twosimple Pb-scint calorimeters whose purpose is to record passage of fragmentation regionneutrons and protons. This provides a verification of centrality for AA collisions as well asa minimum bias signal.EMC: This is not technically termed a trigger detector although the information provided isused in all levels of the STAR trigger. It consists of 1200 towers of calorimeter. Each towersends light to 1 PMT.Electronics: Data from every trigger detector is digitized each RHIC crossing and sent to aData Storage and Manipulation (DSM) board which forms a portion of a digital pipeline. Atrigger control unit (TCU) controls fast event selection at Level 0, where information isavailable from a tree of field programmable gate arrays (FPGA) which perform themanipulations on the DSM boards. Summary information from fast detectors (Trigger,Time-of-flight (TOF), Electromagnetic Calorimeter (EMC)) is passed to Level 1 for initialtopological analysis and possible event rejection. For events passing Level 1, full eventinformation for fast detectors is passed to Level 2 for detailed topological analysis andpossible rejection. DAQ is notified of any event passing Level 2 analysis. DAQ thengathers slow detector information and begins track analysis for Level 3 trigger decisionsbased on separate detector segments. Finally, at Level 4, all data for a given interaction isbuilt into an event and analyzed for suitability for archiving.

81.3 Glossary of acronymsCTBCentral Trigger BarrelDAQData AcquisitionDSMData Storage and Manipulation boardsECExperiment Control subsystemEMCElectromagnetic CalorimeterFIFOFirst-in-First-out storage memoryFPGAField programmable gate arrayL0Level 0 triggerL1Level 1 trigger (1-100 �s)L1CPUL1 processorL1CTLL1 control processorL2Level 2 trigger (0.1 - 10 ms)L2CPUL2 processorL2CTLL2 control processorL3Level 3 triggerL4level 4 triggerLUTLookup TableMParticle multiplicitymipminimum ionizing particleMWC Multi-wire ChamberPIDParticle IdentificationPMTPhotomultiplier tubeRHICRelativistic Heavy Ion ColliderSVTSilicon Vertex TrackerTCDTrigger - Clock DistributionTCUtrigger control unit (L0)TDITrigger-DAQ InterfaceTOFTime-of-Flight detectorTPCTime Projection ChamberTRIGTrigger systemTSLTrigger System LogicVPDVertex Position DetectorVTCVeto CalorimeterZPosition align beamline

9This document will be arranged in such a manner that for each requirement there will bethree sections. The three sections are; Requirement, Justification, and Status.2. Executive SummaryThe tables below provide an overview of the parameters for the trigger system as it is beingimplemented. It is our intention to produce 10% spares for all home-grown modules.Tables of Parameters:Central Trigger BarrelparameterCTBPurposeMeasure charged particle multiplicity in -1<œ<1Cell coverage„/30 in ~; 0.5 in œOccupancy10/cell for central AuAuAccuracy<3% at M>1000 ; single hits at low MChannels (cells)240Duty cycleevery RHIC bunch crossingRadiatorscintillator paddles 20cmx100cmx1cmLight DetectorsHamamatsu 2490-05 PMTsADC (PMT amplitude)8 bitsHigh voltagelocal Cockroft-Walton generatorLow voltage+30V, +/-5VPower supplies20Camac crates1Data transferPMT base - digital pipeline via 266 MHzfiberOptical transceivers120Calibration systemlaser on trolley distributed over fiberDSM boards16Multi Wire CounterparameterMWCpurposemeasure charged particle multiplicity in -2<œ<-1 and 1<œ<2Cell coveragevariable in œ and ~Occupancy0.1 - 0.2 per cellAccuracy<3% at M>1000 ; single hits at low MChannels7680 wiresPre amps1000 @ 8 channels eachWire grouping20 wires per groupSectors24Digitizers400 - 5 bits eachDuty cycleevery RHIC bunch crossingData transfervia 24 fibers 1 GHz

10Optical Transceivers24DSM boards16Vertex Position DetectorparameterV P D purposelocate vertex positioncell coverage„/8 or „/12 in ~; 0.05 - 0.1 in œoccupancy0.8 in central AuAu collisionsChannels48 total - 24 on each sidePosition resolution<3 cm.Methodextrapolated leading edge (dual threshold)TDC25 ps, 10bitsLookup table2 x 10 bits to 8 bitsDuty cycleevery RHIC bunch crossingTotal TDC processing time185 nsPhoton converters1´rad PbCherenkov radiators1 cm thick 5 cm diameter quartz discsDetectors48 Hamamatsu R2490-05 PMTsHigh voltageremote from LeCroy 1440Data transferanode output over BNC to digitizer ontrolleyFront end digitizer boards8 @ 6 channels eachDSM boards4Timing generation control board1Veto CalorimeterparameterVTCpurposeverify centrality in AuAu collisionscell coveragetiny, near 0 degreesoccupancy25 n for central AuAu collisionChannels4ADC resolution8 bits, 20 MHzDuty cycleevery RHIC bunch crossingRadiatorscintillatorConverter/absorberPb platesDetectorHamamatsu 2490-05 PMTData transfer analog via BNC to trolleyOptical transceivers2DSM boards1DSM (Data Storage and Manipulation) BoardsparameterD S M Input bits128

11Output bits32Gain Correction and pedestal sub LUT16 - 8 bit or 8 - 16 bit eachCyclic buffers for storing input data16 - 64k x 8 bitLevel 0 Algorithms1 FPGAVME interface and Local Bd Control, VMECBLT and multicast support1 FPGAOutput FIFO (tree alignment)64 x 32 bitsTrigger Control Unit (TCU)parameterTCUInput bits from DSM trees16Busy bits (from TCD)8Input counter2 - 1M x 20 bitsCyclic input buffers1 - 65k x 16 bitsTemporary data storage1 - 16 bitsPolarization input bits4Luminosity input bits16Luminosity scalers2 - 4k x 20 bitsTrigger word LUT1M x 16 bitsTrigger word counter2 - 65k x 20 bitsPrescale table / scalers2 - 65k x 20 bitsToken FIFO4k x 12 bitsResponse FIFO (to TCD)8k x 28 bitsAccepted Trigger info FIFO4k x 60 bitsHistory FIFO1k x 1 bitsVME interface bd and Local Bd control2 FPGATrigger ProcessingparameterSTAR Trigger System LogicLevel 0 TCU2 plus 1 spareLevel 0 DSM boards40 + 4 sparesLevel 0 TCD1Trigger clock distribution system8 boardsLevel 1 processors10Level 2 processors10Trigger-DAQ Interface128 MByLevel 3 processors24L1 control (L1CTL)2 @ 16 MByL1 I/O1L2 control (L2CTL)64 MBy

