FERMILAB-CONF-10-359-E

CDF Trigger Final Balance: fline Resolution at Low Level Selections to Fight Against
Tevatron Increasing Luminosity

S. Amerid

aUniversity of Padova and INFN, via Marzolo 8 - 35131 Padova, Italy

Abstract

The CDF detector at Tevatron collider is at present the most long-lasting high energy physics experiment. Since its first data taki
in 1992 it has produced many results of primary importance, such as the discovery of top quark and, more recently, the observatic
of Bs oscillations and single-top production. None of them would have been possible without a faficiewt érigger system.
Based on a three level architecture, the CDF trigger takes decisions on simple calorimetric and tracking objects and assures b
high dficiency on signal events and low dead time. It reduces the data flow rate from 2.53 MHz, the collision rate, to 150 Hz, the
current limit on tape writing and is flexible enough to be easily adapted to the continuously growing instantaneous luminosity. i
the last years the Tevatron instantaneous luminosity has rapidly increased and is now reachihgm*s0'. The CDF trigger
system has been widely upgraded to cope with increasing trigger rates. The upgrade result is online reconstruction of missi
transverse energy, jets and tracks with a quality comparable tdithmemne. Jet energy and direction can be precisely determined
and tracks can be subjected to 3-D reconstruction with good resolution. These upgrades reduce high trigger rates to accepts
levels and have provided invaluable tools to increase the purity of the collected samples. They also represent a helpful experier
for LHC experiments where background rates will be much more demanding.
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1. Introduction The upgrades are based on the Pulsar board [2], a general
purpose VME board developed at CDF and widely used to up-
Experiments at hadronic colliders look for very rare eventsgrade the trigger system [3] [4], thanks to its modularity and
As an example, at Tevatron accelerator, whesnd p beams  flexibility.
are made colliding at the center-of-mass energy of 1.96 GeV, In the following, we will first review the CDF detector and
the cross section for Higgs boson production-id fb, 10 its trigger system. We will then illustrate the recent upgrades
times lower thanpp inelastic cross section~(60 mb). To emphasizing their impact on the physics potential of the exper-
increase the probability to produce interesting physics eventignent.
the instantaneous luminosity of the accelerator has to be max-
imiz_ed. Thg drawback is an inqreasg in t_he number of multis  cpE detector
ple interactions per beam crossing with high occupancy of the
detectors and an exponential increase in trigger rates. Tighter CDF is a general-purpose, azimuthally and forward-
selections at trigger level can free trigger bandwidth but als®ackward symmetric detector located at the Tevapprcol-
decrease the acceptance for signal events. Rate reduction Higer at Fermilab. It consists of a charged-particle tracking sys-
to be coupled with the ability to simultaneously perform a firsttem immersed in a 1.4 T magnetic field followed by calorime-
selection of the most interesting events. ters which are surrounded by muon detectors. A detailed de-
Since the beginning of Tevatron Runll in 2001, CDF trig- Scription can be found in [5]. Charged particle trajectories are
ger system has undergone many upgrades in order to cope Wi@etected by a 8—Iayers silicon microstrip detector and a drift
Tevatron improving performances. Currently the average peakhamber which providg| coverage up to 2.0 and 1.0 respec-
instantaneous |uminosity is greater thanx’iogzcm_zs_l with tlvely The drift chamber consists of cells divided into 8 super-
~ 10 multiple interactions per beam crossing. Both the onlindayers, each containing 12 layers of sense wires. The odd super-
tracking system and the calorimetric trigger have been recentljgyers have wires parallel to the beam axizigl layers) while
upgraded [1]. The new system keeps trigger rates under contri€ even ones have wires tilted by (@tereolayers) in order to
and provides new tools to be used to design innovative triggeprovide stereo information. The calorimeters are used to mea-

algorithms to increase the acceptance for signal events. sure electromagnetic showers and jets from quark fragmenta-
tion and consist of projective towers with electromagnetic and

hadronic sections covering the region urfo< 3.6. Surround-
Email addressessilvia.amerio@pd.infn.it (S. Amerio) ing the calorimeters are layers of steel instrumented with planar
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drift chambers and scintillators used for muons identifirat Cross Section (nb)
up tojp| < 1.5.

The CDF coordinate system use&nd¢ as the polar and
azimuthal angles respectively, defined with respect totbtop 600
beam axis directiorg. The pseudo-rapidity is defined ag =
—In[tan(@/2)]. The transverse momentum of a particlgis=
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psind and the transverse energy is definedEas= E sing.. 400 —i— + L2 stereo reconstruction
. 300 0
2.1. CDF trigger system T
The CDF trigger system has a three level architecture de- 200 . g .
signed to reduce the amount of data from 2.53 MHz, the bunch 100 » ** LT
. . . E - 3% -: ________________
crossing rate, to approximately 150 Hz to be written on tape. Om e T

150 200 25% - 300
Instantaneous luminosily (x10™ em?s™)

