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Abstract: The LHCf experiment is dedicated to measure the particles emitted to forward region of proton-proton
collisions at LHC. The physics goal is to afford the data for the calibration and improvement of the hadron interaction
models. In this experiment, the luminosity that is necessary parameter to normalize the data has been determined with
the counting rate of a detector called Front Counter and the conversion factor from the rate to the luminosity. During the
LHCf physics operation at

√
s = 7 TeV in 2010, the two calibrations of this conversion factor were carried out in 26th of

April and 9th of May. This calibration is named vdM scan that is invented by S. van der Meer in 1969. The luminosity
during the vdM scans were determined within 5% and 4% accuracy for April and May scan respectively. Finally, because
the conversion factor is estimated within 5.5% accuracy, the luminosity determination in the LHCf experiment is also
5.5% accuracy.
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1 Introduction

1.1 The LHCf experiment

The LHCf experiment [1] is dedicated to measure the par-
ticles emitted to forward region of the proton collision at
LHC. The physics goal is to afford the data for the calibra-
tion and improvement of the hadronic interaction models.
The LHCf detectors, consisting of imaging calorimeter-
s made of tungsten plates, plastic scintillator and position
sensitive sensors, are installed at the ± 140 m from the in-
teraction point (IP), one side is called arm 1 and the oth-
er is called arm 2. There are massive zero degree neu-
tral absorbers (Target Neutral Absorber; TAN) in order to
protect the outer superconducting beam separation dipoles
(D2) from neutral particle debris from the IP. Charged par-
ticles from the IP are swept aside by the inner beam sep-

aration dipole D1 before reaching the TAN. Inside TAN
the beam vacuum chamber makes a Y shaped transition
from a single common beam tube facing the IP to two
separate beam tubes joining to the arcs of LHC (fig.1).
The Y-chamber has been carefully machined to have a
uniform one radiation length projected thickness over a
100 mm× 100 mm squared on the zero degree crossing an-
gle beam line. In the crotch of this Y-chamber, just be-
hind the 100 mm× 100 mm square there is an instrumen-
tation slot of 96 mmw× 607 mmh× 1000 mml extending
from 67 mm below the beam height to the top of the TAN.
The aperture for the LHCf measurements is limited by the
width of the slot and by the height of the beam pipe in the
D1 dipole projected to the TAN. This unique location cov-
ers the rapidity range from 8.4 to infinity.
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Figure 1: The Y shaped chamber

1.2 Luminosity

The luminosity is an important value to describe the energy
spectrum, because the number of collisions that is estimat-
ed by the luminosity is necessary to normalize the spec-
trum. The definition of the luminosity L is shown in eq.(1).

L =
Rinel

σinel
(1)

Here the Rinel is the rate of inelastic collisions and σinel is
the inelastic cross section of the proton collisions.
In our experiment, the luminosity is determined with the
detection rate of a detector as shown in eq.(2), because the
luminosity is proportional to it when the luminosity is low
enough.

L = CLRdet (2)

The CL is the conversion factor from the detection rate to
the luminosity and the Rdet is the detection rate. The de-
tector employed for calculating the luminosity is the LHCf
sub-detector called the Front Counter (FC).
To estimate the conversion factor, the calibration scans
called van der Meer (vdM) scans [2] were carried out on
26th of April and 9th of May in 2010. The vdM scan is
the method that is invented by S. van der Meer in 1969, it
is for finding the most effective beam colliding in ISR by
observing the counting rate while displacing one of the two
beams on the vertical or horizontal plane. The relationship
of the counting rate and the beam displacement occurs as
bell curve, and the luminosity is given with this deviation
(ΣH and ΣV ) that correspond to the beam width and the
beam intensity as shown in eq.(3).

L =
nbfrevI1I2
2πΣHΣV

(3)

Here the number of bunch is nb, the revolution frequency is
frev , the beam intensity per bunch is I1 and I2. The expla-
nation of FC and the detail of the vdM calibration scans are
written in section 2 and 3 respectively. Additionally, the
results of luminosity during the vdM scans and the conver-
sion factors are also reported.

2 Front Conter

FC is simple and thin detector that is composed of plas-
tic scintillator. One of the purpose is to monitor the beam

Figure 2: The front counter

condition by enhancing the detection efficiency rather than
the LHCf calorimeters. Two pairs of thin plastic scintilla-
tors (40 mm × 80 mm; the thickness is 2.0 mm for arm 1
and 2.5 mm for arm 2; Saint-Gobain CrystalsBC404) are
aligned in the vertical and horizontal directions to compose
a double layer counter as shown in Fig.2. Between the t-
wo layers, a copper plate of 0.5 mm thickness is inserted.
The scintillators and copper plate are assembled in the a-
luminum case 0.5 mm thickness. The total thickness of
FC is 8mm (0.057 radiation length) and 9mm (0.061 radi-
ation length) for arm 1 and 2 respectively. This aperture is
about 5 times larger than the calorimeters. The scintillation
photons propagate through the plastic light guides from the
scintillators are detected at the Hamamatsu H3164 PMTs.
FCs are installed in front of the LHCf calorimeters behind
Y-chamber from the IP. About 90 % of particles > 10 GeV
incident to the Y-chamber are gamma-ray at

√
s = 7 TeV

proton collisions. These particles are converted to electron
and positron pairs, and detected at FC. The thresholds for
each scintillator channel are set at 0.7 of minimum ioniza-
tion particle equivalent (MIP) and 0.5 of MIP for arm1 and
arm2 respectively, it is calibrated with cosmic ray tests on
the ground. In this setting, the MIP is defined as the energy
deposit peak of the cosmic ray. The detection condition is
that the energy deposit exceed the threshold on both layers.
The acceptance for single p-p collision is estimated as 39
% for arm 1 and 40 % for arm 2 at

√
s = 7 TeV single p-p

collisions by Monte Carlo simulation.