123.0 Requirements3.1 - GENERIC3.1.1 Event Selection3.1.1.1 CentralityRequirement: Select interactions based on centrality.Justification: Physics suggests that the most likely event type for finding the QGPhas maximum participation or maximum overlap.Status: Implemented in the trigger via the multiplicity detectors CTB and MWC andthrough Level 0 multiplicity maximum selection. Correlations linking impactparameter to multiplicity and the detector response functions are all documented onthe WWW. These suggest a maximum selectivity of approximately 3%. Simulationshave shown that this must be variable to include lower multiplicity events that haveother manifestations of plasma formation.3.1.1.2 Structure in M(œ,~), E(œ,~)Requirement: Select events based on structure in both œ and ~ in multiplicity andenergy.Justification: Jets and asymmetric energy distributions are expected to signalpossible transitions to QGP.Status: Implemented through pixel analysis of EMC, CTB and MWC data. Thetheoretical basis for this analysis is documented on WWW. Event structuresinvestigated so far include jets, QGP bubbles, volcanoes. The minimum momentumstructure we can resolve with these trigger detectors is approximately 150 MeV/c asdocumented in a study of structure vs. momentum on the WWW.3.1.1.3 StrangenessRequirement: Select events having peculiar strangeness content.Justification: Strangeness enhancement is expected to be sensitive to the finalhadronization processes and may give indication of the interaction having proceededthrough a QGP formation.Present status: Requires third level tracking analysis with information from the TPCand, for much greater efficiency, from the SVT and TOF. We are presentlyinvestigating different strangeness selection algorithms for Level 3 and perhapsLevel 4. These include analysis of track pointing to secondary vertices, dE/dx ontrack segments, and V finding in SVT.3.1.1.4 Minimum Bias

13Requirement: Allow selection of events with minimum bias in the selectionprocedure.Justification: Need to normalize rate for more exotic processes.Present Status: Implemented via RHIC clock and selection on signal in any triggerdetector. A separate prescaler in the TCU (24 bits or 1014 counts) allows us to issuea min bias event at frequencies as low a 1/month or anything higher. The FPGAtree can be programmed to allow any multiplicity threshold from 1 to 104 in CTBand MWC, or for any signal in VTC or VPD, or for any other arbitrary input.3.1.1.5 Special CriteriaRequirement: Provide channel for special trigger requests from other subsystems.Justification: Many types of events may be needed for diagnostics.Status: The Trigger Response FIFO on the TCU can be loaded from VME. Specialtrigger requests will come via software to that FIFO. The contents of this FIFO aresent to all subsystems when there is not a new L0 trigger for this crossing.3.1.1.5.1 Subsystem Calibration eventsRequirement: Provide for the handling of trigger requests from each detectorsystem for the purpose of calibrating the detectors.Justification: Need to calibrate each detector system independently, as well as totest the system as a whole.Present Status: Implemented through special trigger request and RHIC strobedistribution scheme at Level 0. Calibrations can take the form of laser or pulserrequests to trigger. The basic idea is that a subsystem will request a trigger andTRIG will wait for an opportune time and then issue the "special trigger" via thenormal trigger channel. see "LASER EVENT" appendix.3.1.1.5.2 Trigger system calibrationsRequirement: Need to establish periodically the timing characteristics of VPD,multiplicity accuracy of CTB and MWC, and response of VTC.Justification: Expect variations in timing and amplitude as components age ortemperatures vary, etc.Status: The VPD is calibrated by taking a series of events and finding theminimum hit time for each PMT. We use the VPD to select events, then use theTPC to select events with a vertex at the mid point of the diamond, and then findthe minimum time for each PMT. Calibration of the CTB and MWC isaccomplished similarly, we gather a series of events and then use the TPC to

14track onto each slat of the CTB or into each pixel of the MWC and compare ourcounts to the crossing track count.3.1.1.5.3 Cosmic RaysRequirement: Provide for a cosmic ray (CR) trigger for STARJustification: Need to be able to trigger on cosmic rays to check trackingefficiency in the TPC.Present Status: This is presently implemented in the design of the Level 0trigger algorithms. Free-running the pseudo-RHIC clock pulse generator leadsto a 10% efficiency for direct CR detection using the CTB slats. Other triggerentry points are also possible for this type of trigger, such as loading the triggerresponse FIFO from an external coincidence.3.1.2 Event rejection3.1.2.1 Beam-gas interactionsRequirement: The trigger must recognize beam-gas interactions as distinct frombeam-beam interactions and reject such events.Justification: These constitute an interaction background and must be recognized assuch.Present status: Implemented through the VPD which can select interaction location.3.1.2.2 Interaction locationRequirement : Select events occurring within +/-3 cm of any particular location inthe interaction diamond.Justification : Need to test selected portions of the TPC.Status : Implemented with VPD location measurement and possibility to selectgiven range in Z within the DSM tree.3.1.2.3 After initial selectionRequirement : Once an event is selected at Level 0 we need a mechanism to rejectthe event if further analysis warrants this.Justification : We want to be liberal in issuing Level 0 triggers so that we do notoverly constrain the selection process thereby missing otherwise interesting events.Present Status : Rejections are handled within the context of the command wordstructure in the trigger-subsystem communications. The abort command will befollowed by the ID of the specific event being rejected. Rejection can be performed

15by the Level 1 or 2 controllers without notification of DAQ. Rejection at Level 3 ishandled by the DAQ subsystem. We are presently investigating entropy content,statistical selectivity, and neuron functions to establish requirements for an event topass L1 and L2. We are using isolation cuts with EMC data to select events havingW and Z intermediaries. We are quantifying TPC cluster and track parameterinformation for use in L3 rejection and in coupling information from fast and slowdetectors.3.1.3 Dynamic Range3.1.3.1 ProjectileRequirement: The trigger must operate for pp, pA, and AA collisions where Aspans the range from 1 to 238.Justification: While the largest A systems are expected to be the most likely systemsto form the plasma, we will need to study the full range of projectile-targetcombinations to understand the approach to plasma formation. In addition, it isenvisioned that there will be a strong polarization program for the pp interactionsand STAR will make spin studies a major goal.Status: Implemented in the present level structure using combinations of standardtrigger detectors with the addition of an EMC. The VPD is 70% efficient forselecting the vertex for pp events and approximately 95% efficient for AuAu events(excluding EM decays).3.1.3.2 RateRequirement: Trigger must operate at rates to 107 interactions per secondJustification: This is the RHIC crossing rateStatus: All trigger detectors are digitized at 10 MHz. Discussions concerning HVand rates on PMT in progress. Pipelines allow 10MHz operation with <1�slatency.3.1.3.3 -2<œ<2Requirement: Since the TPC covers the region from -2<œ<2 and it is the primarysource of information in the experiment, the trigger must select events based on theparticles produced in this interval.Justification: We need to select events where we have sufficiently powerful detectorcoverage to have a chance to understand the interactions.Present status: Implemented through the CTB (-1<œ<1) and MWC (-2<œ<-1;1<œ<2).

