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HFOC: Hadronic Forward Calorimeter Occupancy

The Hadronic Calorimeter is positioned in the
forward direction, at ~11.2m, covering 3 < n < 5.

The HFOC method measures the fraction of
calorimeter channels with energy measurements
above a certain threshold, to estimate the collision
rate. This information is then used to determine the
instantaneous luminosity by correlating the number
of measured clusters with the number of
proton-proton collisions.




Luminosity ingredients
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where

e f = 11245 Hz is the LHC revolution frequency;

* ny is the number of bunch crossings in the LHC that are filled with particles in both beams;
 N; and N, are the numbers of particles per bunch in beam 1 and beam 2,

« 2, and X, are the widths obtained from the Gaussian fits to the x and y scan.



STEP 1

Horizontal and vertical widths of the beams
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Van der Meer scan

The beam’s positions are first varied along the x-axis and then along the y-axis to
measure how the collision rate changes, thereby determine the overlap of the
beams for precise luminosity calibration.
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The fitted width of the Gaussian gives us £ and Zy.



STEP 2

Number of bunch crossings
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Easily calculated by checking out of all the 3564 bunch slots which ones have
particles in both beams.



STEP 3

Number of particles per bunch per beam
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Calculated as the number of particles divided by the number of bunches.



Instantaneous luminosity
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Visible cross section

Once we calculated the head-on instantaneous luminosity, we calculate the visible
cross section:

number of events per second = luminosity (pb's™") x cross section (pb)
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Where:
L is the instantaneous luminosity

N_ ,is a measurement of the number of collisions, calculated as the average rates during the VdM

t is the time interval of the stored measurements

1meas



Task 1: including beam currents to the fit

We included beam currents in the fit to correct for changes in the number of
protons per beam, which affects the interaction rate during the (m)VdM scan.

By normalizing the rate using the average number of protons in both beams, the fit
quality improved by just 1%. This is consistent with expectations, as the
normalization factor only varied by 0.3% throughout the scan.
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Normalized rates
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The fitted width of the Gaussian gives us Z and Zy.




Instantaneous luminosity

Inst. luminosity for normalized and non-normalized data by measured proton numbers
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Task 2: split in BxID
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Beam induced effects can give backgrounds:

e Afterglow: activation of the detector which decays

e Slow particles (12m ~ 2 BxID)




Let's look at
older data:
- 7 trains
- 75 bunches
- Split by step
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Fitting on train by train basis
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Rate [a.u.]

Residuals

Comparing the first two bunches in train 1

Train 1, Bunch 0: y? = 11448
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Task 3: using measured beam positions

Beam positions are measured by the DOROS beam position monitors, located on
either side of the CMS detector. These monitors independently measure the
transverse positions of the beams.
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Residuals

The fit quality is worse. Proper corrections are essential for improved accuracy
in luminosity calibration.
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Conclusions

An accurate luminosity is key when performing absolute measurements
When using a forward HCal:

Beam decay shows sub-percent contributions

Beamglow gives clear contribution — Corrected in recent data

Clear deviation when using DOROS for the beam separation



Backup



Hadronic Calorimeter

Positioned in the forward direction at
around 11.2m covering3<n <25

Spa-cal based technology:

e Steel + quartz
e Fast signal and radiation hard
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X-axIs
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More averaged by train...

Train 2: y* = 1069.5
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More averaged by train...

Train 4: x> = 11431
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More averaged by train...

Train 6: x> = 1049.1
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