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Outline:

• CMS trigger and DAQ Architecture

• Level-1 Trigger

• HLT principles

• HLT performance

• Summary

”Level-1 TDR” - CERN/LHCC 2000-038

”DAQ & HLT TDR” - CERN/LHCC 2002-26

next: Physics TDR

HLT = High-Level Trigger
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CMS at LHC

LHC

• 7+7 TeV protons

• bunch crossing rate: 40MHz

• High Luminosity: 1034cm−2s−1

Low Luminosity: 2 · 1033cm−2s−1

CMS: General purpose experiment

• 2 trigger levels

– Max Level-1 output: 100kHz

– High-Level Trigger output:
O(100 Hz)

• Event selection 1 in 10∼13
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CMS trigger principles
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CMS Approach: do without dedi-
cated L2 hardware. After Level-1
there is a High-Level Trigger running
on a single processor farm.
Advantage: The only limitation is
available CPU. Maximal Flexibility.
Full granularity and resolution.
Caveats: A lot of data to handle.
Challenging.
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DAQ Architecture and Staging
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staging

• DAQ designed to accept Level-1 rate of 100 kHz

• Modular DAQ: 8 × 12.5 kHz DAQ units.
4 Slices at startup (50 kHz).

• HLT output O(102) Hz - rejection of 1000.
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F Summary of Level-1 Trigger

The Level-1 Trigger System [F-1] is organized into three major subsystems: the Level-1 calorimeter trig-
ger, the Level-1 muon trigger, and the Level-1 global trigger. The muon trigger is further organized into
subsystems representing the 3 different muon detector systems, the Drift Tube Trigger in the barrel, the
Cathode Strip Chamber (CSC) trigger in the endcap and the Resistive Plate Chamber (RPC) trigger cov-
ering both barrel and endcap. The Level-1 muon trigger also has a global muon trigger that combines the
trigger information from the DT, CSC and RPC trigger systems and sends this to the Level-1 global trig-
ger. A diagram of the Level-1 Trigger system is shown in Figure F-1.

The data used as input to the Level-1 Trigger system as well as the input data to the global muon trigger,
global calorimeter trigger and the global trigger are transmitted to the DAQ for storage along with the
event readout data. In addition, all trigger objects found, whether they were responsible for the Level-1
Trigger or not, are also sent. The decision whether to trigger on a specific crossing or to reject that cross-
ing is transmitted via the Trigger Timing and Control system to all of the detector subsystem front-end
and readout systems.

F.1 Calorimeter Trigger Description

The calorimeter trigger begins with (0.35η×0.35φ) trigger tower energy sums formed by the ECAL,
HCAL and HF upper level readout Trigger Primitive Generator (TPG) circuits from the individual calo-
rimeter cell energies. For the ECAL, these energies are accompanied by a bit indicating the transverse ex-
tent of the electromagnetic energy deposit. For the HCAL, the energies are accompanied by a bit
indicating the presence of minimum ionizing energy. The TPG information is transmitted over high speed
copper links to the Regional Calorimeter Trigger (RCT), which finds candidate electrons, photons, taus,
and jets. The RCT separately finds both isolated and non-isolated electron/photon candidates. The RCT
transmits the candidates along with sums of transverse energy to the Global Calorimeter Trigger (GCT).

Figure F-1  Overview of the Level-1 Trigger system.

HF
energy

HCAL
energy

ECAL
energy

RPC
hits

DT
hits

CSC
hits

Regional
Cal. Trigger

Global
Cal. Trigger

Pattern
Comp-
arator

segment
finder

segment
finder

track 
finder

track 
finder

Global Muon Trig ger

Global Trigger TTC System
TRK,ECAL,
HCAL,MU

quiet
regions

& mip 
bits

DAQ

trigger
primitive
data

input
data

trigger
objects

Requirements driven by LHC discovery physics:

• Identify high-pT leptons (including taus) and photons. Single and Combined

triggers.

