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Trigger Requirements



pp Cross Section and Events Rate

√s = 14 TeV
Luminosity = 2x1033  cm-2s-1 (2007) 
                      1034 cm-2s-1 (by 2010)
Interactions/xing = 5 @ 2x1033

                              20 @ 1034 cm-2s-1

σ(pp) inelastic = 80mb
Interaction rate = 140 MHz @ 2x1033

                              700 MHz @ 1034 

Δt = 25ns

High event rate  dominated by minimum bias events.
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Physics requirements

Maximize signal efficiencies for interesting physics 
signatures.
Share the available bandwidth among all possible 
HLT streams.
Flexibility to adapt to change in running conditions.
Possibility to compute trigger efficiencies from 
data.
Dedicated streams for detector calibration & 
DQM.
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Trigger requirements are driven by 
physics:
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Level-1 Trigger

Input rate 40 MHz
can store 3μs data in pipelines (~ 120 
continuous crossings): 

< 1μs for reading and processing.
~ 2μs latency to transfer the information
(FE->L1T).

Only process data from calorimeters and 
muons chambers.
This data is only coarse granularity, i.e. lower 
resolution. 
100 KHz L1 output at full designed 
performance (assuming a data size =1Mb/b.c.).
High rejection factor (~400).
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High Level Trigger

Data stored in commercial random-
access memories.

Limitation on storage ability and 
reconstruction: maximum output rate 
100-150Hz to be written on disk.

About 1000 dual-CPU processors  
receiving data from about 700 FE 
modules at a sustained bandwidth of 
100kHz×1Mb =100GB/s.
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Trigger Strategy



HLT Optimization

There is one single HLT entity (the HLT farm).

Nevertheless selection is optimized: reconstructed only parts of the events that 
can be used for fast selection.

electron/photon example

Level-2: based on calorimeter information only.

Level-2.5: partial track information (pixel match to the electromagnetic 
cluster)

Level-3: full tracks information.

Partial event reconstruction starting from Level-1 information: the muon track is 
extrapolated from the muon system to the inner tracker only in a region of interest 
pointed by the Level-1.

Use well defined L1 conditions (i.e. no volunteers) for well defined efficiencies.

L. Agostino (CERN)6/10/2006, Split

Multi-level selection strategy and reconstruction on demand:



Level-1 trigger table

E.5. Performance 563

Table E.11: The Level-1 Trigger Menu at L = 2 × 1033 cm−2 s−1 İndividual and cumulative
rates are given for the different trigger paths and selected kinematic thresholds.

Level-1 Threshold Level-1 Rate Cumulative Level-1 RateTrigger
( GeV) (kHz) (kHz)

Inclusive e γ 22 3.9 ± 0.3 3.9 ± 0.3
Double e γ 11 1.0 ± 0.1 4.6 ± 0.3
Inclusive µ 14 2.5 ± 0.2 7.1 ± 0.3
Double µ 3 4.0 ± 0.3 11.0 ± 0.4

Inclusive τ 100 2.2 ± 0.2 12.9 ± 0.5
Double τ 60 3.0 ± 0.2 14.9 ± 0.5

1-,2-,3-,4-jets 150,100,70,50 2.2 ± 0.2 15.8 ± 0.5
HT 275 2.0 ± 0.2 16.2 ± 0.5

Emiss
T 60 0.4 ± 0.1 16.3 ± 0.5

HT + Emiss
T 200, 40 1.1 ± 0.1 16.6 ± 0.5

jet + Emiss
T 100, 40 1.1 ± 0.1 16.7 ± 0.5

τ + Emiss
T 60, 40 2.7 ± 0.2 18.8 ± 0.5

µ + Emiss
T 5, 30 0.3 ± 0.1 19.0 ± 0.6

e γ + Emiss
T 15, 30 0.5 ± 0.1 19.1 ± 0.6

µ + jet 7, 100 0.2 ± 0.1 19.1 ± 0.6
e γ + jet 15, 100 0.6 ± 0.1 19.2 ± 0.6
µ + τ 7, 40 1.2 ± 0.1 19.8 ± 0.6
e γ + τ 15, 60 2.6 ± 0.2 20.5 ± 0.6
e γ + µ 15, 7 0.2 ± 0.1 20.5 ± 0.6

Prescaled 22.3 ± 0.6
Total Level-1 Rate 22.3 ± 0.6
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Luminosity of 
2×1033cm-2s-1

Include safety
 margin!



Trigger Objects and Selection 



Electron/Photon

With respect to the details and rates given in [1] there has been only one significant change in the Level-1 algorithm.

For Level-1 triggers that saturate the calorimeter trigger scale ( = 63.5) all Level-1 trigger cuts [6] have been

removed, and the candidates are treated as if they were isolated. This strategy increases the efficiency for high

electrons and photons at a small cost in Level-1 trigger rate. Figure 1 shows the Level-1 trigger rate, mainly due

to jet events, and the efficiency for 120 mass Higgs events decaying into four electrons or two photons. The

rates have been estimated for jet events simulated with PYTHIA with larger than 15 .

In principle other Level-1 triggers could be considered such as:

single non-isolated;

single unidentified;

double with one isolated and one non-isolated;

double with one isolated and one unidentified;

double with one non-isolated and one unidentified;

double unidentified.

While the first two single triggers will probably not be viable because of the increased trigger rate, those that

require one isolated tower and the other either non-isolated or unidentified could replace the double non-isolated

one.
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Figure 1: Level-1 trigger rate for jets events (left), efficiency for H 4e events (middle) and efficiency for H

events (right) as function of the trigger thresholds.

Table 2 and 3 show the Level-1 trigger rates at low luminosity and the Level-1 trigger efficiencies for benchmark

photon and electron signal channels, respectively. The efficiencies are quoted inside the fiducial region of the

electromagnetic calorimeter. For the double trigger the thresholds are the same for the two candidates.

