An ImpactParameer Trigger for the D@ Experiment
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Abstract— We describe a trigger to be used by the DG Ex-
periment for selecting events with tracks having a large impact
parameter with respectto the collision point. This device utilizes
information from the Silicon Microstrip Tracker to provide
impr oved spatial and momentum resolutionsfor charged particles.
It is constructed of custom digital boards with programmable
processors.A common motherboard provides I/O and buffer
management and three different daughter boards perform the
tasks of identifying the roads from the tracking trigger data,
finding the clustersin the roadsin the silicon detector, and fitting
tracks to the clusters. This approach provides flexibility for the
design,testing and maintenancephasesof the project. A ~ 60 ym
impact parameter resolutionis provided to the trigger framework
in lessthan fifty microseconds.We present preliminary results
from the first weeksof test run of this trigger integrated with the
D@ trigger system.

Index Terms— Trigger system, Tracking system, Silicon detec-
tors, Impact parameter.

I. INTRODUCTION

RACKS with large impactparaneterscan be usedto tag

the decay=f long-lived particles,suchasB or D hadras
or 7 leptons. These particles bear essentialinformation for
mary interestingphysics topics, e.g. the presenceof b quaks
is a signatue for Higgs bosondecag and top quak decag,
and eventswith b quarls are relevart to the undestandingof
massgeneratio and CP violation. The ability to efficiently
singleout b quarkeverts will corsiderablyberefit solvingthese
fundamentalparticle physics prablems.

The D@ Silicon Track Trigger (STT) [1], appoved in 1999
as the newest addition to the upgaded D@ trigger system,
providesthe D@ trigger systemwith the capabilityof selecting
everts cortaining trackswith large impact paraneters.It per
forms high precisiononline recastructionof chaged particle
tracksfound in the Central Fiber Tracker (CFT) by utilizing
muchfiner spatialresolutiors of the Silicon Microstrip Tracker
(SMT).

Il. D@ TRIGGER AND TRACKING SYSTEM

The Tevatron is delivering praton-ari-proton collisions at
a rate of 2.53 MHz, while the data acquisitionrate is only
abou 100 Hz. To bring down the datarate, the D@ has a
three level trigger system,and Level 1 has pipelined buffers
to absob rate flunctuatiors. The Level 1 trigger mustmake a
decisionon eachevert fast enoudy to acconmodatethe 396
ns beamcrossingtime to reject the incorsequentialcollisions
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while keepingthe deadtime to a minimum and maintainirg
high efficiency for thoseeverts thatyield interestingphysics.To
acconplish this goal,the Level 1 trigger systemis implemente
in hardvare and locates significant enegy depositsin the
calorimeter and prepogranmed hit patterrs in the CFT, the
Central Preshaver (CPS), the Forward Preshaver (FPS)and
in the Muon Chambes. It also attemptsto identify limited
spatial correlatiors betweendetectorelements.The Level 2
trigger consistsof an array of dedicatedprepiocessorsand a
global Level 2 processar Eachmajor D@ detecto compment
has a correspading Level 2 prepocessar and the STT is
a prepraessorfor the SMT. The global processor makes
trigger decisionsbasedon the information receved from the
prepocessorsand sendsits outputto the third level only for
the interestingevents.To maintaina deadtime belov 1%, the
meandecisiontime for Level 2 must be under 100 us with
roughly 50 us for the prepraeessorsand 50 us for the global
Level 2 decision.The Level 3 consistsof a farm of compuers
that perfom sophisticatedeconstration algorithns.

The D@ chaged particletracking systemis mainly compesed
of threecompaments:a supercondicting solenoid the CFT and
the SMT. The solenoid surrourding the CFT and the SMT,
provides a 2 Teslamagneticfield to allow the measurenm
of the momena of chaged particles. The CFT corsists of
~ 80,000 1mm scintillating fibers mourted on eight carbon
composite cylinders at radii rangirg from 20 to 55 cm. The
position resolution is abou 250 pm. Although the very fast
readait speedof the CFT and the small numker of readat
chanrlsmale it possiblefor the Level 1 CentralTrack Trigger
(CTT) to use CFT datato selectgoad chaged particle tracks
and send these Level 1 tracksto the Leve 2 trigger The
resolution of the CFT is insufficient to provide a preciseimpact
paraneter measuement.On the otherhand,the SMT consists
of silicon disks andbarrelsformed into 6 disk/barel modules.
Thesebarrelscompise rectanglar silicon detectos arrarged
in four concertric layers.All detectos have 50 pm pitch silicon
stripsarranged parallelto the beamline aswell asin a stereo
angle. In total there are abou 793,000 readow chanrels. It
provides a positionresolutionof abou 10 pm, which is godd
enowh to provide a preciseimpact paraneter but the large
nunber of readot chanrels and the readat speedof silicon
detectorprevent it from beingusedin the Leve 1 trigger

