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Abstract

This document gives an overview of the CDF trigger and the XTRP system.

1 Introduction: The CDF Run II Trigger

The CDF front-end electronics, trigger and data acquisition system are being completely

revamped in order to keep up with the higher interaction rates anticipated in the main-

injector era of the Tevatron. The CDF trigger system has a three level architecture with

each level providing a rate reduction su�cient to allow for processing in the next level with

minimal deadtime. Level-1 uses custom designed hardware to �nd physics objects based on

a subset of the detector information and makes a decision based on simple counting of these

objects (e.g. one 12 GeV electron or two 1.5 GeV muons). The Level-2 trigger uses custom

hardware to do a limited event reconstruction which can be processed in programmable

processors. The Level-3 trigger uses the full detector resolutions to fully reconstruct events

in a processor farm.

Figure 1 is a functional block diagram of the three level pipelined and bu�ered trigger

system. To allow time for transmission and processing of the trigger signals to make the

trigger decision, there is a 5.5 �sec Level-1 latency. This requires each detector element

to have local data bu�ering for the 42 beam crossings (at 132 nsec separation) that occur

during the latency period.

If an event is accepted by the Level-1 trigger, the front-end electronics move the data to

one of four on-board Level-2 bu�ers. This is su�cient to average out the rate uctuations

and allow a 40 kHz Level-1 accept rate with � 10% deadtime for the anticipated 20 �sec

Level-2 processing time. The data acquisition system will allow the Level-2 trigger to accept

as many as 300 events per second. These are transferred to the Level-3 trigger processor
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Figure 1: The CDF trigger and data acquisition system. Data is acquired at the machine

period of 132 ns into a synchronous pipeline. The Level 1 decision is produced after 42 clock

cycles, at which point event processing becomes asynchronous.
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farm where the events are reconstructed and �ltered using the complete event data, with

� 50 Hz written to permanent storage.

Both the Level-1 and Level-2 trigger systems will be provided with detector information

not available in the respective Run I systems. These enhanced capabilities are required

to provide the rejection power needed for Run II while signi�cantly expanding the trig-

gers physics potential. The most signi�cant change for Level 1 is the addition of track

�nding. Previously available only at Level 2, tracks in the outer tracking chamber will

be reconstructed within 2.7 �sec after a �pp collision. This allows a track to be matched

to an electromagnetic-calorimeter cluster for improved electron identi�cation; a track to

be matched to a stub in the muon system for better muon identi�cation and momentum

resolution; and tracks to be used alone for triggers such as hadronic B decays.

The most signi�cant addition to the Level-2 trigger is the Silicon Vertex Tracker (SVT)

which will more fully exploit the physics potential of the high precision silicon vertex detector.

A major e�ort has been made to build this system that, for the �rst time in a hadron-collider

experiment, can trigger on secondary vertices. This will make accessible a large number of

important processes involving hadronic decay of b-quarks outlined above. In addition, the

SVT provides improved momentum resolution for tracks and �ner angular matching between

muon stubs and central tracks.

The block diagram for the Run II trigger system is presented in Fig. 2. The input to

the Level-1 hardware comes from the calorimeters, tracking chamber, and muon detectors.

The decision to retain an event for further processing is based on the number and energies

of electron, muon, and jet candidates, as well as the 6ET in the event. A Level-1 accept can

also be generated based on the kinematic properties of observed track pairs.

2 The Extrapolation Module (XTRP)

As can be seen from Figure 2 the focal point for much of the Level 1 trigger information is

the XTRP module. The XTRP system is currently under construction at the University of

Illinois.

The purpose of the XTRP is to receive tracking information from the XFT and distribute

the tracks and/or information derived from the tracks to the Level 1 and Level 2 trigger

subsystems. After receiving the tracks from the XFT, signals are sent to the Level-1 Muon

system (L1MUON), the Level 1 Calorimeter trigger (L1CAL), and the Level 1 Track Trigger

(L1TRACK) as shown in Fig. 2. The tracks are also put into a pipeline and upon receiving

a Level 1 accept are sent to the Level 2 processor. The tracks then sent to the Level 2

processor and the silicon vertex trigger (SVT).

The XFT logically divides the COT into 288 segments, each covering 1.25 degrees. One

track is allowed per segment. Each track is represented by 12 bits:

� 7 bits of transverse momentum (pT) information: The XFT �nds tracks with

pT > 1:5GeV=c. The charge of the track is included as a part of these bits.
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Figure 2: The CDF trigger system. Trigger primitives are acquired from the detector ele-

ments and lead to a Level 1 decision. In the case of the hadronic trigger, the XFT �nds

tracks in the COT, which are in turned passed onto the Track Trigger (L1 Track) by way

of the XTRP. Information from the silicon microvertex detector (SVX) is included in the

Level 2 decision.
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� 3 bits of \local phi": The azimuthal angle (�) of the track is known through a

combination of wedge information and the local phi bits.

� 1 isolation bit: This indicates whether or not there were other tracks nearby in �.

� 1 superlayer 6/8 bit: This indicates that a found track did not pass through the

outermost layer of the COT, indicating a track at larger pseudo-rapidity (j�j > 1).

� 1 unde�ned bit: This bit is reserve for future use.

These 12 bits of information are shipped from the XFT to the XTRP for every found track.