• All trigger thresholds and conditions must be programmable (large uncertainties

in backgrounds and signals)

• Need to include overlapping and min-bias triggers to well understand efficiencies

• Large rejections factors needed: 40MHz (× ∼ 20 ev/bx) → 100 kHz.

• Level-1 uses muon and

calorimeter detector data

only

• Special-purpose hardware

(ASICS) but also FPGAs

• Data stored on detector

during fixed Level-1 la-

tency. 128BX = 3.2µs

• Data read on Level-1 ac-

cept. Proceed via event

builder switch to HLT
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The GCT sorts the candidate electrons, photons, taus, and jets and forwards the top 4 of each type to the
global trigger. The GCT also calculates the total transverse energy and total missing energy vector. It
transmits this information to the global trigger as well. The RCT also transmits an (η,φ) grid of quiet re-
gions to the global muon trigger for muon isolation cuts.

F.1.1 Overview of Calorimeter Trigger Algorithms

An overview of the electron/photon isolation algorithm is shown in Figure F-2. This algorithm involves
only the eight nearest neighbours around the central hit trigger tower and is applied over the entire (η,φ)
plane. The electron/photon candidate ET is determined by summing the ET in the hit tower with the max-
imum ET tower of its four broad side neighbours. This summed transverse energy provides a sharper effi-
ciency turn-on with the true ET of the particles.

The non-isolated candidate requires passing of two shower profile vetoes, the first of which is based on
the fine-grain ECAL crystal energy profile. The second is based on HCAL to ECAL energy comparison,
e.g. H/E less than 5% (HAC veto).

The isolated candidate requires passing of two additional vetoes, the first of which is based on the passing
of FG and HAC Vetoes on all eight nearest neighbours, and the second is based on there being at least one
quiet corner, i.e., one of the five-tower corners has all towers below a programmable threshold, e.g., 1.5
GeV. Each candidate is characterized by the (η,φ) indexes of the calorimeter region where the hit tower is
located. 

F.1.2 Electron/Photon Triggers

In each calorimeter region (4×4 trigger towers) the highest ET non-isolated and isolated electron/photon
candidates are separately found. The 16 candidates of both streams found in a regional trigger crate (cor-
responding to 16 calorimeter regions covering ∆η×∆φ=3.0×0.7) are further sorted by transverse energy.
The four highest-ET candidates of both categories from each crate are transferred to the GCT where the
top four candidates are retained for processing by the CMS global trigger.

Figure F-2  Electron/photon trigger algorithm.
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The nominal electron/photon algorithm allows both non-isolated and isolated streams. The non-isolated
stream uses only the hit tower information except for adding in any leakage energy from the maximum
neighbour tower. This stream will be used at low luminosity to provide the B-electron trigger. The isola-
tion and shower shape trigger cuts are programmable and can be adjusted to the running conditions. For
example, at high luminosity the isolation cuts could be relaxed to take into account higher pile-up ener-
gies. The specification of the electron/photon triggers also includes the definition of the η−φ region where
it is applicable. In particular, it is possible to define different trigger conditions (energy thresholds, isola-
tion cuts) in different rapidity regions.

The efficiency of the electron/photon algorithm, as a function of the electron transverse momentum, for
different thresholds applied at Level-1, is shown in Figure F-3. Also shown in Figure F-3 is the efficiency,
as function of pseudorapidity for electrons with PT=35 GeV/c. 

To connect the Level-1 threshold to an effective requirement on the electron transvsers momentum, the
electron PT at which the Level-1 Trigger is 95% efficient, is determined as function of the Level-1 thresh-
old. This is shown in Figure F-4. 

Figure F-3  The efficiency of the Level-1 Trigger for single electrons as a function of the electron PT. On the
right, the efficiency, as function of η, for electrons with PT=35 GeV/c.

Figure F-4  The electron ET at which the Level-1 Trigger is 95% efficient as a function of the Level-1 threshold.
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From this result, the rate for electron/photon triggers as a function of the effective cut on the ET, i.e. of the
point at which the trigger is 95% efficient, can be computed. Figure F-5 shows the rates for single elec-
trons as a function of the ET of the electron (95% point).  