At Level-1 (L1) raw muons, tracks and calorimeter inforroati 50 100
are processed to produce a L1 decision. L1 is a synchronous
40 stages pipeline based on custom-designed hardware WhiEh ) . . . A

id tri decision in%us with a rate tvoicall igure 1: L2 cross section as a funcpon of the |nstantandiamm03|ty_for_
can provige a tngger . H yp Y a trigger requiring a central muon withr > 15 GeV. The cross section is
below 30 kHz. When an event is accepted at L1, subsets of deepresented before any upgrade, after the L1 stereo upgratiafter the L2
tector information are sent to the Level-2 (L2) system, wher stereo reconstruction upgrade.
some limited event reconstruction is performed and a datisi
is taken. The L2 is an asynchronous pipeline and it is base 2 track b tched t detect lorimeters f
on a combination of custom-designed hardware and commo a-berggr?acl:(aentraeclr(nrae%c(te'ono muon detectors or calonmeters fo
ity processors. Its average latency is29and its maximum In Eig. 1 h Jth If&.t f1L1 and L2 d h
output rate is 1 kHz. Upon L2 accept, the full detector data N Fg. L we show Ineleect o an upgrades on the

is readout and sent to Level-3 (L3) processors farm for &urth ((:;ro\s}s_?ﬁ ctt|on ﬁf aft_rlgtg(?[r reqwnnlg a C(cejnt:?_l f]uodnt\;]mrb 15t hed
processing. Events accepted at L3 are sent to mass storage. ev. Thetrackis lirst stereo confirmed a and then matche

to the muon chambers at L2 with an overall reduction factor of
about 10 at high luminosity.
3. Onlinetracking processor s upgrades
3.2. SVT upgrade

Tracks are reconstructed at trigger level by the eXtremely
Fast Tracker (XFT) at L1 and by the Silicon Vertex Trigger
(SVT) at L2. Many of the most important CDF physics results
would have not been possible without the ability to online se
lect tracks. SVT, for example, allowed to to trigger on déseld
tracks increasing by several orders of magnitude ffieiency

SVT [9][10] is a L2 trigger processor dedicated to the recon-
struction of charged particle trajectories in the planagverse
to the beam line. SVT combines hits from silicon detectotbwi
tracks reconstructed by XFT. The association is performed b
anassociative memoya massive parallel mechanism based on

for the hadronic B decay modes. Moreover, higHepton trig- the search of low resolution track®éd9 as coincidences be-
gers are widely used for Higgs boson searches both in the lof€€n hits in silicon detectors and XFT tracks. When such an
and high mass region. Recently CDF, in conjunction with poassociation is found, a track fitter (TF) performs qualityscu

experiment, has excluded the Standard Model Higgs boson and estimates track parameters using the full availablgapa
95% C.L. in the mass interval 16070 GeV [6]. resolution in a linearized fit. Overall SVT trackingieiency is

about 80%. SVT provides precise measurement of track impact
parameterdp), curvature and azimuthal angle. Impact parame-
3.1. XFT upgrade ter is measured with a resolution of @b for 2 GeV/c tracks,
XFT [7] [8] has been developed to reconstruct tracks in thewhich is comparable to the resolution obtained féitioe re-
plane of the drift chamber transverse to the beam axis in timeonstruction.
for L1 decision. Track identification is performed searchin  The GigaFitter (GF) [11] is a next generation track fitter de-
and combining track segments in the 4 axial superlayerseof thsigned as a possible upgrade for SVT system, in order to en-
drift chamber. XFT measures transverse momenpnmand  hance its performances in a very high luminosity environmen
azimuthal anglep of all the tracks withpr >1.5 GeVc with  The GF is based on a modern Xilinx Virtex-5 FPGA chip, rich
an dficiency greater than 96% and a resolutiog /p2 ~ 2%  of powerful DSP arrays and features high speed, modularity,
(Gev1) andoy ~ 6 mrad. flexibility and reduced size with respect to the currenteyst
In the upgraded system track segments are also found in tHecan store a larger number of possible roads thanks to aegrea
outer stereo layers of the chamber. This feature allowsj¢atre available memory. This will allow an extension of SVT ac-
at L1 fake axial tracks by requiring the association vetereo  ceptance on trackr down to 1.5 Get instead of 2 Ge)¢,
segments. Stereo segments are also sent to L2 and matchedntith a significant improvement in the b-tagging capabilitiie
the axial tracks for 3D-track reconstruction which prowde SVT acceptance on impact parameter can also be increased:
good resolution oot (ocop= 0.11) andz (o> = 11 cm). At currently SVT reconstructs only tracks with impact paranet
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smaller than 1.5 mm but the upgraded system could be sensi- ot ——
tive for impact parameter up to 2-3 mm, improving the lifezim
measurements.

®
8

{77 7] New L2: <AE;>=0.4 GeV
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4. Calorimetrictrigger upgrade

a5
8

Event per 300 MeV
W o
8 8

The L1 and L2 CALorimeter triggers (LLCAL and L2CAL)
make selections on electrons, photons, jets, total evansir

n
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verse energy (SumEt) and missing transverse energy (MEt). 100
Both systems have been upgraded to make use of the full 0= R
calorimeter resolution and to allow more sophisticatedget E(L3)-E(L2) (GeV)

construction algorithms to be implemented at L2.