Table 2: Level-1 trigger rates at low luminosity ( )

Single isolated Double isolated Double non-isolated Total

3400 Hz 1010 Hz 420 Hz 4440 Hz
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Table 2 and 3 show the Level-1 trigger rates at low luminosity and the Level-1 trigger efficiencies for benchmark

photon and electron signal channels, respectively. The efficiencies are quoted inside the fiducial region of the

electromagnetic calorimeter. For the double trigger the thresholds are the same for the two candidates.
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Table 3: Level-1 trigger efficiency at low luminosity ( ) for events in the fiducial region of the

electromagnetic calorimeter.

Signal Process Single isolated Double isolated Double non-isolated Total

99.3% 89.2% 94.7% 99.7%

( )

90.8% 89.5% 79.5% 96.5%

( )

93.5% 81.0% 85.1% 97.1%

89.8% 2.7% 2.0% 90.0%

4 High Level Trigger

The strategy of the HLT is to use only calorimeter information, that need less CPU resources at Level-2, apply the

matching of electromagnetic super-clusters [8] with pixel hits at Level-2.5 in order to identify electrons and use

the full detector information, including all reconstructed charged tracks, at Level-3.

A further detailed optimization of the High Level Trigger was recently carried out. The major changes with respect

to the study reported in [1] are the following:

the strict restriction to the fiducial region of the electromagnetic calorimeter (ECAL) has been relaxed, so that

the region of the barrel/endcap transition (1.4442 1.5660) is no longer excluded; the corresponding

trigger rate increase is of the order of a few per cent;

the Level-2 threshold cuts are lowered by about 2 GeV;

the Level-1 single trigger is now allowed to populate the double electron and photon streams, that is double

electron/photon triggers are allowed where one of the electrons/photon does not match a Level-1 trigger;

the isolation cuts at Level-3 have been redefined by introducing track and ECAL isolation and replacing the

default ORCA h/e ratio with a better isolation variable in the hadron calorimeter. Higher signal efficiencies

and lower rates are obtained. In the case of the double photon stream this allows a lowering of the thresholds.

4.1 Level-2 trigger

The Level-2 trigger mainly consists in the verification of the Level-1 trigger information. Electromagnetic clusters

are reconstructed in the ECAL and they are requested to pass thresholds consistent with those requested at

Level-1. The Level-1 thresholds are applied on the reconstructed transverse energies of the trigger towers. These

are corrected to be on average equal to the true electron or photon energy, therefore The efficiency for electrons

and photons with equal to the threshold is expected to be approximately 50%.

Figure 2 shows the response for electrons and photons of Level-1 isolated trigger towers and of the Level-2

super-clusters. The resolution of the super-clusters is dominated by the pseudo-rapidity uncertainty related to

the fact that at Level-2 the electron/photon vertex is assumed to be at the nominal production vertex. The efficiency

as a function of the generated for different thresholds, for isolated triggers and Level-2 super-clusters are shown

in Figure 3. The efficiency almost reaches 100% as it is computed using only events where a generated photon or

electron is matched with an isolated trigger.

For the moment the thresholds are kept at the same numerical values of the Level-1 trigger thresholds and in

addition the absolute value of the pseudo-rapidity of the reconstructed electromagnetic cluster (computed using

the nominal vertex) is required to be less than 2.5.

HCAL energy in the tower behind the electron/photon candidate divided by the energy of the candidate itself

5

H->γγ

Jets

 Different types of energy 
deposition with increasingly 
tighter cuts on isolation: 
isolated, non-isolated and 
unidentified. 

Three streams output from 
L1: single isolated, double 
isolated, double non-isolated.

Efficiencies:
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Electron/Photon (Level-2)
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Figure 3: Trigger efficiency as function of the generator level of electrons and photons for different thresholds

on the Level-1 isolated trigger towers (left) and on the super-cluster corrected energy (right).
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Level-2 confirms Level-1 decision.
At Level-2 

electromagnetic clusters 
are reconstructed 
improving the resolution 
(sharper turn-on curves).

Efficiencies computed 
with respect to electrons/
photons generated in the 
fiducial ECAL volume 
and matching a trigger 
candidate (~100% 
efficiency).
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Electrons (Level-2.5)
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Electrons (Level-3)
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Figure 5: Effect of varying the hadron calorimeter isolation and track isolation cuts on the the background rate and

signal efficiency for the processes (top) and (bottom) in the double isolated

electron stream. The vertical line shows the position of the chosen cut. In the track isolation plot a cut at

on the hadron calorimeter energy within is applied.
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Full tracking information 
available.

Isolation variables based 
on ECAL, HCAL, TRACKER 
information.

Significant improvements 
w.r.t DAQ TDR.
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Figure 4: Effect of varying the hadron calorimeter isolation (left) and track isolation (right) cuts on the the back-

ground rate and signal efficiency for the process in the single electron stream. The vertical line shows

the position of the chosen cut. The signal efficiency is estimated from a sample where neither of the two isolation

cuts have been applied. In the track isolation plot, a cut at on the hadron calorimeter energy (in a cone

) is applied.

Table 4: HLT cuts for the electron streams.

Variable Single electron Double electron

HCAL Isolation

Track Isolation

(Barrel) –

(Endcaps) –

9

HCAL Isolation TRACK Isolation

H->ZZ*->4e

H->ZZ*->4e
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Photons (Level-3)

Table 8: HLT efficiency of the single and double photon triggers for low luminosity

Signal Process Single photon Double photon Total Double photon Total

including from including from

single L1 single L1

14.0% 85.8% 87.4% 86.8% 88.4%

( )

16.9% 96.9% 97.2% 97.8% 98.0%

( )

After analysis cuts

– 68.9% 68.9% 70.0% 70.0%

– 57.8% 57.8% 59.6% 59.6%

( )

Note also that the double photon HLT trigger is very efficient for double electron processes, because, in order to

keep conversions, no veto on matching tracks is applied. This feature could be exploited, particularly in the early

stages of the CMS data taking, to verify the cluster-track matching requirements of the electron HLT.