Double, triple and quad electron/photon triggers can be defined. The requirements on the objects of a
multi electron/photon trigger, namely the energy threshold, the cluster shape and isolation cuts and the
(η,φ) region, are set individually. Requirements on the (η,φ) separation between objects can also be de-
fined. The rate for two-electron/photon triggers is shown in Figure F-6. 

Figure F-5  The rate of the single electron/photon Level-1 Trigger at low (left) and high (right) luminosity.

Figure F-6  The rate of the double electron/photon Level-1 Trigger at low (left) and high (right) luminosity.
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ward and backward HF calorimeters are sorted and counted separately. This separation is a safety
measure to prevent more background susceptible high η region from masking central jets. Although the
central and forward jets are sorted and tracked separately through the trigger system, the global trigger
can use them seamlessly as the same algorithm and resolutions are used for the entire η−φ plane.

Single, double, triple and quad jet (τ) triggers are possible. The single jet (τ) trigger is defined by the
transverse energy threshold, the (η,φ) region of validity and eventually by a prescaling factor. Prescaling
will be used for low energy jet (τ) triggers, necessary for efficiency measurements. The multi jet (τ) trig-
gers are defined by the number of jets (τs) and their transverse energy thresholds, by a minimum separa-
tion in (η,φ), as well as by a prescaling factor.  The global trigger accepts the definition, in parallel, of
different multi jet (τ) triggers conditions.

The four highest energy central and forward  jets, and central τs in the calorimeter are selected. Jets and τs
occurring in a calorimeter region where an electron is identified are not considered. The selection of the
four highest energy central and forward jets and of the four highest energy τs provides enough flexibility
for the definition of combined triggers.

Figure F-8 shows the Level-1 rates for jet triggers at low and high luminosity. Another quantity of inter-
est, which is also useful in making comparisons between different algorithms and different detectors, is
the rate as a function of the generator-level jet ET by plotting the rate for the cut on offline jet ET that
gives 95% efficiency for the generator-level jet ET. This is shown in Figure F-9  

F.1.4 Energy Triggers

The ET triggers use the transverse energy sums (em+had) computed in calorimeter regions (4×4 trigger
towers in barrel and endcap). Ex and Ey are computed from ET using the coordinates of the calorimeter re-
gion center. The computation of missing transverse energy from the energy in calorimeter regions does
not affect significantly the resolution for trigger purposes.

The missing ET is computed from the sums of the calorimeter regions Ex and Ey. The sum extends up to
the end of forward hadronic calorimeter, i.e., |η|=5. The missing ET triggers are defined by a threshold

Figure F-9  Rate for the cut on Level-1 jet ET that is 95% efficient for jets with generator-level ET of the value
given on the x-axis versus generator-level ET. Left: low luminosity; right: high luminosity.
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– 8 –L1 Trigger

M. Konecki BEAUTY 2003, Carnegie Mellon University, Pittsburgh, October 14-18, 2003

��������

��������

��������

��������

Muon

1st - 3rd May 2003
IV International Symposium on LHC Physics and Detectors
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C. Seez
Imperial College

Muon triggerMuon trigger

l Level-1 µ-trigger info from:
u Dedicated trigger detector: 

RPCs (Resistive plate 
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Ł Excellent time resolution

u Muon chambers with accurate 
position resolution
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to both muons. Assuming the allocation of Level-1 Triggers proposed in Section 15.1.3, a bandwidth of
4 kHz is available for muon triggers at low luminosity, 8 kHz at high luminosity. The operating thresholds
discussed in Section 15.3.4.2 are 14 GeV/c and 3 GeV/c for the single and di-muon triggers at low lumi-
nosity, and 20 GeV/c and 5 GeV/c at high luminosity.

F.3 Global Trigger

The Global Trigger accepts muon and calorimeter trigger information, synchronizes matching sub-system
data arriving at different times and communicates the Level-1 decision to the timing, trigger and control

Figure F-16  Efficiency of the Level-1 Muon Trigger to identify single muons from W decays at high luminosity
as a function of η.