163.1.3.4 MultiplicityRequirement: Operate at multiplicities (M) of a few to many thousand.Justification: the pp program produces typically M~2-5 while the AuAu collisionsproduce M~2000 in our trigger detectors.Status: The CTB, MWC, and VPD are all capable of responding to single mip hits.The CTB uses a charge integrating ADC so has a dynamic range up to about 100.The MWC uses hit counting so begins to saturate when multiple particles passthrough a single wire region or at rates of dN/dœ>2k or so (4k wires in single œunit). The VPD gets better as M increases, but responds well to single hits.3.1.4 InterfacesIndividual subsystem interfaces are discussed in section 3.23.1.4.1 RHIC Strobe DistributionRequirement: The trigger shall provide the subsystems with a signal with a definedphase with respect to the RHIC bunch crossing stable to +/- 1ns.Justification: This is required to synchronize the ADC gates and event time basesfor the experiment.Status: This is presently designed as a functional block of the trigger but thisquestion also has ties to event synchronization between the detectors andexperiment control and is currently under discussion. Presently this distribution isaccomplished through the trigger-clock-distribution (TCD) system. (See TCDrequirements document)3.1.4.2 Subsystem BUSY statusRequirement: Trigger must provide means for subsystems to input a busy conditionthat will prohibit further triggers to that subsystem.Justification: Hardware and software resources may periodically becomeunavailable for a variety of reasons and this information must be correlatedthroughout STAR to measure cross sections for various processes. In addition,Trigger must avoid sending trigger signals to any subsystem that is not ready toaccept them.Present status: Busy lines from each subsystem hardware and software componentsenter trigger through the DSM into Level 0 decisions and into TCU for scalerbookkeeping.3.1.4.3 Event selection notification

17Requirement: Trigger must inform all detector subsystems of each event as it isselected at Level 0, Level 1, and Level 2.Justification: Level 0 notification is what initiates data collection for each detectorsubsystem. Higher level notification is required to keep clear buffer allocations foreach subsystemPresent status: Accomplished with trigger distribution queue in TCU.3.1.4.4 Event order in selectionRequirement : There is no requirement on event order notification.3.1.4.5 Maximum latencyRequirement: There is no requirement on maximum latency at this time.3.1.5 Scalers3.1.5.1 Luminosity and polarization inputRequirement : Record luminosity during livetime of each trigger type and eachbeam polarization.Justification : Need to compute cross sections for physics interpretation of eachtrigger type.Status : We assume that RHIC will provide luminosity information. In aadditionwewill use our CTB +MWC multiplicity as scaler input. We plan to have 8k separatescalar channels integrating luminosity for each BUSY condition and for eachpolarization condition. Integrated luminosity for a given trigger type is found bytaking the full � sum and subtracting the channels in which one of the relevantsubsystems for that trigger type is dead. Scalar event readout is controlled by TRIGsending DAQ an event whose content is the scaler buffers. The event will consistof an event type, RDX header, and data.**OPEN ISSUE - what gating do we need on the scaler information? Do we needto record only for hits �in the diamond�?3.1.5.2 Trigger diagnosticsRequirement: Provide scalers to keep track of all triggers formed, issued, andrejected.Justification: Need to compute cross sections for various physics processes and tomonitor health of the trigger.Status: See section 3.1.8.3.1

183.1.5.3 GeneralRequirement: Provide path for forming one and two dimensional histograms of fastdetector dataJustification: Need to look at experiment performance as well as to find areas ofinterest on the �wings� of distributions.Status: Implemented in Level 2.3.1.6 Upgrades3.1.6.1 Inclusion of new detectors in the triggerRequirement: We must allow for new detector systems to be triggered and toparticipate in the triggering decision.Justification: New detector systems will be added to the STAR detectorcomplement to enhance the ability of STAR to find new physics.Status: This is implemented in the present architecture. The detector subsysteminterface allows for the inclusion of new detector subsystems of both fast and slowvariety. It allows entry points for the request of triggers and for participation in thetriggering decision throughout the trigger sequence from Level 0 to 4. Entry at L0 isthrough the DSM boards. At L1 and L2 it is through shared memory. At L3 and L4it is through global control units.3.1.6.2 Modification and addition of new triggering criteria.Requirement: The trigger shall provide mechanisms that allow the triggering criteriato be modified and the triggering capability upgraded.Justification: As our knowledge of the RHIC physics environment increases, wewill need to modify the criteria used to define which events are accepted tomaximize the acceptance of �interesting� events.Present Status: This has been implemented in the trigger through extensive use ofan open and scalable architecture employing Field Programmable Gate Arraydecision engines at Level 0 and generic CPU processing at Level 1, 2, 3.3.1.7 Software configurable3.1.7.1 Each run3.1.7.1.1 Prescale valuesRequirement: Need to be able to load prescale values for each trigger type.

19Justification: We want to study a wide variety of event types and want to be ableto control the rate at which types are collected.Status: Implemented for Level 0. We need to implement a similar scheme forevents surviving each trigger level.3.1.7.1.2 Selection codeRequirement: Need to be able to change selection code at all trigger levels.Justification: Will have different types of runs as well as evolution in ourunderstanding of event selection.Status: Implemented through VME connection to FPGAs at Level0 and togeneric CPUs at L1, L2, and L3.3.1.7.1.3 Lookup tablesRequirement: Need to be able to correct input data for gain, pedestals, etc.Justification: Detectors cover different regions in œ,~ and electronics havedifferent quiescent operating points.Status: Implemented through LUT at input of DSM for each TRIG detector.3.1.7.1.4 TimingRequirement: Trigger must configure fully in less than 1 minute.Justification: Begin run sequence must complete in arbitrarily short time.Status: All code and tables can be loaded in a few seconds now.3.1.7.2 Infrequent3.1.7.2.1 Input dataRequirement: Need to tell system to read stored data or accept new data.Justification: Needed to test operation of trigger.Status: Implemented through MUX on DSM boards.3.1.8 QA Program3.1.8.1 Documentation

