
P
o
S
(
I
C
H
E
P
2
0
2
4
)
9
5
6

Run-3 improvements in the ATLAS online luminosity
measurement

A. Renske A. C. Wierda1,∗ on behalf of the ATLAS Collaboration
1KTH Royal Institute of Technology,
Department of Physics,
SE-10691 Stockholm, Sweden

E-mail: wierda@kth.se

The ATLAS Online Luminosity Calculator (OLC) is a standalone component of luminosity-
related software responsible for the calibration of online luminosity measurements from the
various ATLAS luminometers, as well as for providing an interface between ATLAS and the
LHC. It also provides the infrastructure for synchronizing the LHC beam movements with the
ATLAS DAQ during beam separation scans. In Run-3, the system has seen several developments
aimed at making the OLC as a standalone system able to provide data from a wider range of
luminometers. This involves a larger degree of integration between the LUCID-2 software and the
OLC. This proceeding will focus on recent developments, including the ability to switch between
using ATLAS or LUCID-2 as the source for time measurements, and the possibility to switch
between several different sources to retrieve or calculate the current bunch pattern in the LHC.
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Introduction Luminosity measurements are a crucial ingredient to the LHC physics programmes.
The instantaneous luminosity is given by

⟨Linst⟩ = 𝑛𝑏
⟨𝜇⟩ 𝑓𝑟
𝜎inel

, (1)

where ⟨𝜇⟩ is the bunch-averaged collision rate per bunch-crossing, also known as pileup. However,
we cannot directly measure pileup as our detectors have a limited coverage. Instead, we measure
the visible pileup ⟨𝜇vis⟩ and rescale with the visible cross-section. Most luminometers do not
directly measure the pileup, but instead some form of raw data, which is converted to pileup using
luminosity algorithms.

ATLAS’s main luminometer is the LUCID detector [1], which is comprised of 32 photomulti-
plier tubes (PMTs). Each PMT gives an output every bunch-crossing indicating whether it recorded
a hit or not, resulting in a bunch-by-bunch luminosity measurement. Additionally, the Beam Con-
ditions Monitor (BCM) [2] with two sets of sensors placed at the A and C sides that can give an
output every bunch-crossing, if at least one charged particle passed through one of the sensors.
Finally each of the calorimeters (FCAL, EMEC and TileCal) [2] can also act as a luminometer, as
the electric currents are directly proportional to the pileup. These currents can however only be
read out every two seconds, and can thus only give a BCID-integrated luminosity measurement,
where BCID stands for bunch-crossing ID.

While offline analyses focus on reducing the uncertainties of luminosity measurements, the
online systems are an important aspect of operations. Monitoring the luminosity in real time helps
the LHC optimise the beams for collisions, as well as providing the ATLAS trigger systems with
vital inputs for pre-scaling. The Online Luminosity Calculator (OLC) is ATLAS’s online luminosity
system, which runs in a separate partition. The core structure of the OLC during Run 3 is shown in
Fig. 1.

Run-3 improvements to the OLC The Run-3 updates to the OLC focused on improving the
OLC’s independence from ATLAS in its "standalone" mode, where the goal is that the OLC can
provide all luminosity measurements without ATLAS needing to be online. While this independence
is not critical during regular physics running, it is important for machine development periods and
similar situations. The following important steps towards a fully functional standalone mode have
been taken for Run 3:

• Full LUCID standalone functionality. LUCID has its own standalone mode where it can
provide luminosity measurements separately from ATLAS. In Run 2, only the ATLAS internal
clock was available to LUCID, which runs on a different frequency to the LHC clock. For
Run 3, the LHC clock is now also an option.

• BPTX for bunch masks. When ATLAS is taking data, the bunch masks are entered into the
trigger configuration, from which the OLC retrieves them. This caused the OLC to have
incorrect information when running in standalone mode, so it is now possible to switch to the
BPTX system [3] which measures the bunch masks independently from ATLAS.

• Luminosity blocks generated by LUCID. The timings for the luminosity blocks are typically
generated by ATLAS and the OLC follows these. For Run 3, LUCID has now gained the
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Figure 1: Flowchart detailing the structure of the OLC in Run 3. Both bunch-by-bunch (orange) and
BCID-integrated (purple) data are processed in real time, supplied from ATLAS’s different luminometers.
Parameters for the different luminosity algorithms are stored in the IS database. Luminosity blocks or
lumiblocks are time ranges where the full detector output is assumed stable while being long enough to
measure basic quantities, typically 60 seconds.

ability to independently generate the luminosity block timings, which the OLC can also follow
as an alternative to ATLAS timings.

These three improvements combine to form a major addition to the OLC’s standalone functionality:
bunch-by-bunch luminosity measurements. With LUCID now synced up and generating luminosity
block timings, as well as BPTX providing bunch masks, all the necessary ingredients are available
to the OLC and as such the bunch-by-bunch processing has been implemented for standalone mode.

Conclusions The goal for the OLC’s operation is to have a fully functional standalone mode,
and crucial steps have been taken in Run 3 towards it. Multiple new luminometers are being
explored for the extensive ATLAS upgrades during Long Shutdown 3. The Run-3 improvements
will provide an important framework for the integration of these new luminometers with the OLC,
further improving the robustness of ATLAS’s online luminosity measurements.
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