Figure F-17  Level-1 muon trigger rate as a function of PT threshold for low (a) and high (b) luminosity.
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system for distribution to the sub-systems to initiate the readout. The global trigger decision is made us-
ing logical combinations of the trigger data from the Calorimeter and Muon Global Triggers.

The Level-1 Trigger system sorts ranked trigger objects, rather than histogramming objects over a fixed
threshold. This allows all trigger criteria to be applied and varied at the Global Trigger level rather than
earlier in the trigger processing. All trigger objects are accompanied by their coordinates in (η,φ) space.
This allows the Global Trigger to vary thresholds based on the location of the trigger objects. It also al-
lows the Global Trigger to require trigger objects to be close or opposite from each other. In addition, the
presence of the trigger object coordinate data in the trigger data, which is read out first by the DAQ after
a L1A, permits a quick determination of the regions of interest where the more detailed HLT analyses
should focus. Besides handling physics triggers, the Global Trigger provides for test and calibration runs,
not necessarily in phase with the machine, and for prescaled triggers, as this is an essential requirement
for checking trigger efficiencies and recording samples of large cross section data.

The Global Level-1 Trigger transmits a decision to either accept (L1A) or reject each bunch crossing.
This decision is transmitted through the Trigger Throttle System (TTS) to the Timing Trigger and Control
system (TTC). The TTS allows the reduction by prescaling or shutting off of L1A signals in case the de-
tector readout or DAQ buffers are at risk of overflow.

F.4 References

F-1 CMS Coll.,“The Trigger and Data Acquisition project, Volume I, The Level-1 Trigger, Technical 
Design Report”, CERN/LHCC 2000-038, CMS TDR 6.1, 15 December 2000.

F-2 M. Aguilar-Benitez at al., “Construction and Test of the final CMS Barrel Drift Tube Muon 
Chamber Prototype”, Nucl. Instr. and Meth. A480 (2002) 658

Figure F-18  Contours of equal rate in the plane of PT thresholds for Level-1 single and di-muon triggers at (a)
L=2×1033 cm-2s-1 and (b) L=1034 cm-2s-1.
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L1 trigger table (2 · 1033cm−2s−1)

Safety factor of three is superimposed for simulation uncertainties, beam con-
ditions,... Thus output rate: 50 kHz =⇒ 16 kHz at startup (2 · 1033cm−2s−1).
Bandwidth is allocated in equal parts to electron/photons, muons, taus, and
jet+combined triggers. Priority: discovery physics.

December 2002
CMS Week -- Collaboration Meeting

5
P. Sphicas
PRS Status

Level-1 trigger table (low lumi)
n Total Rate: 50 kHz.  Factor 3 safety, allocate 16 kHz

16.00.9Min-bias

15.10.821 * 45e * jet 

14.32.388 * 46Jet * Miss-ET

12.52.086, 703-jets, 4-jets

11.41.01771-jet

10.93.286, 591τ, 2τ

7.93.614, 31µ, 2µ

4.34.329, 171e/γ, 2e/γ

Cumul rate

(kHz)

Indiv.

Rate (kHz)

Threshold 

(ε=90-95%) (GeV)
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PrinciplesHLT

• Runs on CPU farm (1 ev/processor at a time). Available CPU is a limitation
(→ timing). Uses full granularity and resolution. C++.

• Must provide sufficient rate reduction 100(50) kHz =⇒ O(102) Hz. Selection 1 ev
in ∼1000.

• Must satisfy physics requirements: inclusive selection, high efficiency.

• Must not required precise knowledge of calibration/run conditions.

• Two strategies:

– Fast but not accurate reconstruction

– Use minimal amount of precise information.

Both ways used to optimize event rejection speed. Second is preferred. Code as
close as possible to offline reconstruction.