20Requirement: All components, hardware and software, must be accompanied bydescriptive and operating documents.Justification: Need to provide coherence over personnel changes and failingmemories.Status: Implemented.3.1.8.2 DrawingsRequirement: Drawings must adhere to STAR standards for drawings.Justification: Need experiment wide compatibility.Status: Under discussion.3.1.8.3 Fault Tolerance3.1.8.3.1 DiagnosticsRequirement: Provide information to determine whether trigger selection is asinstructed.Justification: Need to tell if trigger is operating correctly.Status: Scalers at each decision point. Registers holding FIFO status for allTCU FIFOs. L1 and L2 controllers write status of event analysis for each eventinto data stream.3.1.8.3.1.1 Demand acceptanceRequirement: We need to specify that a selected event be acceptedregardless of the outcome of Level 1,2,3, and 4 analysis.Justification: Need to be able to test various aspects of the selectionprocess.Status: Implemented through special trigger input lines for Level 0. A bitset at L0 will become part of a control word which is interrogated at allsubsequent levels before issuing any reject. Under discussion with DAQusing control word for level 3.3.1.8.3.1.2 Simulated input for testingRequirement : All trigger electronics must have provision for test datapresented at the input on the same path that real data follows.

21Justification : Need to be able to debug hardware and software in acontrolled fashion.Status : Implemented through MUX selectable data paths at input to allDSM boards as well as on TCU. We also can pass through any event orset of events with a "reject override" option in the Level 1 and Level 2queue controllers. Simulation timing data can be used to stop VPD TDCsto test the analog section of that device, excluding discriminators and PMT.LED pulsers are used to test the full analog chain of VPD, CTB, and VTC.3.1.8.3.1.3 Filling test buffers for access via slow controlsRequirement: Provide mechanism whereby individual event raw data ismoved to buffers for access via slow control path.Justification: Will be necessary to test individual front end boards.Status: A software settable flag will be passed to the trigger-clock-distribution boards to indicate that the next event will be routed tointermediate storage, regardless of its subsequent action.3.1.8.3.2 ElectronicsRequirement: No failure of inaccessible electronics shall disable the triggersystem. (We consider electronics on the trolley accessible since we can gaintrolley entrance at end of fill cycle for limited time.)Justification: RHIC will limit access to variety of areas where electronics mightbe located.Status: No cave resident electronics can affect more than 80 MWC wires, 1CTB tray or 1 VPD or VTC PMT. We require RHIC resident spares for eachremaining component (DSM, TCU, L1CPU, L2CPU).3.1.8.3.3 Defaults.Requirement: Default condition for any given crossing will be no event. Defaultcondition will require positive selection at each level of trigger for event toproceed.Justification: Choose that the default condition not swamp other STARresources.Status: Level 0 requires positive selection signal. Level 1 and 2 must issueexplicit acceptances before next stage is initiated. Note that the default action canbe changed through the configuration file.3.1.8.3.4 Resets

22Requirement: Trigger must power up in reproducible specified state.Justification: System may hang in any state.Status: All trigger hardware and software settable parameters are loaded at beginrun. DSM boards power up in a LOAD state, and will not operate untilexplicitly loaded.3.1.8.3.5 Software:Requirement: Trigger software must perform constant self consistency checksfor error detection. In case of an error, backup procedures have to be in place toallow graceful recovery.Justification: If trigger stops, the experiment stops.Status: Level 1 and Level 2 analysis processes are allowed to hang withoutinterrupting more than one event in the data stream. Other steps are underdiscussion.3.1.8.3.6 Radiation damageRequirement: All components survive the RHIC environment for at least 10years.Justification: Expected lifetime of STAR system.Status: Need estimate of rad bkgd at each det.3.2 Subsystem Specific3.2.1 DAQ3.2.1.1 TimingRequirement: Notify DAQ within 10ms of occurrence of an event including theTPC or SVT.Justification: The slow detector digitization chains take 10ms to complete,regardless of occupancy.Status: TRIG informs DAQ at the end of L2 processing, w/i a variable time whosemaximum latency is 10ms, of the occurrence of an event.3.2.1.2 Interface to triggerRequirement: The trigger and DAQ shall mutually agree on one interface standardfor the efficient passing of trigger event and detector data.

23Justification: This is necessary for the functioning of the experimentPresent Status: Documented and signed off. This interface uses a shared memoryaccessible via VME P3 from the trigger side and through VME P2 from the DAQside. It is possible in this architecture for TRIG to sent TRIGGER ONLY events toDAQ, with the further requirement that these be routed to permanent storage.3.2.1.3 Event ID3.2.1.3.1 Event typesRequirement: The trigger shall provide a mechanism whereby both the multipledetector events and single detector events are synchronized.Justification: In order to reconstruct full events we need to be sure that the fullevents built by DAQ are the same event as seen by each detector.Present Status: The plan is to distribute a series of bits that describe the status ofthe present event through the TCD. These bits will include a command word,followed where appropriate by a trigger word, followed by event ID and headerinformation. These bits will be distributed to the individual data componentswithin each subsystem by the subsystem distribution net.3.2.1.3.2 UniquenessRequirement: Trigger must provide an event ID that is unique over the life ofthe experiment.Justification: We do not want any ambiguity in discussing a particular event.Status: There is a 64 bit word whose content may be a UT clock included ineach event header.3.2.1.4 Subsystem coupling in eventsRequirement: Trigger must be able to initiate triggers involving any combination ofSTAR detectors.Justification: Physics can be gleaned from single detectors like the EMC as well asfrom fully coupled events that include all detector components.Present status: This is implemented with the inclusion of the rule that detectors thatwish to have the option of running decoupled from the TPC must provide a databuffer scheme for internal storage.3.2.2 TPC3.2.2.1 Timing

24Requirement: Trigger must provide event notification to the TPC within ~1microsec of the interaction.Justification: We lose information at the rate of ~2% per microsec delay due to thedrifting of electrons in the TPC out of the active volume.Status: Level 0 informs all subsystems within a configuration set parameter that canbe as short as 1 microsecond after the interaction.3.2.2.2 Interface to triggerRequirement: Trigger must provide a path for using TPC tracking information inmaking a decision whether to keep a given event.Justification: We can acquire many more TPC events than we can record on tape, sowe must be able to use the TPC data itself in making a final trigger decision.Status: Implemented through both Level 3 and Level 4 trigger processors.3.2.2.2.1 CalibrationsRequirement: Provide for laser and other types of calibrations of the TPC.Justification: Need straight tracks of known properties to calibrate the TPCresponse.Status: Special trigger requests are handled through the Trigger Response FIFOwhich is loaded via software from experiment control. See LASER appendix.3.2.2.2.2 BusyRequirement: Block sending triggers to the TPC when it is in a busy state.Justification: The TPC has limited buffer space and has a maximum rate atwhich it can be triggered.Status: TPC will inform TRIG when it is not in a condition to accept furthertriggers.3.2.2.2 Pre and post historyRequirement: Provide a crossing history both preceding and following a Level 0trigger that includes the TPC.Justification: TPC acting alone needs to have all crossings within +/-1 cmupstream and downstream clearly identified for track content so that it can selectthe real event vertex.