For each track, the XTRP calculates the relevant information required by other systems

to construct trigger objects. For example, muon primitives (tracks in the central muon

chambers) are found at the same time the XFT is �nding tracks in the COT. The XFT

tracks are sent to the XTRP, which informs the L1 Muon trigger where all of the tracks

extrapolate to the muon systems. The de�nition of a muon object in the trigger is a track

in the muon chamber that is consistent with an extrapolated central track. It is the XTRP

which determines all of the valid extrapolated locations. The same is true for the calorimeter,

where an electron is de�ned as a track plus an electromagnetic shower, and a photon as a

shower and no track.

The XTRP takes the tracks from the XFT and, through the use of look-up tables, ex-

trapolates the their trajectories to the calorimeter and muon trigger systems. The following

information is sent to the Level 1 trigger subsystems from the XTRP:

� Central Muon systems (L1 MUON). Each XFT track is extrapolated to the

radii of the CMU and CMX chambers by means of look-up tables. One or more bits,

corresponding to 2.5 degree segmentation, are set according to PT , �, and amount of

multiple scattering. These bits are sent to the Level 1 Muon Trigger system. Three

separate PT thresholds are available.

� Central Calorimetry (L1 CAL). XFT tracks are also extrapolated to calorimetry

towers. A set of eight bits for each 15 degree wedge segment is sent to the Cen-

tral Calorimetry Level 1 trigger. These bits correspond to eight separate momentum

thresholds. Track extrapolation is done using look-up tables so that tracks crossing

wedge boundaries are handled correctly.

� Level 1 Track Trigger (L1 TRACK). The Level 1 Track Trigger is an adjunct

to the XTRP. It resides in the same VME crate and provides Level 1 triggers based

on XFT track information only. The XTRP modules select tracks above a given PT

threshold and passes them on a bus to the Track Trigger. The total number of tracks

is counted. If more than 6 tracks are found an automatic Level 1 accept is generated.

If there are 2-6 tracks, the PT and � information is used to interrogate look-up tables

to generate various Level 1 triggers.

After sending out the Level 1 trigger information all tracks are put into a pipeline and

stored pending the Level-1 trigger decision. If a Level 1 accept is received the tracks are

latched into Level 2 bu�ers. All non-trivial tracks are then extracted and put into two

separate FIFO's for delivery to the Level 2 processor and to the SVT respectively.

5



2.1 XTRP Status

The XTRP has undergone a design and prototyping phase. A great deal of work of late

has been in the testing of the input/output interfaces of the XTRP as well as verifying the

functionality and behavior of the system at real clock speeds. Two of the more challenging

aspects of this system are:

1. Maintaining the proper timing between all of the input and output elements, which

reside in geographically distinct locations, ranging from the detector itself up to the

�rst and second oor counting rooms. The timing latency from detector signals to the

�rst oor counting room is more than two beam crossings operating in 132ns mode.

2. The on-board clock rate (33 ns) required to process all of the incoming data in time

for the Level 1 trigger decision.

The order for the production data boards (the workhorse of the system) was placed in mid-

February 2000. The assembled system will be ready for the CDF commissioning run in

August 2000. Before that time, full system integration tests will be ongoing at Fermilab.

The algorithms required to determine the extrapolation information for the tracks as

a function of momentum and angle are far along. Ongoing work now is to integrate the

algorithms into the standard trigger and database framework.

3 Level 1 Track Trigger

A key piece of the all-hadronic trigger path is the Level 1 Track Trigger module. This element

will receive tracking information from the XFT and generate a trigger decision based upon

the kinematic information from these tracks. As stated above, the bandwidth challenge in

the hadronic triggers is at Level 1, before the SVT can make a requirement on the impact

parameter of the tracks. This makes the Track Trigger a crucially important module in this

entire chain.

The requirements for the Track Trigger module are:

� speed: The decision must be generated within 350 ns of having received the data.

� exibility: As experience is gained with the hadronic triggers, it must be straightfor-

ward to modify the requirements of the Track Trigger.

� multiple paths: The module must be able to make decisions on multiple sets of

requirements (e.g. the Bs ! Ds�(3�) trigger requirements will be di�erent from the

B
0 ! �

+
�
� requirements.)

� scalability: The module should be designed so that upgrades may be added in the

future.
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The current plan for the Track Trigger is to utilize transverse momentum , charge, az-

imuthal angle and isolation to generate the Level 1 Track Trigger decision. Realistically, this

means that requirements can be made about minimum and maximum track opening angle,

minimum momentum, relative charge and track multiplicity.

Functionally, the Track Trigger module will use lookup tables loaded into static RAM.

These tables will take advantage of the azimuthal symmetry of the tracking chamber and

XFT. The lookups will be done based upon looping over pairs of tracks. In order to perform

these operations quickly, lookups for track-pairs will be done in parallel. The Track Trigger

will look at up to 15 possible pairs of tracks (all possible pair-combinations of up to 6 tracks)

and generate up to 16 di�erent trigger decisions.

Beyond design and fabrication of the Track Trigger, much of the work will be in developing

and testing lookup tables. Much of the machinery for lookup table development, creation

and use will be the same as the development done for the XTRP data boards.

The Track Trigger has been designed, but fabrication and testing will await the produc-

tion of the XTRP data modules.
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