As can be seen from Table 5 the HLT trigger rate for the single photon selection is less than 3.5 Hz of which

about Hz are due to the + jet process that is irreducible. Therefore the single photon trigger threshold of 80

cannot be reduced without substantially increasing the final HLT output rate. On the other hand it would be

useful to select + jet events even at lower for different purposes. The HLT trigger rate for the single photon

selection becomes approximately 400 Hz for an cut of 23 . Analogously the HLT trigger rate for the double

photon selection is approximately 20 Hz when the cut is relaxed at 12 (19) for the isolated (non-isolated)

trigger. This reduction would allow the study of the process that is the main irreducible background to

the search.

If the Level-3 thresholds were not applied, the photon HLT rates would substantially increase. Figure 7 shows

the HLT rates as function of the Level-3 thresholds after applying only isolation cuts.
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Figure 7: Trigger rate for the HLT photon selection without Level-3 cuts.

Pre-scaled HLT triggers are foreseen to be implemented with these thresholds and with pre-scaling factors defined

as function of the photon candidates in such a way that the differential rate with respect to is constant [1].
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In addition, the possibility to populate the double trigger with events from the single Level-1 trigger has been

investigated. This is accomplished by recovering the second leg of the double stream from electrons that do not

match a Level-1 trigger candidate. The Level-2 threshold can also be lowered from to . A small gain

of about 1% is observed for the process .

4.4 Level-3 trigger for photons

Photons have a large background coming from high particles decaying into photons, such as neutral pions.

Isolation requirements are the most important tool that allows to reduce this background. In our benchmark signal

process the two photons are isolated while in the reducible background processes such as and

at least one of the photon candidates comes from the fragmentation of a jet and is not well isolated.

The other handle that can be used to reduce the trigger rate is to increase the cuts on the candidate photons.

The isolation variables used at trigger level are:

number of tracks with PT larger than 1.5 inside a cone with around the photon candidate;

total of all island basic clusters [8] with around the photon candidate, excluding those belong-

ing to the super-cluster itself;

total transverse energies of hadron calorimeter towers within around the photon candidate.

Different cuts are applied on these variables for the single and double triggers with looser cuts being applied on

the double trigger. In case of the double stream triggers the cuts are applied on both photon candidates.

For the final selection, mainly aimed at the search, the threshold for the single trigger is 80 while

for the double it is 30 for the highest photon and 20 for the second highest photon.

A summary of all HLT cuts is reported in Table 7. It should be noticed that the cut on the track isolation for

the double trigger allows a maximum of two charged tracks inside the isolation cone, thus selecting also all early

conversions for which two tracks are found near the direction of the photon.

Table 7: HLT cuts for the single and double photon streams.

Variable Single photon Double photon

Track isolation

HCAL isolation (Barrel)

HCAL isolation (Endcaps)

ECAL Isolation

Table 5 shows the output rates after the HLT for photon streams at low luminosity ( ) and Table 8

shows the corresponding trigger efficiencies in the fiducial region for signal channels. The last two columns in the

table show the improvement in the double trigger efficiency coming from the acceptance of events only passing

the single Level-1 trigger.

For the process the HLT trigger efficiency for events passing possible off-line analysis cuts is also

shown . The 2% trigger inefficiency is due to the fact that in the above preliminary selection no cuts on HCAL

isolation are applied.

In the events there should be two candidate photons with larger than 40 and 25 respectively. The pseudo-rapidity

of the two candidates should satisfy or . No tracks with should be

present within around each candidate; The sum of electromagnetic clusters, excluding those belonging to the

photon candidate, within around each candidate should be less than 1.2 and 1.6 in the barrel and in

the endcaps respectively The invariant mass of the pair of candidates should satisfy .
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Photons have a large 
background coming from decays 
of high Et particles (π0).

 Isolation criteria and Et cuts 
allow to reject a big fraction of 
this background.

Nevertheless there is 
interesting data below 80 GeV 
(efficiencies studies, calibration 
studies, background studies for 
H->γγ).

Prescaling below the 80 GeV 
is a solution.
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Electron/photon Trigger Rates
Table 5: Output rates from HLT for electron and photon streams at low luminosity ( ). Rates

corresponding to NLO cross section calculations are reported in brackets.

Signal LO NLO Background Total

Single electron 9.8 Hz (11.6 Hz) Jets 9.4 Hz 21 Hz

( 26 ) 1.3 Hz (1.5 Hz)

Double electron 1.1 Hz (1.3 Hz) Jets 0.8 Hz 1.9 Hz

( 12 )

Single photon + jet 2.1 Hz Jets 1.4 Hz 3.5 Hz

( 80 )

Double photon 0 Hz Jets 1.9 Hz 2.3 Hz

( 30, 20 ) + jet 0.4 Hz

Total: 13.3 Hz 13.9Hz 27.2 Hz

Table 6: HLT efficiency for events in the ECAL fiducial region at low luminosity ( ) for single

and double electron triggers.

Signal Process Single electron Double electron Total Double electron Total

including from including from

single L1 single L1

68.0% – 68.0% – 68.0%

81.2% 76.7% 89.5% 77.1% 89.6 %

76.9% 83.2% 90.2% 84.1% 90.3 %

( )

11

~20 Hz in DAQ TDR, i.e. 20%
of the total rate!

• Possible improvements without much degradation of the signal 
efficiencies are possible if needed.
• General improvement with respect to the DAQ TDR.
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9.4. High-Level trigger 361
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Figure 9.33: Cumulative efficiency for single muons to pass Level-1 (solid), Level-2 (dashed),
and Level-3 (dot-dashed) trigger levels as a function of the generated muon pseudorapidity.
No thresholds on pT are applied. The vertical axis is zero-suppressed.

 threshold [GeV/c]µ
T

p
10 15 20 25 30

 threshold [GeV/c]µ
T

p
10 15 20 25 30

R
at

e 
[H

z]

10

210

310

410

generator

Level-1
Level-2
Level-3

Figure 9.34: HLT single-muon rates after Level-1, Level-2, and Level-3 triggers, as a function
of the pT threshold for a luminosity of 2 × 1033 cm−2s−1. The rates are obtained without
applying isolation cuts.