25Present Status: implemented with pileup counter in Level 0 and 1. see"HISTORY.DOC" appendix3.2.3 SVT3.2.3.1 Timing3.2.3.1.1 NotificationRequirement: Trigger must inform SVT of an event within ~3 microseconds ofthe interaction.Justification: The SVT scrolls data onto an SCA which holds ~4.5 microsecs ofdata. It takes some time to switch the array from acquire to digitize. This timeneeds to be fixed and deterministic within a run, so that the TCD can implementa fixed delay sequence to notify the RDO boards.Status: Level 0 informs all subsystems within a configuration set time intervalthat can be as short as 1 microsec.3.2.3.1.2 T0 correctionRequirement: Timing information from VPD must be made available to level 3processors.Justification: to allow for t0 correction of the space-point finding.Status: Position and T0 information will be made available in TRIG headerpassed to DAQ.3.2.3.2 Interface to triggerRequirement: Trigger must provide a path for using SVT tracking information inmaking a decision whether to keep a given event.Justification: We can acquire many more SVT events than we can record on tape, sowe must be able to use the SVT data itself in making a final trigger decision.Status: Implemented through both Level 3 and Level 4 trigger processors.3.2.3.2.1 CalibrationsRequirement: Trigger must allow for electronics calibration of the SVT.Justification: Electronics drift and pedestals/gains may change.Status: SVT will request a special trigger from TRIG and TRIG will then queuethis request at an appropriate time. Trigger must allow for software andhardware triggerable electronics calibration of the SVT.

263.2.3.2.2 BusyRequirement: Block sending triggers to the SVT when it is in a busy state.Justification: The SVT has limited buffer space and has a maximum rate atwhich it can be triggered.Status: SVT will inform TRIG when it is not in a condition to accept furthertriggers.3.2.3.2.3 DiagnosticsStatus: Currently there is a trigger3 command ("executed as trigger0 but copyevent also into local buffer"), but nothing equivalent for pulser events. We werethinking that it would be good to have this control implemented via a slowcontrols interface on the readout cards, so that individual RDO boards could beinstructed to store the next event in local memory. This would also allow eachdetector subsystem to individually determine, if they want to store the next eventor not. We would implement this as a logical "OR" with the next triggercommand that would generate an event. The trigger command would also resetthis (slow control) switch, so that only one event would be stored. Replay ofthis event can then proceed with the "pulser3" trigger command.3.2.3.3 Select Interaction Vertex PositionRequirement: Select events occurring within +/- 3 cm of the center of the interactiondiamond.Justification: The Silicon Vertex Tracker spans only 8 cm around the diamondcenter.Present Status: Implemented in current trigger architecture through VPD.3.2.4 EMC3.2.4.1 TimingRequirement: Maximum Latency of EMC data into EMC Level 1 shall be 50 microsec. in the case that Level 0 comes after 10 crossings.Maximum Latency of Shower Max Data into EMC Level 1 shall be200 micro sec.Justification: A) The maximum must be as short as possible to allow level 1processing time. The specified latencies would be a significant part of theprocessing time in the case that EMC would contribute to aborting a TPC readout.B) The specified latencies are the best we believe we can achievewith available or affordable technology.

27Status: under discussion with EMC.3.2.4.2 Interface to trigger3.2.4.2.1 L0Requirement : Make Level 0 trigger decisions based on EMC dataJustification : EMC will be the primary trigger detector for pp and will be usefulin isospin studies in AA as well.status: Data is input to trigger Level 0 through the data storage and manipulationboards. EMC shall supply the following Level 0 trigger information:1) single tower hit above each of 3 (programmable) thresholds.2) 4 tower hits above each of 3 (programmable) thresholds. (These may be non-overlapping 2x2 combinations)3) 16 tower hits above each of 3 (programmable) thresholds.4) Global Et above each of 3 (programmable) thresholds.5) Digitized Global Et of at least 8 bits.6) Digitized energy in 12 "Isospin Patches" in the Barrel which are 1.0 in etaand 1.05 radians in phi.7) Digitized energy in a few patches in the end cap.These basic triggers are necessary for the following list of physics triggers, andcan be implemented in less than 1 u sec. See EMC appendix.3.2.4.2.2 L1,L2Requirement: EMC requires calculation of the correlation between EMCphototubes and Shower Max information within the level1-level2 time frame.These correlations cross EMC phi boundaries and TPC sector boundaries byone EMC nearest neighbor. EMC shall put the pedestal-subtracted phototubedata for events accepted by Level 1 into a dual-port memory for use by Level 2.Justification: The correlation between EMC and Shower max should be done assoon as possible because the rate of events into Level 3 will be too large tohandle if it is not done.Status: We specifically rejecta) direct gamma candidate events which have an obvious pi-zeroin the tower,b) events which do not pass a chi-square cut as being directgamma or electron,c) events in which the direct gamma candidate is too close toboundaries (outside fiducial cuts)d) events which have a "splash" of hits in multiple areasof a single shower max box and are not reconstructable off-line.

283.2.4.2.3 L33.2.4.2.3.1 Vertex positionRequirement: EMC requires knowledge of the beam centroid position at thetime of each event to within 0.3 mm.Justification: A momentum resolution for TPC tracks of better than 12% at40 GeV (rms) is needed in pp running. This is for electrons from W and Z.There is a similar requirement for leading particles in jets in pp and pArunning. Also, full acceptance from 80% of the interaction diamond isneeded at eta from -1 to +2.Status: Implemented through tracking TPC data at L3. The SVT may not beuseful for every event in this case.3.2.4.2.3.2 Sector based DAQRequirement: Upon a Level2 accept, EMC shall supply the EMC data to24 TPC Sector Crates for correlation with TPC tracks and/or passing toDAQ .Justification: The amount of processing to do the correlation with tracks islarge and can best be handled by multiple processors operating onindependent parts of the TPC data.Status: : The data path for EMC to DAQ is through the 24 sector crates.3.2.4.2.3.3 Electron identificationRequirement: reconstruct electrons in the trigger with sufficient resolutionto make E(emc) vs P(tpc) cuts.Justification: to get the trigger rates down to acceptable levels.Status: Under discussion and simulation.3.2.4.2.1 Calibrations - standard path3.2.4.2.2 Busy - standard path3.2.4.3 RatesRequirement:Maximum average rates into Level 1 from EMC shall be less than 10 Khz.Maximum average rates into Level 2 from EMC shall be less than 2 KHz.Maximum average rates into Level 3 from EMC associated with TPC shallbe less than 100 Hz.Maximum average rates into Level 3 from EMC not associated with TPC shall