• Reconstruction on demand: do not reconstruct until necessary

• Regional reconstruction (→)

• Partial and conditional track reconstruction (→).
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Global and Regional reconstruction
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•  process (e.g. DIGI to RHITs) 
each detector on a "need" 
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Global 
•  process (e.g. DIGI to RHITs) 
each detector fully
•  then link detectors
•  then make physics objects

GLOBAL: Reconstruct raw data detector by
detector, link detectors to make objects.
Needed when no seed given. Also: global
tracking, ∑ ET , Missing ET , ”other side of
lepton”

REGIONAL: Reconstruct data only where it
is needed. Slices of appropriate size. Need
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the number of seeds which need to be considered increases from 7 to about 44 in going from low to high
luminosity, even after taking into account the larger PT cut which is applied at high luminosity. The exe-
cution time also depends strongly on the jet energy when using the combinatorial seeding, as shown in
Figure 15-73. 

The execution time is considerably smaller if the pixel selective seeds algorithm is used (Figure 15-74), at
the expense of a slightly reduced tagging performance. 

Figure 15-72  Execution time, at low luminosity, as a function of the number of track hits used for 100 GeV di-jet
events (left bb, right uu). The three components shown with different colours are described in the text.

Figure 15-73  Execution time at high luminosity for the regional seeding and combinatorial regional tracking
algorithm, for different jet transverse energies. The left plot refers to events with one jet only in the tracker
acceptance, while the right plot shows the timing for the leading (first) and the next-to-leading (second) jet in
events when two jets are within the tracker acceptance. The error bars represent the spread in the time distribu-
tion.
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15.3.3.2 Di-muon HLT Selection

The selection criteria for each muon in an inclusive di-muon trigger are the same as those for the single
muon trigger, except that the isolation criteria need only be satisfied by one of the two muons. In addition,
at Level-3, both muons are required to have originated from the same vertex in z to within 5 mm (to re-
duce triggers from muons in separate pp collisions), whereas di-muons that have ∆φ<0.05, |∆η|<0.01, and
∆PT<0.1 GeV/c are rejected in order to remove ghost tracks.

Figure 15-20  The HLT single-muon trigger rates as a function of the PT threshold for (a) low luminosity and
(b) high luminosity. The rates are shown separately for Level-1, Level-2, and Level-3, with and without isolation
applied at Levels 2 and 3. The rate generated in the simulation is also shown.

Figure 15-21  Contributions to the Level-3 trigger rate at high luminosity from all sources of muons (a) before
and (b) after all isolation criteria have been applied. 
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The di-muon differential rate at Level-3 with respect to the di-muon invariant mass is shown in
Figure 15-25 for the low luminosity case and for a symmetric di-muon threshold of 7 GeV/c. The separate
contributions from minimum-bias collisions, Drell-Yan di-muon production, and top-quark decays are
shown.

Figure 15-24  Combined single and di-muon trigger rates as a function of both the symmetric di-muon PT
threshold and the single muon PT threshold for (a) low and (b) high luminosity.

Figure 15-25  Di-muon differential rate at Level-3 with respect to the di-muon invariant mass for the low lumi-
nosity case and for a symmetric di-muon threshold of 7 GeV/c.
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bremsstrahlung. In the endcap a cut on the energy found behind the super-cluster, in the HCAL, expressed
as a fraction of the super-cluster energy, H/E, is found to give useful additional rejection

Figure 15-9 shows, as an example, the E/P distribution for barrel electrons, and for jet background elec-
tron candidates in the barrel after selection at Level-2.5 followed by loose track finding seeded with the
Level-2.5 pixel matches. When the distributions are broken down according to the number of hits associ-
ated in the tracks, the width and proportion of events in the tail of the distribution for electrons is found to
vary (electrons which radiate little have tracks with more hits, and a better measured momentum). The ra-
tio of signal to background also varies with the number of hits. So increased performance can be obtained
by optimizing the E/P cut as a function of the number of hits in the track.

At high luminosity the additional rejection power of isolation cuts is used to reduce the background to
single electrons from jets. Three isolation techniques have been studied: ECAL isolation, pixel-track iso-
lation, and full-track isolation. Track isolation has the advantage that it is less sensitive to pileup, which is
the dominant source of signal inefficiency at high luminosity, because only tracks associated with the pri-
mary vertex are selected for the isolation cuts. The results presented in the tables below use no isolation
for electrons at low luminosity, and a simple pixel-track isolation cut at high luminosity.