Muon Streams 
 Level-1: match DT, CSC and RPC tracks 

segments.
 Level-2: stand-alone muon (with seed 

from Level-1) pointing to interaction vertex 
+ Pt cut and calorimeter isolation.

Level-3: full tracker information (seed 
from Level-2). At least 5 silicon hits (pixel or 
strips) + track isolation.

Cumulative efficiency from L1 to L3

gaps in muon chambers

562 Appendix E. Online Selection

Table E.9: Contributions to the HLT rates for the electron and photon triggers from the vari-
ous MC datasets.

Threshold Rates (Hz)Trigger
( GeV) QCD W −→ eν Z −→ ee jet(s) + γ

Inclusive e 26 12.6 ± 6.7 9.7 ± 0.2 1.2 ± 0.0 —
e-e 12, 12 0.1 ± 0.1 — 1.0 ± 0.0 —

Relaxed e-e 19, 19 0.3 ± 0.1 — 1.0 ± 0.0 —
Inclusive γ 80 1.1 ± 0.2 — — 2.0 ± 0.1

γ-γ 30, 20 1.3 ± 0.8 — — 0.3 ± 0.0
Relaxed γ-γ 30, 20 0.9 ± 0.6 — — 0.3 ± 0.0

Table E.10: Contributions to the HLT rates for the muon triggers from the various MC
datasets.

Threshold Rates (Hz)Trigger
( GeV) Enriched-µ sample W −→ µν Z −→ µµ

Inclusive µ 19 10.9 ± 0.8 13.4 ± 0.3 1.5 ± 0.0
Relaxed µ 37 5.1 ± 0.5 5.7 ± 0.1 1.1 ± 0.0

µ-µ 7, 7 3.4 ± 0.4 — 1.3 ± 0.0
Relaxed µ-µ 10, 10 7.1 ± 0.5 — 1.4 ± 0.0

Relaxed=no requirement on isolation.

L. Agostino (CERN)6/10/2006, Split
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Figure 9: The integrated high-level trigger rate for standard single-muons above the applied pT threshold as a
function of the corresponding threshold, for L = 2 × 1033 cm−2 s−1. The contributions from the minimum bias,
the W −→ µν and Z −→ µµ samples are shown separately.
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Figure 10: The integrated high-level trigger rate for relaxed single-muons above the applied pT threshold as a
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Single Jet Triggers
HLT jets: iterative seed jet cone algorithm. It helps reducing low Et jets from pileup and noise.
 Jet energy response varies with eta; energy scale corrections are implemented.

 Total output ~ 10Hz  divided in at least three 
overlapping streams with different Et thresholds and  
proper prescale factor.

 Level-1 threshold designed such that at the HLT 
threshold, the efficiency is ~95%. This guarantees that 
most of the collected data can be used in analyses.   
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Figure 4: Rate of jet trigger as a function of dijet mass. The 3 plots correspond to 3 luminosity
scenarios in the trigger table 1. Each plot shows the rate as a function of dijet mass for
multiple triggers with the listed HLT pT thresholds and prescales.
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 Large di-jet mass spectrum (up to 6 TeV)  is 
covered by the combination of these triggers. 

From the regions where at least one trigger 
is fully efficient, the di-jet  mass spectrum can 
be reconstructed.

4.3 Dijet Mass Distribution

In Fig. 7 we combine the triggers to produce a differential cross section across the full mass
spectrum resulting from QCD dijet production. The prescaled triggers allow us to measure
mass down to 330 GeV, or even smaller if we can understand the efficiency of the lowest
threshold trigger. The mass measured with the prescaled triggers will allow us to connect
to dijet masses measured at the Tevatron [8, 9]. Since there has has been no new physics
beyond the standard model discovered in dijets at the Tevatron, this mass region can be a
control region of the CMS measurement which defines the QCD background to searches for
new physics with dijets.
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Figure 7: QCD differential cross section vs. dijet mass, showing the contributing jet triggers
with different symbols, listed with their path names and pT thresholds at HLT in the legend.

In Fig. 7 the cross sections from each trigger sample trivially combine to form a smooth
spectrum, because they all originate from a smooth Monte Carlo distribution. In the actual
experiment the data samples come from the different trigger paths of table 1, each with dif-
ferent prescales, and there is always the question of how reliably the paths operated and
how well the prescales are known. If the trigger did not always fire when it should, or if the
prescales were wrong, then the cross sections from each trigger sample might not combine
to form a smooth spectrum, artificially introducing wiggles that could be misinterpreted as
new physics. In the real experiment, to insure the integrity of the trigger and prescale, we
can measure the cross section in the overlap region where both triggers are fully efficient,
and insure that the cross section at a given mass is the same from each trigger. The overlap
among triggers was used by the Tevatron experiments [8, 9] to measure the prescales and
constrain their systematic uncertainty.
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Missing Et 

Calorimeter information is used to measure the missing Et.
 Negative vector sum of  energies (above a given threshold)  in all the calorimeter towers.
Large background from inclusive di-jet production where one jet is not well measured, 

use phi-correlation to reject this background.
CMS High Level Trigger 52

Figure 34. Event rates as function of E/T when requiring a jet above a threshold as marked
for (left) low luminosity and (right) high luminosity.