29be less than 1 KHz.Justification: Monte Carlo Studies of high Luminosity pp have indicated that theabove rates will allow the physics to be done. The above assumes that the jet ratesare prescaled with multiple thresholds, except no prescale for the highest energyjets.3.2.5 TOF3.2.5.1 Timing - no requirements3.2.5.2 Interface to triggerRequirement : Get multiplicity data from TOF into Level 0Justification : TOF displaces our primary detector, the CTB, in trays where weplace TOF detectors.Status : We take TOF paddles in groups of 25 (i.e., half tray) and put each PMTsignal through a discriminator to determine whether it was hit or not, giving eachPMT 1 bit. Then we sum the 25 bits to return one 8 bit word that is sent to Level 0over the same electronics used by the CTB that would have resided in that tray.3.2.5.2.1 L3Requirement: Combine TOF data with TPC data to make trigger based on PID.Justification: PID requires TOFStatus: Implemented in sector based DAQ.3.2.5.2.2 Calibrations - standard path3.2.5.2.3 Busy - standard path3.2.6 Slow Controls (SC)3.2..6.1 Data archivingRequirement: Archival data from the trigger detectors and trigger processor shall bemade available to the slow controls interface for monitoring and archivingJustification: Long term monitoring of detector performance and detection of faultconditions are a necessary part of the trigger/experiment design.Present Status: Under discussion with slow controls group. Provisions made in thetrigger architecture either through shared memory access or special event typeinserted in data stream.

303.2.6.2 Detector control and monitoringRequirement : Need to monitor and set HV for each PMT.Justification: Need to control gains and operation.Status: Under discussion with EMC, TOF, CTB and VPD people.3.2.7 Experiment Control3.2.7.1 CommandsRequirement: Trigger shall establish a protocol with EC for handling commandssuch as CONFIGURE, START, STOP, ABORT, PAUSE, RESUME.Justification: EC must be the overall experiment coordinator.Status: Under discussion with EC. We expect the configure command to lead tocomplete configuration of the trigger system, which will be done at the start of eachrun. This command sets up a list of files that are then executed under trigger controlto load prescales, FPGA code, L1 and L2 algorithms.3.2.7.1.1 ConfigurationRequirement: EC must be able to configure trigger for specific runs.Justification: Physics and calibration demands require coordination by EC.Status: Under discussion. Issues like rate control and calibration runs will bedealt with through configuration files.3.2.7.2 HandshakesRequirement: Trigger must be able to inform EC of its internal status upon request.Justification: This allows EC to coordinate the experiment.Status: Under discussion.

31HISTORY Appendix:last update 1 Feb 1995Requirement: Trigger must provide a summary of the multiplicity in each crossing for a fulldrift time preceding and following each triggered event that involves the TPC. Trigger mustbe able to reject any event based on the total multiplicity in any preceding or followingcrossing up to the full drift time of the TPC.Justification: Individual tracks in the TPC point back to a primary vertex on the beamlinewith an accuracy (sigma,rms) of no better than 1 cm. Thus, even when the system isrunning smoothly we will need to reject events with vertices closer than a few cm (250ns indrift time) to the interaction of interest. At turn on, it is necessary to guarantee clean singleevents in the TPC to allow software development to proceed with relative ease.Present status: The trigger provides a multiplicity for each crossing as part of the Level 0decision process. This multiplicity word is stored just like all other trigger words in a RHICsynchronous pipeline having a length of 100ms. (1 M long). If we record the 2 byte wordfor each preceding and each following crossing for an interval of 100 micro-sec, this adds4kB to the event.It is also possible to read out the whole trigger data set (2kB max) for each of thesecrossings, or for any subset of this number. This is the crucial issue to be decided. Howmuch history is desired?from S.Klein:I think that we should divide the drift time into two periods. The first, ~ 250 nsec ~ 1 cm,is the period during which it is possible to, based on tracking, not tell that there are twovertices, or even assign some fraction (1%?) of the tracks to the wrong primary vertex. Iwould argue fairly strongly that these events should be rejected unless they otherwise lookextremely interesting.The second time period is the full TPC drift time before and after the event. Here, the maineffect is to increase the TPC occupancy, and hence degrade the tracking. Here, there needsto be some subdivision, because a 10 microsecond time difference gives a fairly serious87% overlap, while 70 microseconds is only 12%, a hopefully negligible amount. But, inthis period, overlaps are generally less serious, and also it doesn’t seem necessary to recordmultiplicity data from each individual crossing - saving total multiplicity in 1 microsecondincrements should be OK. I’d really like to see some estimates by the tracking people as tohow much extra, out of time tracks hurt the tracking.from M.Botlo: maybe you should ask emc on this: I could imagine that they would like to have morehistory info (i.e. more crossings before/after). there could have been a tpc triggered eventbut since the tpc integrates over many crossings, EMC could have seen another event ofinterest to them. if this event is not too far away (in time) from the tpc event, they havegained an event for them (almost) for free - if they have trigger info for this particularcrossing (or this + 1 before + 1 after).