TheSTT, combiring SMT andCFT informationtogetter, can
solve this dilemma. The STT usesthe CFT track asthe seedof
aroadthatis extrapolatedinto the SMT. Silicon clusterswithin
this road can then be includedin the track fit, in additionto
the original CFT information.

As shawn in Fig. 1, for eachevent,the Level 1 CTT sends



~~.. O SMT barre
e \~‘Q o

CFT H layer @::“:
©)

@)

to L2CTT

odV]

7
3
F:
(o]
o
;
5
1]
o]
9
3
ot
3
3
q
o
(e
¢
:
9
E
3

2 Jeds
o seds
10 Yeulwa 1
red
3 Jeds
10 euIwa T

B000en B0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Fig. 2. Thelayout of the STT crate.

a list of up to 46 tracksto eachSTT. A +£2mmroadis defined
arourd eachtrack and only the SMT clusterswithin the road
are consideed for the track fitting. In doing this the nunber
of SMT clustersconsiderd for eachtrack fit is dramatically
redu@d sothatthefitting canbe donefastenoud for the Level

2 trigger system.The STT usesthe hits in the innernost and
outernostlayersof the CFT aswell asclusterson threeor four
layersof the SMT to perfam the trackfitting, sothe STT can
provide fine enaugh impact paranetersresolution The fitting

result of eachroad are sentto the Level 2 CTT aswell asto

the global Level 3 trigger system.

For the pumposeof the STT, the SMT barrel sectionsare
divided into 12 sectors,eachrouchly 30° in azimuth Because
of overlapsbetweensectors,most high transwerse momentum
tracks hit detectorsthat belorg to the same sectorin all
four layers. Each 30° SMT sector can therebre be treated
independentlyin the STT with a negligible loss.

I1l. STT HARDWARE DESIGN

The STT usescustom-@signedvME boardswith on-baard
progammale processors.Six identical crates house these
board, each servirg one of the SMT sextarts. Each crate
has one crate contoller, one Single Board Computer one
Fiber Road Card, nine Silicon Trigger Cardsand two Track
Fitting Cards (SeeFig. 2). Since thesecard sharecommnon
requiementsfor internal and external interfaces,they use a
comma motherboad, with the specific logic containedon
daudnter board. Data are comnunicated betweenthe cards
using point-to-point seriallinks. Control informationusesded-
icatedbackplae signals.

A. Motherbard

The STT motheboard is a 9U x 400-mm VME64x-
compmtible card contairing three indepemnlent 33 MHz PCI
bussesto communicate betweenthe logic daudnter boardand
comnoninput/autputanddata-tuffering daugher boardslt has
VIPA standad PO, P1andP2 conrectors.The J3/P3conrector
is norstandardto accomnodatethe backplane of the existing
SMT readut system.

The logic specificto the FRC, the STC andthe TFC is lo-
catedon individual PCl buslogic daugher boads, describedn
detailbelov. ThethreePCl bussesonnet the dauglter boads
to the crate backpla® bus and to point-to-point serial links.
Thereare two indepenlent PCI-PCI bridges for simultaneas
PCI-PCldatatransmitting.

The VME bus is usedfor readat to Level 3 as well as
for initialization and monitoiing. A Universe Il chip on the
motheboard actingasa VME-to-PCl bus bridge allows crate
contoller CPU accesdo the daugher board.