Figure 15-10 shows the rejection against jet background versus the efficiency for signal electrons from
W’s when a pixel-track isolation cut is applied after the Level-2.5 selection at high luminosity. In addi-
tion, only events where a track can be made from the pixel hits of the Level-2.5 candidate are used. In
practice the isolation cut is applied after the Level-3 selection where the efficiency and rejection power
are rather similar, but the size of our jet background event samples are limited and a full mapping out of
the efficiency versus rejection curve after Level-3 is subject to larger statistical errors. The different

Figure 15-9  E/P for (upper plot) electrons and (lower plot) jet background candidates in the barrel, after
Level-2.5 selection followed by track finding seeded by the Level-2.5 pixel hits (2×1033 cm-2 s-1). The back-
ground distribution has 30% overflows.
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Figure 15-39  Rates for 1, 3, and 4-jet triggers as a function of calibrated jet ET (x axis). Also shown is the rate
for the cut that gives 95% efficiency for the generator-ET shown on the x-axis are given. Left: low luminosity.
Right: high luminosity.

Figure 15-40  The rates for 1-jet events, and the incremental 2-jet and 3-jet rates, given a 1-jet threshold of
350 GeV, at low luminosity (left), and a 1-jet threshold of 650 GeV at high luminosity (right).

Table 15-13  Jet rate summary table. The table gives the generator-level jet ET where the cut (in GeV)
on the reconstructed jet ET gives 95% efficiency for this generator-level jet ET and also gives by itself a
rate of 1 kHz (Level-1) and 1 Hz (HLT). The actual value of the cut on ET that corresponds to the 95%
efficiency points is given in parentheses.

1-jet trigger 2-jet trigger 3-jet trigger 4-jet trigger

low luminosity Level-1 177 (135) 140 (104) 85 (57) 70 (45)

high luminosity Level-1 248 (195) 199 (153) 112 (79) 95 (64)

low luminosity HLT 657 (571) 564 (489) 247 (209) 149 (122)

high luminosity HLT 860 (752) 748 (652) 326 (275) 199 (162)
� � � � � �

Calibrated Single Jet
Single Jet, 95%Eff
Calibrated Triple Jet
Triple Jet, 95% Eff
Calibrated Quad Jet
Quad Jet, 95% Eff

ET[GeV]

[
]

10
-2

10
-1

1

10

10 2

10 3

10 4

10 5

10 6

10 7

0 200 400 600 800

Calibrated Single Jet
Single Jet, 95%Eff
Calibrated Triple Jet
Triple Jet, 95% Eff
Calibrated Quad Jet
Quad Jet, 95% Eff

Calibrated Single Jet
Single Jet, 95%Eff
Calibrated Triple Jet
Triple Jet, 95% Eff
Calibrated Quad Jet
Quad Jet, 95% Eff

10
-2

10
-1

1

10

10 2

10 3

10 4

10 5

10 6

10 7

0 200 400 600 800

Calibrated Single Jet
Single Jet, 95%Eff
Calibrated Triple Jet
Triple Jet, 95% Eff
Calibrated Quad Jet
Quad Jet, 95% Eff

ET[GeV]

[
]

0 100 200 300 400 500 600 700 800
10

-2

10
-1

1

10

10
2

10
3

10
4

10
5

10
6

10
7

1 Jet Inclusive Rate

2-Jet Additional Rate for 1-jet cut = 350 GeV

3-Jet Additional Rate for 2-jet cut = 300 GeV

0 100 200 300 400 500 600 700
10

-2

10
-1

1

10

10
2

10
3

10
4

10
5

10
6

10
7 1 Jet Inclusive Rate

2-Jet Additional Rate for 1-jet cut = 650 GeV

3-Jet Additional Rate for 2-jet cut = 300 GeV

3-Jet Additional Rate for 2-jet cut = 400 GeV

3-Jet Additional Rate for 2-jet cut = 500 GeV

Taus

• L2: Narrow jet surrounded by isolation region.