32LASER EVENT Appendix:last update: 31 May 1995from H.Wieman: The laser has a large latency time but it can be made to fire precisely timed with respect to the RHIC clock by externally triggering. The operation would be as follows. A pretrigger is issued to the laser to fire the flash lamp. It then takes about 200 microseconds of flash lamp time for the population inversion to build up to a maximum. A trigger is then issued to the Q switch and the laser pulse occurs probably within a few to tens of ns of when the Q switch trigger was issued. The laser pulse time jitter relative to the Q switch trigger is about 1 ns. This should make any trigger system happy and corresponds to only 60 microns of z jitter in the track location. The 200 microsecond delay between flash initiation and Q switch should be held constant to the per cent level just to maintain uniform pulse to pulse performance of the laser.from H.Crawford: Trigger plan: TPC will issue a special trigger request by raising a level on the line for special triggers from the TPC. TRIG will note this request and issue a "special trigger" through the normal trigger distribution scheme when the system is ready to accept such a trigger. TPC will take this trigger, decode the command and trigger words to realize that this is the trigger it requested, and then initiate the actions that lead to an appropriate event. TRIG will inform DAQ after a delay appropriate for this trigger type. Since the laser latency is only 200 microsecs, which is small compared to the normal 10ms it takes to process a TPC event, we could use the same delay that is normal for informing DAQ of a trigger. We assume that the normal BUSY circuits will be employed, again since the 200 microsecs does not represent any large time perturbation on the system. Howard has said that he may want to take a series of such triggers. Presumably this can be accomplished by simply leaving the special trigger request line high so that as soon as the system is not busy, another special trigger would be issued.Comments?From Howard Wieman - 1 Feb 95:Me again, we will probably issue separate commands for each laser flashbecause we have to run the laser at roughly 10 Hz when it is operating.If we miss a few flashes because of a busy it is not a problem. We willflash the lamp but not open the Q switch. Howard WFrom S.Klein 31 May 1995The "laser pulse time jitter relative to the Q switch trigger is about 1 ns." is not true for areal application. The actual output pulse timing changes by 20-30 ns as the laser amplitudechanges. This necessitates inclusion of a TDC to tell the relative time of the laser firing with

33respect to the RHIC strobe. There is a potential complication for the laser firing crossingRHIC strobe boundaries.

34EMC Appendix:June 21, 1995.Summary Document of EMC trigger data flowBill Christie, BNLThis document is in response to a request from the STARtrigger group to supply a data flow document for the STAR Electro-magnetic calorimeter. I’ve attempted to pull together informationfor this document from the STAR EMC Requirements Document (datedAug. 10, 1994, and from various other sources.Level 0-------The EMC will provide the following data to the triggerhardware for the level 0 trigger decision:* Single Tower Energy - There will be 3 bits provided on single towerenergies. These 3 bits correspond to whether or not 3 different,programmable, single tower energy thresholds have been exceeded.* 2x2 (4) Tower Sums - There will be 3 bits provided on the energyin 4 tower sums. These 4 tower sums will either be all possiblecontiguous 4 tower sums or else all non-overlapping sets of 4tower sums. These 3 bits correspond to whether or not 3 different,programmable, 4 tower sum energy thresholds have been exceeded.* 4 x 4 (16) - There will be 3 bits provided on the energy sumfor all possible configurations of 2x2 sums making 4x4 towersums. These 3 bits correspond to whether or not 3 different,programmable, 16 tower energy thresholds have been exceeded.* Global "Et" - There will be 3 bits provided on the energy sumfrom all towers in the barrel EMC. The quantity Et has been putin quotes to denote the fact that this global sum is the sampled(up to ~ 6% max) energy deposited in the EMC due to both electromagneticand hadronic incident energy. These 3 bits correspond to whether or not3 different, programmable, Global energy thresholds have been exceeded.* Absolute Global "Et" - A digitized Global "Et" value of 12 to 16 bits.* Isospin patches - The digitized Et in patches of towers will be passedto the trigger at level 0. Whereas at L1 and above the size of thesepatches will be variable, this L0 information will most likely befor fixed tower sums. At this point our presumption is that "square bins"with lengths of something like 1 in eta by 1 in phi (patches of 100towers in the barrel, ~ 90 towers in the endcap) are probably appropriate.

35* Luminosity monitor - There will be ~ 3 bits passed to the triggerfor use in luminosity monitoring. The idea is that these bitscorrespond to something like a fairly low (e.g. 3 GeV) high towerthreshold. These bits would generate a 0 action word for the triggerand would be used to increment scalars.Level 1On a level 0 accept the EMC will ship the digitized pulseheights (ADCs) for all of the barrel and endcap phototubes to amemory location on the electronics carts. This will be done usingone optical fiber link for every 20 phototubes (pmt) in the initialimplementation and may go up to 60 phototubes/fiber if depthsegmentation is eventually used (N.B. with the possible upgrade to3 depth segments for each tower, one gets 60 ADC values for each6 degree phi wedge in the EMC barrel). With the Barrel (1200 towersx 3 tubes/tower) and Endcap (540 towers x 3 tubes/tower) one willhave a maximum of 87 fibers. At 25 ns per 16 bit ADC valuethis transfer will take a maximum of ~2 us (60 towers/fiber x 25ns = 1.5 us,20 towers/fiber x 25ns = 0.5 us).In the initial implementation of the electronics (without thelongitudinal segmentation) and using 1 us (could be longer) for thelevel 0 decision, ~0.5 us for the data transfer, and ~1.5 usfor various latencies, this data will be available for level 1trigger processing in ~ 3 us. With the upgraded longitudinal segmentationthe data would be available in ~ 4.0 us (1 us L0 + 1.5 us data xfer +1.5 us for various latencies).The SMAX data will also be passed off of the detector viaGlink fibers on L0 accept. The data passed per fiber for the SMAXis ~ 4 times that passed for the EMC phototubes. As such this datawill be available for processing off of the detector ~ 16 us afterthe event.The total volume of EMC data passed off of the detector foreach L0 accept will be ~ 10.44 kB for the towers (60 (pmt/fiber) x87 (fibers) x 2 (B) = 10.44 kB) and ~ 40 kB for the SMAX.It is during the L1 trigger processing that the finerbins can/will be used to look for significant isospin fluctuations.As all of the CTB/TOF data and all of the EMC data is available forcalculations, one can look at the ratio of energy in the EMC to thecharged particle multiplicity in whatever detail necessary.With the EMC and CTB data one can also look for likely jetevent candidates at L1. The characteristic that one would be lookingfor is a localized region of energy with an area (in eta-phi) of somethinglike 1.5 units**2. The discriminating power of this calculation isyet to be determined.One also has significant discriminating power at L1, usingthe EMC and CTB/TOF data to reject events which passed an electronor direct gamma trigger at L0. This is done by applying an isolationcut around the high tower that triggered the L0 trigger, where oneuses either just the energy in the surrounding EMC towers or perhaps