B. Internd/external data transmitting

The pointto-poirt serial links for datacommuication be-
tween the three types of logic daugler cards use Low-
Voltage Differertial Signaling (LVDS) drivers. The LVDS
recever/transmitterboads (LRB/LTB) aregroupedon two 32-
bit-wide PCI bussesand transfer32-bit words at a rate of 32
MHz. They appoximately confam to PCI Modues Industry
Packs (PC-MIP) standads and can therdore be installed on
standaloe carrier boads for testing and dehugging apgica-
tions.Up to six I/O cardscanbe mowntedon eachmotheboard
asrequired by the daugher boad.

The STT sendsits output to the Level 2 trigger system
via the hotlink transmittingcard which is also seatedon PC-
MIP interfacesof the mothe board Eachdauditer boardalso
producesand sendsdatato Level 3. Thesedata are stored
in FIFOs on the dauglter boarg and then read out via the
third PCI busto dual-prt memoy bufferson separatelawghter
cardsthe buffer controlles (BC)—thatsit on eachmotheboard
A D@ standardSingle Board Compuer (SBC) card in each
cratereads datafrom the buffer contoller andtransfersto the
Level 3 via an etherné comection.

C. Fiber road card

The Fiber RoadCard (FRC) is compsedof four functioral
elementsmplenmentedin threeseparatéltera FLEX10K Field
ProgammableGate Arrays (FPGA). Theseinclude the trigger
recever, the road recever, the triggerroad dataformatterand
the buffer manager|[2]

ThetriggerreceverreceivesD@wide synchonizatia signals
from the trigger framewnork via a special daudnter card—tte
Serial Commaud Link (SCL) card—m the motheboard It is a
D@ standard®C-MIP-like boad (built at Fermilab) Thetrigger
informationis presenteds 128 bits on two 64-pgn comectors.
The FRC broaatastsa limited subsetof thesecontrol signals
to the other cardsvia a local bus on the J3 baclkplane. The



triggerrecever alsosendsstatusinformationbackto thetrigger
framework.

The roadrecever logic receves track information from the
Level 1 CTT via an opticalfiber link (usingHP G-Link proto-
col). Thedataarerecevedby arearmountedFermilabstandard
VRB Trarsition Modue (VTM) and transmittedthrough the
backplanevia J3 pins.

The triggerroad dataformatter comhines the road informa-
tion with therelevant SCL datafrom thetriggerframeavork and
transmitsthe datato the otherlogic dawghter cards.The logic
for the trigger/road dataformatteris combired with that of the
roadrecever andstoredon a singleAltera FLEX10K50 FPGA.

The buffer mana@r handes buffering and readot to Level
3. It mana@sthe assignmenof buffers on the BC's for Level
1 accepteceverts for all the individual STT logic cards.The
buffer manager decidesif an evernt bufferedby the other STT
cardsshouldbe sentto Level 3 basedon the Leve 2 trigger
information. The buffer manager commuicates via the J3
backpganewith BC’s.

D. Silicontrigger card

The Silicon Trigger Card (STC) receves the raw SMT data
viaaVTM. EachVTM hasfour fiber recevers, eachof which
receves two SMT detectorreadotl chanrels. Nine suchcards
are neecrd to proessall the SMT channés in a sextant. The
SMT usesa Xilinx Virtex XCV812E chip programmed in
VHDL for its mainfunctionalitiesand3 Altera ACEX EP1K30
chipsfor PCl interfacescontrdler.

In the STC, the hit datafrom the silicon stripsarefirst com-
paredto a lookup table (storedin on-toard RAM) identifying
bad strips. Data from godd strips are then correctedfor gain
andpedstal by multiplicationandsubtractio. Thenthe FPGA
find the clustersof hit strips.A clusteris a groy of contiguous
strips with pulse heights abore a given threshdd. The cluster
location is determine by the pulse-heipgt-weigted centroid
of up to five strips. The resultingclustersare matchedto the
tracksbroadtastedby the FRC usinga secondookup tableand
transmittedo the track fitting cards. Clustersare alsoreadout
to Leve 3 via the BC.

E. Trac fit card

Therearetwo Track Fit Cards(TFC) in eachcrate,one for
each 30° sectorof the SMT. The FRC road and the SMT
cluster information are receved using the STT standardPC-
MIP receier cards. The hardvare roadandclusterinformation
is translatednto physical coodinates(r — ¢) by lookup tables
storedin on-toward RAM. Eight TI-TMS320C62@33 300MHz
integer Digital Signal Processor¢DSP)areusedby eachTFC
to perfam trackfitting. Thefitting algorithm is programmel in
C. Three Altera FLEX10K100 FPGAssupplythe controllogic
on the boad.