Figure 2: Diference between L3 and L2 before and after L2ZCAL upgrade.
4.1. L2CAL upgrade

The old L2CAL system was hardware based and recon- 2020
structed clusters simply combining contiguous regions of
calorimetric towers with an energy deposition above a given
threshold. Moreover, due to intrinsic hardware limitafi@n
used only 8-bit energy resolution even if 10-bit tower imfiar
tion was available. At high luminosity, when multiple proto
antiproton interactions occur in the same bunch crossing; ¢
ters produced by élierent particles were often merged together,
yielding a high L2 accept rate due to fake clusters abovethre
old.

The upgraded system [12][13] usefix@d coneluster find-
ing algorithm which prevents fake cluster formation and ex- MET(L3) - MET(L2) (GeV)
ploits the full trigger tower energy information. A jet isrfoed
starting from aseedtower above a threshold (3 GeV) and Figure 3: Diference between L3 and L2 MEt before and after L2CAL upgrade.
adding all the towers inside a fixed cone centered at the seed
tower and having a radiusR = /A¢2 + An? in the azimuth-
pseudorapidity space. The jet position is calculated waigh
each tower inside the cone according to its transverse gnerg

A set of 18 Pulsar boards receives and preprocesses the ful- . S
. . . . . rigger rates at the highest Tevatron luminosities and jpise
resolution data coming from the calorimeters. Five adddlo . S ) ) .
vided new tools to design innovative algorithms for onlimeret

Pulsar boards merge the 18 data streams into 4 and send the

to the L2 decision CPU were the clustering algorithm is imple selections. . .
mented. The Met-Jettrigger [15], for example, exploits both the L1

This upgrade has reduced L2 trigger rate and has provided gpd L2 calorimetric trigger upgrades to select events Wittt M

L2 jets with quality nearly equivalent tdftine ones as shown in > 28 Gev and_ 2 J?ts Witler > 3 Qev. This trigger pl_ays an
Figs. 2 and 3. This opens the possibility téeetively make se- |mpor_tant role In Higgs segrches n the low mass region, gvher
lections on the invariant mass of a di-jet system, on the @ngu thehT'ggf? 'S Sfamhetd t];(I)r T ?SS%C';:'/?_IH o ?rt\)/g bozc;nk.l Itis
separation between jets and, in conjunction with the XFT 3-p['ghly efficient (see table 1) for botWH — lvbb an —

track reconstruction, to perform precise 3-D matching leev llbb or ZH - Wbt_)' wherel = e orz. In these channels_
jets and tracks. the Met-Jettrigger is an excellent complement to the leptonic

triggers: recently, the addition of events collected by thigger
has increased by 25% the acceptancedHd — lvbb when
4.2. L1CAL Upgrade the non-triggered lepton is reconstructetline as an isolated

A natural consequence of the L2CAL upgrade is moving therack [16].
L2 MEt resolution to L1. An additional Pulsar board receives TheDijet-Btagtrigger [17] exploits both the L2CAL and the
the 10-bit calorimetric energy information from the 18 L2CA XFT upgrade to seledib final state events. Its main require-
Pulsar boards and completes the calculation of MEt within th ment is a 3-D match between two tracks displaced with respect
L1 timing constraints [14]. This upgrade makes availablielat to the primary vertex and a central energetic jet. The atlgori
the same MEt capability of the L2. The better resolutiongran is optimized for Standard Model inclusité — bb searches
lates in sharperfiiciency turn-on curves for L1 MEt based trig- but is dficient also forZ — bb and Minimal Super Symmetric
gers (Fig. 4) and in the possibility to increase signal atuege  neutral Higgsp — bb. The selectionficiencies are 13%, 5%
lowering the cut on MEt. and 11% respectively. The 3-D match highly reduces the back-
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5. Applications

I_The trigger upgrades described so far have helped to reduce



I R and the possibility to make online selections ditie-like vari-
r : + ables. The online tracking system is now capable to recactstr
08l : 3-D tracks for dicient leptonic ob-jet final state event selec-
o - : : 5 tion. Jets are reconstructed at trigger level with a fixedecon
§06-_ L. : o 5efweL7METUpsra§é clustering algorithm very similar to theftine one and full res-
‘g;; “r < A After LIMET Upgrade olution is used for the measurement®f related quantities.
3 L : ; Innovative algorithms exploiting the upgrades have been de
2% 4 : ; : 3 signed: in conjunction with existing triggers, they willlpém-
C - : f ; ; prove the physic potential of CDF experiment during the final
02 3‘: oot period of data taking.
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Table 1:Met - Jettrigger dficiencies

6. Conclusions

An efficient and flexible trigger system is fundamental for
any high energy physics experiment. Since 2001, CDF trig-
ger system has undergone many upgrades in order to cope with
Tevatron increasing luminosity. Based on a very flexibld,too
the Pulsar board, the upgrades have provided lower trigges r
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