36some combination of the energy in the surrounding towers and themultiplicity of charged tracks in the region of interest.Between the time when these rather fast calculations are doneat L1 and the time when tracks become available from the L3 trackingin the TPC, one could perform chi-squared cuts on the shape of theshowers in the SMAX to select or reject events consistent withelectrons or direct gammas.SOME INFORMATION ON STAR EMC TRIGGER RATES( mainly for high Lum. pp running)and some assumptions.D. UnderwoodThis is to go with the note about EMC trigger informationWritten by Bill Christie June 21, 1995-------------------------------------------------------------------process level 0 trig. good physics-------------- ------------- ------------ W 4 Hz .03 Hz root(s)=500pt > 20 GeV-------------- ------------- ------------- Gamma ~ 100 Hz ~ 1 Hz root(s)=200pt > 5 GeV-------------- ------------- ------------- Jet > ~ 100 Hz > ~ 100 Hzroot(s)=500pt(EM) > 10-------------- ------------- ------------- Jetpt(EM) > 5 ~ 2000 Hz ~ 2000 Hz (but keep 100 Hz high pt ones)------------------------------------------------------------------Note that the EMC only triggers on a fraction of the Jet energy.-----------------------------------------------------------------HARDWARE LIMITS input output 10 ^ 7 Hz LVL 0 10^4 Hz LVL 1 limit by grid reset, FPGA processing LVL 2 100 Hz gives 100% TPC readout deadtime LVL 3 computing Tape 1 to 100 Hz, depends on TPC data----------------------------------------------------------------ASSUMPTIONS

371) L0 has no deadtime2) A L0 accept triggers readout of EMC data through Glink fibers into token addressable memory3) there are 60 fibers reading the barrel EMC data and 60 more for barrel shower max and 24 reading the end cap EMC and 24 more for end cap shower max.4) the L0 physics accept rate is 2000 Hz for EMC and 200 Hz for SM plus perhaps 10000K just EMC events, some of which have nul action word and are used to scale luminosity, and some of which go to tape. ( We assume that the 2000/sec includes the jet triggers along with thegamma and electron triggers.. We can save a lot of processing and datatransfer by only reading in sh. max for gamma or electron triggers. )5) For jet-jet we need the whole TPC, all sectors, For gamma-jet we need the half opposite the gamma plus an area around the gamma to make isolation energy cuts. For W we need isolation cuts and might try a crude Et. These are a small fraction of all triggers anyway. For isospin we make better corrections for charged particles by using tracking for counting tracks per tower.6) We don’t yet know if we need a lot of the TPC raw data or just cluster information for the tracks found in level 3. This depends on what momentum resolution is achievable without raw TPC information.Requirement: EMC requires that the VPD counters be in Level 0.Justification: The Luminosity monitor and Physics events must have the same vertexcuts in order to do normalization. A larger part of the diamond thancan be accommodated by SVT is needed.Requirement: EMC shall make correlations with CTB/TOF at two stages of thetrigger. a) in Level 0 using hit counts from CTB slats andEMC isospin patches (approximately 1 unit in eta by 1 unit in phi)b) in late Level 1 or in level 2 using analog multiplicity fromCTB with EMC PMT data in programmable patch sizes.Justification: The best physics calculations possible at each trigger stage are madein order to reduce the rate into the next stage of the trigger.Requirement: It shall be possible to process built events to thefollowing extent before writing to tape:a) Corrections to EMC to get neutral energy when there are

38 charged tracks hitting the calorimeter must be made.This involves both tracks within a sector and crossing sectors.b) Energy based isolation cuts around direct gamma candidatesmust be made using both neutral energy and charged tracks.This involves both tracks within a sector and crossing sectors.c) Jet energies must be calculated using neutral energy plus TPC tracks.This involves both tracks within a sector and crossing sectors.Justification: The bandwidth to tape may be exceeded if we are not sufficientlyselective in choosing quality events. We cannot do the physicsif a high percentage of good events are lost due to the bandwidthto tape being saturated by non-useful events.This is most critical in high Luminosity pp running, but may applyin other cases as well.Requirement: It shall be possible to histogram the results of calculationsin level 1 and level 2 for event rates much higher than the Level 3 event rate.Justification: The EMC physics goal here is to look at the correlation between thenumber of charged particles and the associated Et. (I discuss firstintegrating over the full acceptance of the CTB/EMC - |eta|<1. Note thatthis discussion is NOT directed at ’jets’, rather at global,’soft/thermal’ physics.) There are some simple arguments that themean Pt/particle should change as one crosses phase-transition boundaries(eg hadrons -> mixed -> plasma). E(EMC)/N(CTB) gives a reasonableapproximation to this. What we would like to do is to plotthis ratio on an event-by-event basis to see if there are slope changes, orchanges in the width of the distribution as E(EMC) changes.Because of the low energy of most of the charged particles that enter thecalorimeter (low for usual uses of a sampling calorimeter), the STAR EMCresponse for these kinds of events has significant contributions from bothcharged particles and photons/electrons. As Bill Christie has shown insimulations (SN???) this behavior and the large statistical samples availablein a single event can be used with the CTB multiplicity to make a statisticalseparation of the observed ’energy/pulse height’ into its charged andelectromagnetic components. This has led us to suggest that the ratioE(EMC)/N(CTB) is also sensitive to possible variations in the neutral/chargedpion production. This has also been simulated by Christie (SN???).We note that both the EMC and the CTB are ’fast’ devices (response times inthe 10 nsec range), and that in total the channel count is less than 2000(1200 EMC; ~400 CTB). A single event consists of < 4KB. The total interactionrate for AuAu events is expected to be about 5K/sec, and the ’centralcollision’ rate is usually taken to be about 10% of that, or 500/sec. We wouldlike to record all of the central collisions in our histogram and a roughlyequal number of the non-central events for a total rate of about 1K/sec.

39The bandwidth requirement is thus about 4MB/sec. Note that this bandwidth isin some sense ’internal’ in that it does not go to tape. We need to be able toexamine the histogram as it is accumulating (from some workstation), and towrite it out to some tape at an interval of an hour or so. (It could bewritten to the data tape with other end-of-run data, for example.)How to justify this in terms of statistics? Note that the resolutions in E(EMC)and in N(CTB) for central collisions are approximately equal at a sigma of 3%.Using a rule of thumb that one should have 5 bins or more per full width of apeak, we find a bin width in the vicinity of the CC data of about 0.7%. Thuswe require about 200 bins in each of two dimensions - 4 10**4 in total. Notall of these bins are occupied; let’s assume ~10% are. Then we have(10**3/sec)/(4 10**3) = 0.25/sec/bin = 900/bin/hr = 20000/bin/dayor a result with statistical error of just under 1%/bin/day.This only provides an estimate; it does not account for the gaussian shape ofthe distribution, nor of the need to probe the tails of the distribution. Thatmust be left to more simulations.It should be strongly emphasized that this kind of study will permit us torapidly (days?) determine interesting thresholds on the EMC/CTB ratio whichcan then be used to select events with full detector readout. Without thismechanism, we would have to wait for acquisition of a similar sample from theTPC data stream, 1000 times as long.This does not pretend to be a complete document. The connections with triggerand DAQ need to be worked out. (Action words, busies, prescales at level-0,etc)