The clusterin eachSMT layer that is closestin ¢ to the
centerof the road represeted by a CTT track is chosenby
the TFC for the fit. The hits on the CFT innernost (A) and

outemost (H) layersare also used.(seeFig. 1). The fit will
not be perfomed if thereare hits in lessthan three different
SMT layerswithin a CTT road.Whenthereareonly threeSMT
layersthat containclustersthe TFC perfoms a 1-passfit. The
TFC may perform a 2-passfit whenthereare4 SMT layersthat
have choserclustersfirst it fits with the2 CFT hitsand4 SMT
clusters.If theinitial fit qudity is poor, the hit thatintroduces
the largestcontibution to the x2 is discardd andthe track is
refit usingthe remainirg threeSMT hits. By requiting clusters
in only threeout of four SMT layers,the track recorstruction
efficieng is incresedby 15% to arownd 85% for trackswith
transverse momernum above 1.5 GeV.

The track paraméersin the r — ¢ planeare deternined by
fitting with the form ¢(r) = b/r + kr + ¢o, whereb is the
impact paraneterwith respectto the detectororigin, « is the
cunatureof thetrackandgy is the direction of the track at the
poirt of closestapprach.[3] Thetrack parametes b, kK and¢g
areobtainedfrom the ¢ valuesof the hits in the SMT andCFT
layersby multiplying the ¢ vecta with a preconputedmatrix
thatis storedin a lookup tablein on-board RAM.

The TFC can corred¢ for beam position offsets from the
detectororigin. Thebeamposition(r g, ¢5) will bedetermind
at the begginning of eachdata-takng run ( of 4 houwr maximun
duration)from a sampleof severalhundedeverts by a program
ruming on a dedicatedcomputer and then madeavailable to
the Leve 2 trigge framework. It is then downloadedto the
TFC andusedfor the remairder of the data-takng run.

The TFC outputsthe track parametes andthe fit x2 aswell
asadditinal geonetric informationregardingto thefitting and
clusterselection.The dataaretransmittedo the Level 2 trigger
where theseresults are usedfor selectingevents containirg
tracksof large impactparameterlt is alsobufferedin a buffer
contoller cardfor VME readait to Leve 3.

IV. STT PERFORMANCE

The STT is now in the final stageof comnissioning. All
commnentsfor the six cratesare at hand.Five of them have
beenfully-popuated,andare fully functional; oneis resenred
for testing pumposes.Two of the fully functional crateswere
successfullyputinto the DG trigger systemandreadout during
nomal physicsdatatakingruns.A packagdully simulatingthe
STT is alsoavailable.

Fig. 3 shavs the TFC fitting time distribution during one
of the physics runs. The TFC usesmostof the STT decision
time, andthe meanTFC fitting time is within the requrement
of 50 us for Level 2 prepocessorsThe three spikes in the
distribution are due to the rejection of tracks with less than
three SMT hits andthe 2-passfitting procedureof the TFC.

Fig. 4 shows the intrinsic STT impact parameterresolutian
distribution as a function of the track pr deternined by
simulatiors. The STT impact paramete resolutionof 60 um
is dominatedby a 30 um commnentassociateavith the cross-
section of the protan-antipoton beam,a 15 pym compment
associateavith the resoldion of the SMT, anda pr depeent
compnentarising from multiple Coulombscattering.
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Fig. 3. The TFC fitting time recorced during a portion of physicsrun.
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Fig. 5 shaws the STT simulation on date from one of the
physics runs which had the STT cratesin. The beam spot
corretions were applied to the data. A cut on tracks with
x?/dof< 4 is appliedto pick up the good fits. The ~ 1 unit
Gaussianvidth meansthe impactparaneter resolutionis well
defined The tails of the distribution are being studied.

V. CONCLUSIONS

The STTis anovd device thatmeasuestheimpactparame-
tersof displacedracks,enablingthe selectionof large samples
of everts thatcontainb quaks andotherlong lived particlesin
the presene of enormais backgounds. The STT is currently
being commissionedandwill be opesating shotly.
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Fig. 5. The impact paramete significencedistribution for a physicsrun.
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