A Fast Trac k Trigger f or the H1 Exper iment

On level 3 invariant mass combinations are calculated to identify decay products of exclusive final states. By means of commercial PowerPC boards this task can be performed in a flexible and easy to maintaining way within 100μs. The quality of tracks, ap_t resolution of and a ϕ resolution of

, allows an invariant mass reconstruction of particles e.g. D^0, J/Ψ of better than100 MeV.

ϕ resolution of FTT tracks p_t resolution of FTT tracks

σ_{pt} p_t

------ 0.04 p_t GeV ----------- ≈ σ_ϕ 5mrad ≈

32-bit data words with the parameters of the track segments are sent to the Level 2 track linking engine via a 2Gbyte/s optical link. They populate entries in a −ϕ -histogram . Entries from each trigger group are presented to a CAM.

A searching unit looks for clusters in the

−ϕ -histogram using a sliding window technique. A valid match requires a coincidence of at least two out of four trigger groups and is stored in a dirty CAM to avoid double processing of found tracks. The final track parameters are optimized by fitting the track segments using a DSP (digital signal processors). The fit is performed in the rϕ− plane and the rz-plane separately. In addition, quantities like sums of transverse momenta e.g. , and the number of tracks or topological properties are computed for level2 trigger decisions.

The FTT is able to reconstruct 2 million tracks per second and to process 40,000 events per second.

Realisation of the track linker

1 p_t⁄

1 p_t⁄

p_t∑ p_t∑

A track linking example

At HERA bunches of protons and electrons collide every 96ns. The H1 trigger system is organized in several successive stages (L1 - L4) with increasing decision times.

Level 1 (Decision time 2.3 μs): Each sub-detector stores its data in a pipe-line with a depth of 23bunch crossings. In addition, trigger bits are sent to the central trigger, which calculates logical combinations. Once a trigger condition is fulfilled (L1_KEEP) the pipe-lines are frozen. Dead time starts to accumulate. This first stage requires a decision after 2.3μs, which is the time limit given by the depth of the pipe-lines.

Level 2 (Decision time 25 μs): Once the event is accepted on level 1 a more complex analysis of the event candidate is performed. Selection criteria are derived from special topological patterns or the response of neuronal networks. A level 2 decision has to arrive within 25μs. If an event is rejected (L2_REJECT) the pipe-lines are immediately enabled again, otherwise the pipe-lines are read out.

Level 3 (Decision time 100 μs - 800 μs): This trigger level is based on software filters running on commercial processor boards. Presently this trigger option is not enabled in H1.

Level 4 (Decision time 100 ms): A farm of PowerPC processors is available to reconstruct events completely. On the basis of this information several software filters perform a physics oriented selection. Events that are accepted by the filter farm are permanently stored on tape.

Schema of the H1 trigger system

Typical Event Rates

Measurements of rare processes motivate the HERA luminosity upgrade in the year 2000. A factor of about 5 more luminosity is expected. Trigger rates for events with high momentum transfer (Q^2) will remain modest and will cause no problem. In contrast triggering of exclusive processes e .g. heavy quark production is challenging since the production cross-section is highest for small momentum transfers. Inclusive trigger for those channels are even now downscaled at early trigger levels to keep the trigger rates acceptable.

Exclusive trac k based trig gering is necessar y to provide better selectivity after the HERA upgrade .

Typical Rates

Analog drift chamber signals are digitized by FADCs. Drift times and charges are calculated online by the Qt algorithm in real time . High density FPGAs provide the necessary speed and flexibility for programming.

Drift times are synchronized with a frequency of 80MHz into shift registers with a depth of 128bit. The patterns stored in the registers are compared to valid patterns, which can be represented basically by straight lines in the left figure. That procedure has to resolve the left-right ambiguity. Each pattern points to an address in a lookup table where the corresponding parameters of thistrack segment are held. Sharing of information between adjacent cells is needed to find track segments especially from low momentum tracks that often cross the cell boundaries. CAMs are preferred devices to solve the high speed pattern match. In addition, thez-information of the track segment hits have to be kept to determine the polar angle of the track on level2.

Patterns which are valid only for a single bunch crossing allow to generate a trigger signal for the first level trigger L1. Due to the amount of valid patterns the match is done in two steps with increasing granularity of the shift register.

Insertion of hits into shift registers

HERA and H1 Detector

At the HERA accelerator at DESY collisions of protons and electrons (or positrons) are studied at a centre of mass energy of

GeV. The H1 detector is a multi purpose detector to study particles produced inep collisions. The interaction zone is surrounded by silicon detectors in order to provide most precise vertex information. A complex system of wire chambers is used to identify tracks of charged particles. This tracking system is placed inside the H1 calorimeters consisting of a liquid-argon-calorimeter covering the central and forward region and a leadfibre-calorimeter in the backward region. A superconducting coil is built around the calorimeters and the trackers. Muons are identified in the instrumented iron yoke and in the muon spectrometer.