• L2.5/L3: Pixel reconstruction or Full Tracker reconstruction.

Check for leading track in the calorimeter defined matching cone.

No tracks in bigger isolation cone.

iso
lat

ion
 co

ne
 R  i

je
t-t

ra
ck

 m
at

ch
in

g 
co

ne
 R

 m

signal cone R s

Lvl-2 τ-jet axis

tr 1

p p

b-tagging

• algorithm(s) rely on large value of the b-hadron proper time (large

impact parameter comparing to tracks from u,d jets),

• tracking region defined by calorimeter jet,

• regional and conditional tracking,

• HLT performance close to offline.

 

CMS: The Trigger/DAQ project Data Acquisition and High-Level Trigger
Technical Design Report, Volume II 15    Physics Object Selection and HLT Performance

347

15.6.4 Performance and Timing

In this section HLT selections are given for two samples of events: back-to-back di-jets of different trans-
verse energies and an inclusive QCD sample. The di-jet sample was produced in two different η bins:
|η| < 1.4 and 1.4 < |η| < 2.4, corresponding to the central and forward regions of the tracker. Three bins
with ET = 50, 100 and 200 GeV were used: for ET = 50 GeV the track spectrum is softer, with multiple
scattering limiting the performance of the tag, while for ET = 200 GeV the performance is limited by the
high particle density. In the generation of these events, all the pp→qq processes were included, but only
events with jets within the η and ET range in question were selected. The momenta of jets are estimated
with the PYCELL routine of PYTHIA, choosing a cell size similar to the one of the CMS calorimeter. For
the QCD sample, events generated by PYTHIA 6.152 were retained if 50 < PT

hard < 170 GeV/c. A total
of about 50,000 events in each PT

hard bin were analysed.

The performance of the selection is given in terms of the efficiency to tag b-jets against the efficiency for
u-jets, as well as execution time.

15.6.4.1 Results on Inclusive Jet Samples

Tracks are reconstructed using a regional approach as explained in Section 15.6.3, using both seeding al-
gorithms, with a cut on PT of 1 GeV/c (2 GeV/c) at low (high) luminosity. The maximum number of hits
along the track is 7. The primary vertex is reconstructed using the algorithm described in [15-23], with the
only exception being that the default cut on pixel lines is 1 GeV/c (5 GeV/c) for low (high) luminosity. 

The b-tag algorithm is the Track Counting method described in Section 15.6.1. A jet is tagged as a b-jet if
it has two tracks exceeding a threshold on impact parameter significance. Tracks are required to have at
least three (two) pixel hits for the full (staged) pixel detector configuration.

Figure 15-68 shows the performance of the algorithm for 100 GeV ET jets, for two different η regions, at
low and high luminosity. The difference in performance at low and high luminosity is due to the different
cut on the track PT and the increased pixel readout inefficiency at high luminosity [15-24].

Figure 15-68  Efficiency for the b-tag versus mistagging rate for jet with ET=100 GeV in the low (left) and high
(right) luminosity scenarios.
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Figure 4: Resolution of the longitudinal impact point from
the linear approximation, as a function of η and for for pT

values 1, 10 and 100 GeV/c.

Figure 5: Resolution of the longitudinal impact point from
the helix parametrization, as a function of η and for for pT

values 1, 10 and 100 GeV/c.
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Figure 6: Pull distribution of the longitudinal IP for single muon tracks with pT from 1 to 10 GeV/c in the full Pixel detector
acceptance.
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Table 2: Tagged and closest PV-finding efficiencies of the divisive method, for different samples of events at high and low
luminosity.