Figure 35. Rate versus the E/T requirement that gives 95% efficiency for a given generated
E/T at low (left) and high (right) luminosity. The reference sample used for the mapping of
the generated and the offline E/T is a Higgs sample with di-leptons plus missing energy in the
final state. The crosses correspond to the Level-1 rate, the circles to the HLT rate, and the
triangles to the rate for a corrected E/T algorithm applied at the HLT.
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τ-lepton Trigger (I)
MSSM neutral Higgs boson into two τ leptons when both τ ’s decay hadronically, thus producing two τ jets in the
final state. At the HLT a double τ -jet identification is needed to suppress the rate from the single or double Level 1
τ trigger [6]. Table 7 shows the QCD multi-jet background rate in kHz at the luminosity of 2×1033s−1cm−2 for

the Level 1 single, double, and single or double τ triggers with the single (double) trigger threshold of 93 (66) GeV
optimized in Refs. [9] and [6]. The rate is shown for six p̂T bins of the background between 30 and 300 GeV/c.
The three p̂T bins in the interval between 50 and 170 GeV/c give the dominant (> 90 %) contribution to the rate.

Therefore, these three bins are used to evaluate the rejection factor at the HLT with the double τ -jet tagging. The
signal efficiency of the HLT selections was evaluated for two masses of the MSSM neutral Higgs boson: 200 and

500 GeV/c2 produced in the association with a bb̄ quark pair. The presence of b jets in the final state can lead to the
presence of tracks inside the τ jet coming from the b quark decays, which can affect the tagging performances. All
the efficiencies presented in this section are given with respect to events which pass the Level 1 single or double τ
trigger.

Rate, kHzp̂T, GeV/c cross section, fb
single τ double τ single or double τ

30-50 1.56 × 1011 0.04 0.08 0.12

50-80 2.09 × 1010 0.59 0.70 1.19

80-120 2.94 × 109 1.32 0.75 1.65

120-170 5.00 × 108 0.46 0.16 0.48

170-230 1.01 × 108 0.10 0.03 0.10

230-300 2.39 × 108 0.02 0.007 0.021

total rate 2.53 1.73 3.56

Table 7: Rate for the QCD multi-jet background in kHz at a luminosity of 2×1033s−1cm−2 for the Level 1 single,

double, and single or double τ triggers with single (double) trigger threshold of 93 (66) GeV. The rate is shown for
six p̂T bins of the background generation.

At the HLT the two jets are reconstructed with the calorimeter in the regions given by the first and the second

Level 1 τ jets. If the second Level 1 τ jet does not exist in the Global Level 1 calorimeter trigger output, the jet
is reconstructed in the region of the first Level 1 Central jet (the jets are ordered in transverse energy, so the first

jet means the largest ET jet). For the signal events the two jets selected in this way have a good purity, 97 % for

the first and 82 % for the second jet, moreover the purity does not depend on the Higgs boson mass between 200

and 800 GeV/c2. The other tagging methods previously discussed (track counting, impact parameter, flight path,

invariant mass) are not used at the High Level trigger since the isolation alone and the cut on the pT of the leading

track were proved to be sufficient to reject the QCD background down to the acceptable level.

The next step in the HLT selection is the τ tagging of the two τ jets coming from the H→ ττ . Two different
approaches are investigated:

• ECAL isolation, followed by the tracker isolation with the tracks reconstructed using only the pixel detector.

• Tracker isolation with the regional track reconstruction using both the pixel and the silicon tracker layers.

The first approach is fast and gives a good performance as far as the isolation algorithm is concerned. It is therefore

the preferred approach for decays with two taus in the final state (like A/H → ττ ) where the isolation is sufficient
to reach the required background rejection factor. The second approach is slower but gives a more accurate estima-

tion of the track momenta. It is therefore useful in the channels like charged Higgs boson decay into τ lepton and
neutrino. The HLT selection for these events requires a large missing ET and the tracker τ isolation must complete
the selection with a tight cut on the momentum of the leading pT track in the signal cone [6]. More details on the

logic of the trigger system can be found in [2, 6, 7, 10].

4.2 The τ selection based on ECAL and pixel isolation

The ECAL plus the pixel-track isolation at the HLT is referred to as the Calo+Pxl τ trigger. In this approach, the
Level 1 rate is first suppressed with a factor of # 3 with the ECAL isolation applied to the first jet. Figure 24

shows the efficiency of the ECAL isolation for the signal and for the QCD multi-jet background as a function

of the ECAL isolation parameter cut Pcut
isol. The efficiency is shown for events which pass the Level 1 single or

double τ trigger. A rejection factor of three can be achieved with Pcut
isol=5 GeV. The remaining background rate is

17

Level-1 rates from QCD jets background

The level-1 rate is dominated by QCD jets.
Single and double τ triggers optimized for SUSY searches (H0->ττ).
HLT τ-jets are reconstructed by the calorimeters in a region given by the 

Level-1. 

After the jets are reconstructed, τ-jet tagging is performed.
In order to contain the rate, two jets have to be tagged.
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τ-lepton Trigger (II)

Types of τ-jet tagging used at the HLT: 

, GeVcut
isol

P
2 4 6 8 10 12 14

e
ff

ic
ie

n
c
y

0

0.2

0.4

0.6

0.8

1

 jets, 30-50 GeV!

 jets, 50-70 GeV!

 jets, 80-110 GeV!

 jets, 130-150 GeV!

QCD jets, 30-50 GeV

QCD jets, 50-70 GeV

QCD jets, 80-110 GeV

QCD jets, 130-150 GeV

Figure 7: Efficiency of the electromagnetic isolation for τ jets and QCD jets in the several bins of the true transverse
energy when the value of Pcut

isol is varied.

3.2 Tracker Isolation

The principle of τ -jet identification using the tracker isolation is shown in Fig. 8. The direction of the τ jet is
defined by the axis of the calorimeter jet. The tracks above a threshold of pm

T and in a matching cone of radiusRm

around the calorimeter jet direction are considered in the search for signal tracks. The leading track (tr1 in Fig. 8)
is defined as the track with the highest pT. Any other track in the narrow signal cone Rs around tr1 and with
z-impact parameter ztr close to the z-impact parameter of the leading track zltr

tr (|ztr − zltr
tr | < ∆ztr) is assumed

to come from the τ decay. Tracks with |ztr − zltr
tr | smaller than a given cut-off (∆ztr) and transverse momentum

above a threshold of pi
T are then reconstructed inside a larger cone of the size Ri. If no tracks are found in the Ri

cone, except for the ones which are already in the Rs cone, the isolation criteria is fulfilled.