Side view of the H1 Detector

s 320 ≈

H1 Trigger System

The H1 central jet chamber consists of two separated cylindrical drift chambers (CJC1 and CJC2). The total number of signal wires is 2640. The inner chamber has 30 cells with 24 layers while the outer one has 60 cells with 32 layers each. A Fast Track Trigger (FTT) is proposed to provide selectivity on the basis of drift chamber tracks.

In order to reduce the complexity and the cost of the Fast Track Trigger project only a subset of wires is included. The trigger wires are organized in groups of three wires forming a trigger group . The layers used in one group are e.g. 2,4,6. There are four trigger groups in total , three in CJC1 and one in CJC2. The number of read out channels is 900 since each wire is read out at both to allow charge division forz-reconstruction.

R-ϕ− view of the H1 central jet chambers

Jet Chamber and its use f or FTT

Flexible and programmable chips are required to fulfil the demands of the project in the different stages.

New generation FPGAs

Optical Fast Link

Between the level1 and the level 2 part a high speed optical link is required. Transfer rates of 2 Gbyte/s are necessary.

CAMs

A key technique for the FTT are the new CAM (content addressable memory) devices embedded in logic. They are ideal for all pattern match problems.

Principle:

In the encoded mode the address of a search object is given.

In the unencoded mode the response is a bit pattern which contains the position(s) of the search object.

Processors

The market offers very powerful processors for an acceptable price. Standard processors with a speed of 500 Mhz and more are available. If high arithmetic power is required many processors can be used in a processor farm. Those farms have become standard equipment in high energy physics experiments.

Modern FPGAs are available with very high density and 1 million to 2 million gates. One example device is the Altera20KEPLD. A big advantage of this chip is the possibility to configure so called embedded system blocks (ESB) as internal CAMs.

Another example is the new series from Xilinx. These chips also provide special included functionality e.g. CAMs

D^*→ D^0π_{slow} → Kππ_{slow}

As an example, the decay of D*→ D^0 π_{slow} → Kπ π_{slow} has been studied in detail. At HERA the D* is mainly produced in boson gluon fusion. This channel offers interesting physics analysis options, e.g. measurement of the gluon content of the proton and therefore a precision test of QCD predictions. In some cases the D* may also stem from the decay of B-meson and is therefore a tag for b-production. Triggering this channel is also a technical challenge since a momentum reconstruction with reasonable resolution must work down to values of 100 MeV to achieve high selection efficiency.

With relaxed cuts on the L3 event selector a large fraction of the D* candidates is triggered. The large flexibility provided by the L3 software filter offers the optimal compromise between selection efficiency and rate reduction. Existing simulation tools allow already now detailed studies on the selection power and the reduction rate and allow comparisons to fully reconstructed events. Beam conditions and backgrounds at the upgraded HERA accelerator are uncertain. Also with rather conservative assumptions the FTT offers a great gain in statistics. An efficiency compared to the full reconstruction better than 70% seems to be reachable. A moderate output rate after the L3 selection well below 10 Hz at peak luminosity fits well to the input bandwidth of the L4 filter farm.

c quark production

Comparison between H1 data and the simulated FTT response.

The FTT project is a rather complex project and presently proposed to the funding agencies. The estimated costs are in the range from 1 to 2million DEM. Responsibilities are shared between following institutes:

• University of Birmingham, UK • Deutsches Elektronen Synchrotron, Germany • Universität Dortmund, Germany • Lancaster University, UK • University of Liverpool, UK • University of Manchester, UK • Rutherford Appleton Laboratory, UK • Queen Mary and Westfield College, UK • Eidgenössische Technische Hochschule Zürich, Switzerland

Other Examples

A second example is the production of J/Ψ vector mesons. The FTT allows the extraction of exactly two tracks on level2 and an invariant mass of 3 GeV on level3. The exclusive trigger strategy offers a high reduction in rate while the trigger efficiency is about 60% compared to the full reconstruction. Further examples are given in a table:

Table 1:

Process

Efficiency with FTT [%]

Efficiency without FTT [%]

D* decay (DIS) 50 - 80 1

D* decay (γp) 40 - 65 1 ρ → π^+π^− 80 2 J/Ψ → μμ (ee) 60 (12) 3 (1)

Υ → μμ (ee) 60 (12) 3 (1)

W→ μν 70 3

Comparison between H1 data and FTT response .

Motivation

FTT Level 1

FTT Level 2

Implementation of the FTT Techniques Physics Benefits & Results

Institutes

2.3μs25μs100 - 800 μs

FTT Level 3