A Fast Track Trigger with High Resolution for H1
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The Universities of Birmingham, Lancaster, Liverpool and Manchester,
Queen Mary and Westfield College of the University of London
and the Rutherford Appleton Laboratory

with

RWTH Aachen (I and Il Institutes), Humboldt University Berlin, Universities of Brussels, Cracow and Dortmund, CEA Saclay,
DESY-Hamburg, DESY-Zeuthen, Universities of Hamburg (I and Il Institutes) and Heidelberg, MPI Heidelberg, Universities of
Kiel, KoSiceand Lund, CPPM-Marseille, ITEP Moscow,
LPI Moscow, MPI Munich, LAL Orsay, Ecole Polytechnique, Universities of Paris VI and Paris VII, Institute of Physics, Czech
Academy of Sciences, Prague, Nuclear Center, Charles University of Prague, University of Rome, PSI-Villigen, University of
Wuppertal, ETH Zirich and University of Zirich.

The proposal is to build a Fast Track Trigger (Fiar)implementation in H1 aftehe luminosity upgrade in 200This trigger
is aimed at enhancing the triggefficiency for exclusive physics ithe absence of ankigh p; particles, with the intention of

making precision measurements of rare processes and fully exploiting the high luminosity at HERA. It represents one of the n
ambitious attempts to reconstruct tracks with high precision down tplowthe real time environmenecessary foriggering

purposes inhigh multiplicity events at a collider. Furthermore, extreméigh selectivity will be achieved bgnabling
combinations of tracks and triggering on the basis of invariant mass calculations.

The main thrust of thérst round ofphysics at HERAhasbeen concerned witthe new kinematic regions dbw x proton
structure, real and virtughoton structur@and thestructure of hadronic interactions. The present luminosityERA, close to

the original desigvalue,has madegossible precision studies of many inclusive aspects of such physics. Nwableen the
measurement of parton densities at loim the proton where the partorsgstemhas the highest dsity so farobserved. As yet,

no conclusive evidendeasbeen found for any anomalous behaviour; improving precision will allow detailed studies of regions
in which small discrepancies with respectStandardModel predictions have beasbserved.The partonic structure of the
photon hadeen probed with a precisi@nd kinematicscopewhich, forreal photons, is similar tthat achieved at LEP and
which, for virtual photonsfar exceedghat of LEP. TheQCD structure of hadronic interactions in which there is©a scale

has been probed for the first time and, as a result, new tests of QCanthdavinsight into theQCD dynamics othe bulk of
hadronic interactions obtained.

The luminosity upgrade MERA is motivatedprimarily by physics athe highestQ? and pt2 scalesand theneed to explore
possibleanomalies, includingnter alia, thetwo standard deviatioexcess abov8tandardModel expectation afhe number of
neutral currenevents athe highes? and x = 0.4 and the unexpedty large number oévents in whichhere is an isolated
lepton with largep; along with substantial missing. However, measurements of exclusive processes at l@feiin the

kinematic region ofow Bjorkenx, such asheavy flavourproduction, stillsuffer from a lack oflata andhence precision. A
major step forward in such physics, includitig possible observation of new QQihenomena in this region bigh parton

density, would come frorthe ability to select such processes efficienthyraggerlevels 1, 2and 3(L1, 2.3us, L2, 25us, and

L3, 800us). Suitable triggersan beachieved by exploitation of the topologi@ald kinematideatures othe events ofinterest.

H1 is already implementing a substantial improvement in ttpmlogical discrimination of its liquicargon calorimeter
triggering by improving the spatial resolution of triggers ataintl L2 andfull exploitation of such topologicand kinematic

properties will be possibleith the addition of thegroposed Fastrack Trigger, aslescribed inthe attachedProposal to the
DESY PRCand theaddendum thereto.



The UK groups wish to take charge of the desigdconstruction of the Lpart of the FTT, illustrated in thiggure below. As
outlined in the attached documents, the aim is to have track information from the CJC with which to make basic selections at
full track based selections at L2 and kinematic selection at L3 (the latter in around 100 us)systenldigitises the analogue
signals fromthe drift chamber, carriesut in parallelthe “Q/t” analysis, performs local track segment findingast FPGA
arrays and the L1 trigger logic within 2.3 ps, before distributing the segment information approfoidtedyiater track linking

and fitting in the L2 system.

The resources necessary for the L1 syssme summarised in thtable belowand amount t&€260kand 4staff years of effort
from CLRC @long with effort from DESY and ETH Zirich to implementhe L1 track segment findingnd L1 trigger
functionality). The totalcost ofthe FTT project is some 2 MDMwith the desigrand construction of the Land L3 systems
being the responsibility of our German and Swiss collaborators, who are funding this project at the level of 1.2 MDM.

We requesthat theParticle Physic&xperiments Selection Panel agre¢h® provision of £260knd 4staff years of effort from
CLRC to support this proposal.
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Figure - Sketch of proposed FTT hardware with L1 system (UK responsibility) highlighted.

Item Quantity Cost (£) Effort (SY) Source of effort
Analogue Dcg daughter card 15D 30k 1 RAL*Manchester
L1 Front-end Modules 30 135k 3+1| RAL*/RAL PPD
Coding track segment finding algorithm - - 2 | DESY/Zirich
L1 crate control processor 2 10k - -
Control software and interfaces - - 1| RAL*/Manchester
L1 service module/trigger card 10k 2 Manchester/Birmingham
Crate (compact PCI) 20k - -
Cabling varioug 10k -
Workstation and interface 5k - -
Trigger algorithms and simulation - 2.5 Birmingham/DESY
VAT @ 17.5% 40k
Total 260k 4*+8.5

Table - Cost of Fast Track Trigger Ldystemexcluding contingency (cost &font-end Module dominated by underlyiogst of
large high-speed FPGA, £3k per module assuming 50% reduction compévddyts pricespndeffort required to implement

it.
* Effort requested from PPESP.