High Lumi Low Lumi

Event Type Closest PV Eff Tagged PV Eff Closest PV Eff Tagged PV Eff

qq̄ EJet
T = 100 GeV 0.99 0.97 0.98 0.97

bb̄ EJet
T = 100 GeV 0.99 0.90 1.00 0.96

QCD p̂T = 120 ÷ 170 GeV/c 1.00 0.97 1.00 0.96

QCD p̂T = 50 ÷ 80 GeV/c 0.97 0.80 0.98 0.92

Bs → µµ 0.97 0.50 0.96 0.71

h → ZZ mh = 130 GeV/c2 0.98 0.95 0.99 0.98

h → WW mh = 140 GeV/c2 0.99 0.85 0.97 0.94

h → γγ mh = 115 GeV/c2 0.96 0.52 0.94 0.75

5 Conclusions
The parameter evaluation for tracks reconstructed with three pixel hits and two different algorithms for primary-
vertex finding with these pixel tracks as input have been presented. Efficiencies of primary-vertex reconstruction
in excess of 90% are obtained for large multiplicity events, with a z-position resolution of the order of 50 microns,
for both methods, at low and high luminosities.
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Pixel detector allows for standalone global
(or regional) track reconstruction with good
space accuracy. Input to PV finding algo-
rithms.
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HLT trigger table - rates (2 · 1033cm−2s−1)

December 2002
CMS Week -- Collaboration Meeting

7
P. Sphicas
PRS Status

HLT table (low lumi)
n Total Rate: 105 Hz

955237Inclusive b-jets

815180 * 123Jet * Miss-ET

43980, (40*25)1γ, 2γ

10510Calibration/other

90119 * 52e * jet 

899657, 247, 1131-jet, 3-jet, 4-jet

76486, 591τ, 2τ

722919, 71µ, 2µ

343429, 171e, 2e

Cumul rate

(Hz)

Indiv.

Rate (Hz)

Threshold 

(ε=90-95%) (GeV)

Trigger
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HLT trigger table - efficiencies (2 · 1033cm−2s−1)

efficiencies to example signals:
channel Efficiency (fiducial obj.)

H(115GeV)→γγ 77%
H(160GeV)→WW∗→2µ 92%
H(150GeV)→ZZ→4µ 98%
A/H(200GeV)→2τ 45%
SUSY (∼ 0.5 TeV sparticles) ∼ 60%
with RP - violation ∼ 20%
W→eν 42%
W→µν 69%
t→µX 72%
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Timing Performance (2 · 1033cm−2s−1)

Numbers for a 1 GHz Pentium III (DAQ TDR, December 2002).

December 2002
CMS Week -- Collaboration Meeting

8
P. Sphicas
PRS Status

HLT: CPU usage
n All numbers for a 1GHz, Intel Pentium-III CPU

u Total: 4092 s for 15.1 kHz → 271 ms/event; 1.2x106 SI95 (100 kHz)
u Expect improvements, additions.  This is “current best estimate”, 

with ~50% uncertainty.

1500.5300B-jets

1320.8165e * jet 

1703.450Jets, Jet * Miss-ET

3903.01301τ, 2τ

25563.67101µ, 2µ

6884.31601e/γ, 2e/γ

Total (s)Rate (kHz)CPU (ms)Trigger
note: uncertainties, ex-
pected improvements, raw
data checking and format-
ting not counted, does
safety factor 3 requires
same CPU?,....
note: CPU dominated
by GEANE propagations –
now under replacement.

Weighted average for all trigger streams ' 300 ms/L1 event (2002).
Moore’s law: 2xCPU each 1.5 years → '40ms/L1 event in 2007.
40 ms/ev × 50 kHz = 2000 processors → filter farm of ∼ 1000 dual CPU boxes.
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Is there a place for B-physics?

Some Standard Model physics not included in
standard HLT selection (example B-physics).
However we want to do it at low luminosity and
during luminosity drops through fill. B-physics
dedicated algorithms at HLT are high efficient
with low CPU cost. B-physics limitations due to
Level-1 trigger. =⇒ talk by Nancy Marinelli.
There is a room for B-physics.
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Summary

• Event selection at LHC is challenging,

• CMS trigger with only two physics layers,

– Level-1: partially programmable hardware,
– HLT: great flexibility at processor farm.

• High-Level Trigger selection of 1:1000 is pos-
sible at single processor farm.

• The CMS High-Level Trigger selection opti-
mized for discovery physics,

• There is a room for exclusive B-physics.