Figure 8: Sketch of the basic principle of τ -jet identification using the tracker isolation.

Figure 9 shows the tracker isolation efficiency for the τ jets (left plot) and QCD jets (right plot) as a function of the
isolation cone Ri for two values of the signal cone Rs=0.07 and Rs=0.04. 50-70 and 30-50 GeV. The remaining

tracker isolation parameters are: Rm=0.1, pi
T=1 GeV/c, ∆ztr=2 mm. The leading track pT was required to be

greater than 6 GeV/c. Tracks were reconstructed with the combinatorial track finder algorithm [8] requiring at

least 8 hits per track and the normalized χ2 <10, with at least two reconstructed hits inside the pixel detector. Jets
were reconstructed in the calorimeter with the iterative cone algorithm taking a cone size of 0.4. The reconstructed

QCD jets should match the two leading ET Monte Carlo jets. The matching criteria requires that the distance

6

was evaluated as a function of the true transverse energy EMC
T and the pseudorapidity of the jet. The true τ -jet

transverse energy is defined as the energy of the τ lepton without neutrino energy in the decay τ → hadrons+ν.
The true energy of the QCD jet is the energy of the Monte Carlo jet found using the cone algorithm with the cone

size of 0.5. The cone algorithm uses the Monte Carlo stable particles, excluding neutrinos and muons, as an input.

The efficiency for the QCD events, to pass the Monte Carlo preselection and the matching criteria was found to be

of order of 12%. In the following sections (apart from the Section 4) the efficiency are computed on these matched

jets events, and they don’t include the matching and preselction efficiency.

3.1 Isolation in the Electromagnetic calorimeter

Hadronic τ decays produce localized energy deposit in the electromagnetic calorimeter (ECAL). Several variables
were tried to quantify this feature and to use it for τ tagging and QCD-jet rejection [2]. The electromagnetic
isolation parameter Pisol defined as

Pisol =
∑

∆R<0.40

ET −
∑

∆R<0.13

ET (1)

was found to provide the best efficiency for hadronic jet rejection. The sums run over transverse energy deposits in

the electromagnetic calorimeter, and∆R is the distance in η −ϕ space from the reconstructed τ jet axis. Jets with
Pisol < Pcut

isol are considered as τ candidates. More information about the choice of this variable and the parameters
can be found in Refs [3] and [4].

Figure 6 shows the efficiency of the ECAL isolation for τ jets as a function of EMC
T (left plot) and |ηMC| (right

plot) for Pcut
isol = 5 GeV. The efficiency is shown separately for four final states of hadronic decays of the τ lepton.

Only a small (# 5%) variation withEMC
T is observed over a large region of transverse energies from 30 to 300 GeV.

The variation in pseudorapidity for τ decays with π0’s in the final state follows the η variation of the amount of the
tracker material in front of the ECAL. This correlation is due to electrons and positrons from photon conversions in

the tracker material contaminating the ECAL isolation region. Figure 7 shows the efficiency of the electromagnetic
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Figure 6: Efficiency of the ECAL isolation for τ jets as a function of EMC
T (left plot) and |ηMC| (right plot) for

Pcut
isol = 5 GeV. The efficiency is shown separately for several final states of hadronic decays of τ lepton.

isolation for τ jets and QCD jets in several bins of the true transverse energy when the value of Pcut
isol is varied. The

ECAL isolation can provide a rejection factor# 5 against largeET QCD jets (> 80 GeV) with the efficiency better

than 80%. The efficiency for QCD jets decreases with increasing ET of the jet. The explanation for this behaviour

is that low energy charged particles (pT < 2 GeV/c) are bend out of the 0.4 cone and so don’t contribute to the

energy sum in the Pisol formula [5].

5

ECAL isolationI) ECAL isolation: performs sum of the 
transverse energy in a cone . A veto 
region around the jet direction is excluded 
from the sum.
II) Pixel Isolation: isolation in the pixel 
detector is performed by reconstructing 
tracks with consistent hits in all pixel 
layers.
III)Track Isolation: isolation is 
performed using full track information 
only in a region defined around the 
calorimeter jet direction.

HLT Streams Rate (Hz)
Ecal+Pixel double τ 4.1
Tracker double τ 6.0
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b-Jet Tagging
Important topic for many  physics studies (MSSM Higgs, top, etc.) 
cτ = 450 μm gives large impact parameters w.r.t. the production vertex. Very useful to 

reject background.

LEVEL-2.5: 
• Optimized for speed (work at 1kHz). 
• Fast track reconstruction performed in 
the pixel detector only.
•Poor momentum resolution with 
subsequent deterioration of the sensitivity 
for transverse impact parameter.
•Fake rate ~10%.

LEVEL-3: 
• Must pass Level-2.5 
• Full track reconstruction in a region of 
interest identified as a b-jet from Level-2.5.
•Good momentum resolution.
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Figure 12.32: Regional (leftmost figure) and pixel-only (rightmost figure) reconstruction b-
tagging efficiency and light jet rejection for the track counting algorithm on a sample of
hadronically decaying top pairs. The curves are obtained by scanning over the signed 3D IP
significance for the N th track in the jet (ordered in order of decreasing significance), where
N = 2 for pixel-only reconstruction and N = 3 for regional reconstruction. The curve for
b-jets versus light jets is shown with open markers, while that for b-jets versus c jets has filled
markers.
full tracker (and only certain regions). Thus, even though the track reconstruction may be
relatively slow, its weight on the time employed for the average event is very small.

12.2.6.6 Performance for different scenarios

The b-tagging performance depends crucially on those measurements that are closest to the
interaction vertex. In scenarios where the pixel detector is not present, b-tagging is essentially
reduced to the use of leptons.

