Measuring luminosity at LHCb using
pp-> p +>"> + pevents

Abstract Luminosity at the LHC is directly related to the intensity of the proton beams. The event rate for any process can be calculated by multiplying
the luminosity by the effective cross-sectional area of the colliding protons for that process. We have developed a method for measuring the
luminosity at LHCb, one of four major particle physics detector experiments at the LHC, using the event rate for elastic dimuon production via di-
photon fusion, pp -> p + >™>+ p . This process has a cross-section which is known with a theoretical uncertainty of less than 1 %. We present the
modifications made to the LHCb trigger in order to ensure the recording of these events.
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The Large Hadron Collider Indirect Luminosity measurement

The number of events, N, seen for a particular process is
related to the probability for that process to occur (cross-
section) ~ and the beam luminosity L by the following :

The LHC is the worlds largest and highest energy particle
accelerator. Two proton beams travel in opposite directions Soh e
around the circular accelerator before being forced to collide in [
determined locations where the detector experiments are
located. The proton beams consist of tightly packed groups of
protons called bunches.
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Traditional luminosity measurements involve the direct

measurement of the beam current and shape. However

this technique has associated uncertainties of 10%.

We have developed a method for measuring the
luminosity at LHCb by recording the
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Recording events at LHCb LO modifications

The LHC operates with a bunch crossing rate of 40 MHz. At LHCb a quarter of
these bunch crossings will result in at least one proton proton collision giving an
event rate of 10 MHz (event meaning a bunch crossing which results in one or
more PP collisions). This rate is too high for all the events to be recorded. The
LHCb trigger is designed to filter these events in real time using information from
the various detector components. It is divided into two levels: Level-0(LO) and muon chambers (LO candidates) in B:
High Level Trigger (HLT). It reduces the event rate of 10 MHz to the more coincidence with a low SPD multiplicity. 6
manageable rate of 2 kHz which are then recorded (1Gb/s written to disk). Z_—

40 MHz HLT modifications ;

As the signal events contain only 2 muons the number of hits (multiplicity) in the
SPD (Silicon Pad Detector) will be relatively

low. This is used to separate the signal 181
events from background. LO looks for
aligned sequences of muon hits in the
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A schematic representation of the HLT modifications is shown below. A dimuon

Event rate 10 MHz can be reconstructed from an LO dimuon candidate, two LO muon candidates or a
LO output rate 1 VIHz single LO muon candidate and a muon segment (muon track reconstructed by HLT

which was not present among the LO muon candidates). Each method requires
HLT output rate 2 KHz

that the reconstructed dimuon have a mass greater than 1 GeV if the event is to
be recorded.

For the indirect measurement of luminosity it is necessary for the trigger to
record two types of event:
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contains a single collision of typepp->p+>>+p
contains two collisions, one of type pp ->p + >"™>+ p and the
other of any type
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Using computer simulation we generated a sample of both event types.

The trigger recording rate could then be investigated by passing these

events through the LHCb detector and trigger simulation packages. Both trigger
levels have been modified to ensure the selection of the above events and the
suppression of background. The background suppression has been studied using a
sample of unbiased pp events referred to as minimum bias (MB) events.

Modified Triggers

Trigger Level |[Signal efficiency |Pileup efficiency [ MB efficiency Signal efficiency Pileup efficiency MB efficiency
LO 0.005 0.4 0.056 0.85 0.73 0.056
HLT 0.51 0.77 0.001 0.9 0.88 0.001
Total 0.0025 0.31 0.000056 0.77 0.64 0.000056