Moreover, the lifetime based algorithms rely heavily on the correctness of the track parame-
ter error estimates. Provided that the error estimates are reasonably accurate, the b-jet trigger
should not be very sensitive to the envisaged misalignment of the pixel detector.

Finally, the impact parameter in the transverse plane is determined with respect to the nomi-
nal beam position. The algorithms thus rely on an accurate measurement of the beam spot to
be available, even in the HLT environment. This issue is further discussed in Section 6.5.6.4.

12.2.7 Robustness of the performance

The performance studies shown for the different algorithms in the previous sections have
been carried out under the assumption of a complete and perfectly aligned detector. How-
ever, in reality, the alignment will always be somewhat imperfect and at the beginning of
data taking some detector components may be missing. The effect of a missing layer of the
pixel detectors will be studied in an addendum to this document. The focus here will be
on the performance that can be expected for an imperfectly aligned tracking detector. Since
the pixel and silicon strip detectors are extremely precise devices with spatial resolutions of
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Figure 12.32: Regional (leftmost figure) and pixel-only (rightmost figure) reconstruction b-
tagging efficiency and light jet rejection for the track counting algorithm on a sample of
hadronically decaying top pairs. The curves are obtained by scanning over the signed 3D IP
significance for the N th track in the jet (ordered in order of decreasing significance), where
N = 2 for pixel-only reconstruction and N = 3 for regional reconstruction. The curve for
b-jets versus light jets is shown with open markers, while that for b-jets versus c jets has filled
markers.
full tracker (and only certain regions). Thus, even though the track reconstruction may be
relatively slow, its weight on the time employed for the average event is very small.

12.2.6.6 Performance for different scenarios

The b-tagging performance depends crucially on those measurements that are closest to the
interaction vertex. In scenarios where the pixel detector is not present, b-tagging is essentially
reduced to the use of leptons.

Moreover, the lifetime based algorithms rely heavily on the correctness of the track parame-
ter error estimates. Provided that the error estimates are reasonably accurate, the b-jet trigger
should not be very sensitive to the envisaged misalignment of the pixel detector.

Finally, the impact parameter in the transverse plane is determined with respect to the nomi-
nal beam position. The algorithms thus rely on an accurate measurement of the beam spot to
be available, even in the HLT environment. This issue is further discussed in Section 6.5.6.4.

12.2.7 Robustness of the performance

The performance studies shown for the different algorithms in the previous sections have
been carried out under the assumption of a complete and perfectly aligned detector. How-
ever, in reality, the alignment will always be somewhat imperfect and at the beginning of
data taking some detector components may be missing. The effect of a missing layer of the
pixel detectors will be studied in an addendum to this document. The focus here will be
on the performance that can be expected for an imperfectly aligned tracking detector. Since
the pixel and silicon strip detectors are extremely precise devices with spatial resolutions of
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Additional Triggers

Triggers on forward physics can be exploited taking advantage of the 
unprecedented pseudorapidity coverage of CMS + TOTEM detectors. 

An Ht trigger: sum of jet corrected transverse energy (Et>5 GeV) in the 
region η<5 with the Pt (>5GeV) of HLT muons and the missing Et. This 
trigger is combined with other HLT objects.

Acoplanar  di-jet and jet + MEt triggers (ex. SUSY searches): thanks to 
the topology constraint a lower energy threshold can be implemented.

Many cross-triggers (combination of different basic HLT objects) are 
under investigation. These triggers profit from relatively low rate and 
take advantage of the correlation between the objects to reduce the 
thresholds applied to the basic (single, double) triggers.
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Additional triggers (cont.) 

Etmiss + X where X = Ht or Jet(s) or lepton: this triggers 
allowes to access Etmiss enhanced data, for example:

Etmiss + jets: important for SUSY searches has the 
additional advantage of a reduced threshold on the 
jets objects.

Etmiss + l: exploit the presence of W bosons or top 
with a low Pt threshold on the lepton.

e+μ: useful for SUSY searches, Higgs decays (ex. H-
>ττ) lepton number violation studies etc.  Also in this 
case a reduction in the single electron threshold can be 
achieved.
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Summary and Conclusions
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Table 12: The High-Level Trigger Menu at L = 2 × 1033 cm−2 s−1 for an output of approxi-
mately 120 Hz. The ET values are the kinematic thresholds for the different trigger paths.

Level-1 Level-1 HLT Threshold HLT RateTrigger
bits used Prescale ( GeV) (Hz)

Inclusive e 2 1 26 23.5 ± 6.7
e-e 3 1 12, 12 1.0 ± 0.1

Relaxed e-e 4 1 19, 19 1.3 ± 0.1
Inclusive γ 2 1 80 3.1 ± 0.2

γ-γ 3 1 30, 20 1.6 ± 0.7
Relaxed γ-γ 4 1 30, 20 1.2 ± 0.6

Inclusive µ 0 1 19 25.8 ± 0.8
Relaxed µ 0 1 37 11.9 ± 0.5

µ-µ 1 1 7, 7 4.8 ± 0.4
Relaxed µ-µ 1 1 10, 10 8.6 ± 0.6

τ + Emiss
T 10 1 65 (Emiss

T ) 0.5 ± 0.1
Pixel τ -τ 10, 13 1 — 4.1 ± 1.1

Tracker τ -τ 10, 13 1 — 6.0 ± 1.1
τ + e 26 1 52, 16 < 1.0
τ + µ 0 1 40, 15 < 1.0

b-jet (leading jet) 36, 37, 38, 39 1 350, 150, 55 (see text) 10.3 ± 0.3
b-jet (2nd leading jet) 36, 37, 38, 39 1 350, 150, 55 (see text) 8.7 ± 0.3

Single-jet 36 1 400 4.8 ± 0.0
Double-jet 36, 37 1 350 3.9 ± 0.0
Triple-jet 36, 37, 38 1 195 1.1 ± 0.0

Quadruple-jet 36, 37, 38, 39 1 80 8.9 ± 0.2
Emiss

T 32 1 91 2.5 ± 0.2

jet + Emiss
T 32 1 180, 80 3.2 ± 0.1

acoplanar 2 jets 36, 37 1 200, 200 0.2 ± 0.0
acoplanar jet + Emiss

T 32 1 100, 80 0.1 ± 0.0
2 jets + Emiss

T 32 1 155, 80 1.6 ± 0.0
3 jets + Emiss

T 32 1 85, 80 0.9 ± 0.1
4 jets + Emiss

T 32 1 35, 80 1.7 ± 0.2

Diffractive Sec. 0.3 1 40, 40 < 1.0
HT + Emiss

T 31 1 350, 80 5.6 ± 0.2
HT + e 31 1 350, 20 0.4 ± 0.1

Inclusive γ 2 400 23 0.3 ± 0.0
γ-γ 3 20 12, 12 2.5 ± 1.4

Relaxed γ-γ 4 20 19, 19 0.1 ± 0.0
Single-jet 33 10 250 5.2 ± 0.0
Single-jet 34 1 000 120 1.6 ± 0.0
Single-jet 35 100 000 60 0.4 ± 0.0

Total HLT rate 119.3 ± 7.2
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33

Thresholds chosen 
to obtain a final 
output rate 
consistent with the 
bandwidth 
capability.

Still work in 
progress!
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Figure 5: Heuristic comparison of HLT bandwidth assigned to various trigger paths calcu-
lated in this study with the DAQ TDR. For the triggers introduced in this study the DAQ
TDR entries appear empty. See text for details on different kinematic cuts and changes in the
HLT algorithms.

relaxed muon rates from the various MC samples.

0.5.4 Trigger tables

Table 11 summarises the Level-1 triggers used in this study, their kinematic thresholds, the
individual and cumulative rates. We have assumed a DAQ capability of 50 kHz, taking into
account a safety factor of 3.

Table 12 gives the full list of trigger paths proposed for L = 2×1033 cm−2 s−1 that have been
described earlier for an HLT output rate of approximately 120 Hz.

Fig. 5 shows a graphic representation of the HLT bandwidth assigned to all trigger paths
presented in this study. For the triggers that appeared in the DAQ TDR, the corresponding
rates are overlaid, in a heuristic comparison.

Many new triggers 
available with 
respect to the DAQ 
TDR.
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Conclusions
Extensive studies on the HLT selection and the Trigger Paths are currently being 
studied in CMS.

The scenario described concerns the luminosity scenarion of 2x1033 cm-2 s-1. 
L1 output rate 50 KHz
An HLT output rate of 100-150 Hz is expected.

These studies are carried out with full simulation and pileup contribution.
The Level-1 background is dominated by strong interactions.
Series of prescaled triggers are introduced for efficiency measurements.
Factor of 3 in rate has been used as  safety margin in the determination of the 
prescaling factors. 
Many types of cross-triggers are being studied: they allow to exploit low 
threshold on the basic trigger objects.
General improvements have been obtained with respect to the DAQ-TDR.
Lots of work still on-going.
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Table 6: Description and sizes of MC Samples used for the trigger studies. The contribution
to the HLT rate does not include pre-scaled triggers.

Cuts Cross section HLT rateSample description
(Momenta in GeV/c) (mb)

# of events
(Hz)

Minimum bias with
in-time pile-up; — 79.3 50 000 000 —

<# of interactions>= 5

QCD p̂T ∈ [15, 20] 1.46 × 10 0 49 491
QCD p̂T ∈ [20, 30] 6.32 × 10−1 49 244
QCD p̂T ∈ [30, 50] 1.63 × 10−1 49 742
QCD p̂T ∈ [50, 80] 2.16 × 10−2 99 486
QCD p̂T ∈ [80, 120] 3.08 × 10−3 96 238
QCD p̂T ∈ [120, 170] 4.94 × 10−4 99 736
QCD p̂T ∈ [170, 230] 1.01 × 10−4 99 226
QCD p̂T ∈ [230, 300] 2.45 × 10−5 99 481
QCD p̂T ∈ [300, 380] 6.24 × 10−6 98 739
QCD p̂T ∈ [380, 470] 1.78 × 10−6 46 491
QCD p̂T ∈ [470, 600] 6.83 × 10−7 47 496
QCD p̂T ∈ [600, 800] 2.04 × 10−7 48 986
QCD p̂T ∈ [800, 1000] 3.51 × 10−8 45 741

Partial total 930 099 55.3 ± 6.9

1 electron withW −→ eν
|η| < 2.7, pT > 25

7.9 × 10−6 3 944 9.7 ± 0.2

2 electrons withZ −→ ee
|η| < 2.7, pT > 5

8.2 × 10−7 4 000 1.4 ± 0.0

pp −→ jet(s) + γ, jet: pT > 20,
p̂T > 30 GeV/c γ: pT > 30

2.5 × 10−6 4 000 1.0 ± 0.0

1 muon withW −→ µν
|η| < 2.5, pT > 14

9.8 × 10−6 4 000 14.0 ± 0.3

2 muons withZ −→ µµ
|η| < 2.5, pT > 20, 10

7.9 × 10−7 2 941 1.5 ± 0.0

1 muon withpp −→ µ + X
pT > 3

2.4 × 10−2 839 999 25.5 ± 1.2
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pp Cross-section
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pp cross section and Minimum bias

! # of interactions/crossing:
" Interactions/s:

# Lum = 1034 cm–2s–1=107mb–1Hz
# σ(pp) = 70 mb
# Interaction Rate, R = 7x108 Hz

" Events/beam crossing:
# ∆t = 25 ns = 2.5x10–8 s
# Interactions/crossing=17.5

" Not all p bunches are full
# 2835 out of 3564 only
# Interactions/”active” crossing = 17.5 x 3564/2835 = 23
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