3 Van der Meer scan at LHC

During the LHCf
√
s = 7 TeV operation from April to July

of 2010, the vdM scans were carried out twice, the first was
on 26th of April and the second was on 9th of May. The
left figure and right figure of fig.3 show the time history
of beam separation width of April and May scan, respec-
tively. In 26th of April vdM scan, the displacement was
done once for each plane, the first scan was horizontal and
the second was vertical. In 9th of May scan, it was twice
for each plane, the first two scans were horizontal and the
rest is vertical. To estimate the counting rate as function of
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Figure 3: The time history of 26th April vdM and 9th May
scan

the beam separation width, The FC counting rate was mea-
sured for 10 seconds for each beam position. The results
are fit with the function written in eq.(4).

Ffit = A1e
− (x−μ1)2

2σ2
1 +A2e

− (x−μ2)2

2σ2
2 + ax+ b (4)

In this fit function, A1, A2, μ1, μ2, σ1, σ2, a and b are
fit parameters. The background is considered as the linear
function in this equation. The ΣH and ΣV in eq.(1) are
calculated by these σ1 and σ2 as eq.(5), and the detection
rate of FC at the peak is estimated from eq.(6).

Σ =
A1σ1 +A2σ2

A1 +A2
(5)

RFC = A1 +A2 (6)

For example, Fig.4 is the FC counting rate of the April
horizontal vdM scan as a function of the beam separation
width. The results of the April and May vdM scans are p-
resented in the table 1 and table 2 respectively. For the 9th
of April vdM scan, the scan of each plane was done twice.
To consider it, the results ΣH , ΣV and the FC counting rate
are average of all scans. The summary of these results 26th
April and 9th of May are shown in the bottom of the ta-
ble 1 and the table 2 respectively. Here, the error of the FC
counting rate is determined within the maximum and the
minimum value of scans.
To estimate the luminosity, the beam intensity information
is also necessary. The information that is given by the LHC
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Figure 4: The result of the 26th April vdM scan

26th April 9th May
beam 1 8.98 ± 0.34 18.99 ± 0.54
beam 2 10.35 ± 0.37 22.18 ± 0.61

Table 3: The beam intensity during vdM scans (109 pro-
tons)

Bunch Current Working Group [3] during the vdM scans is
shown in the table . While the scan, the number of colliding
bunch at IP1 was one for April and May. The parameter nb

and frev in eq.1 are 1 bunch and 11.2 kHz, respectively.

4 Results

As result of vdM scans, the luminosity of 26th April and
9th May are determined. They are shown in the table 4.
The main part of the uncertainty is comes from the error of
the beam intensity determination.
During the vdM scans, the luminosity is about 6.0 ×
1027/cm2s and about 2.0 × 1028/cm2s. The ratio of the
pile-up events are considered as 1.9 % and 6.2 % respec-
tively. To correct it, the correction factors that the pile-
up ratio is multiplied by the acceptance of FC are applied
to the luminosity conversion factors. The conversion fac-
tor from the FC counting rate to the luminosity could be
calculated with the information in table 1 and table 2. The
definition of the conversion factor is written in eq.2. The

26th April 5th May
FC 1 5.90 ± 0.31 20.1 ± 0.80
FC 2 6.04 ± 0.32 20.0 ± 0.80

Table 4: The results of luminosity during vdM scans
(1027/cm2s)
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Rate(Hz) ΣH (μm) ΣV (μm) χ2/dof
Hrizontal scan
FC1 121.81 ± 0.10 47.82 ± 0.08 - 18.5/16
FC2 117.09 ± 0.12 48.23 ± 0.10 - 19.5/16
Vertical scan
FC1 118.65 ± 0.17 - 58.75 ± 0.15 48.9/19
FC2 117.09 ± 0.28 - 56.89 ± 0.26 26.7/19
Summary (average)
FC 1 120.2 ± 1.7 47.82 ± 0.08 58.75 ± 0.15 -
FC 2 117.1 ± 0.3 48.23 ± 0.10 56.89 ± 0.26 -

Table 1: The fit parameter results of 26th April vdM scan

Rate(Hz) ΣH (μm) ΣV (μm) χ2/dof
Hrizontal scan 1
FC1 419.11 ± 1.36 59.37 ± 0.08 - 12.0/16
FC2 406.24 ± 2.87 59.33 ± 0.08 - 12.2/16
Hrizontal scan 2
FC1 416.60 ± 1.00 59.29 ± 0.25 - 10.6/16
FC2 402.80 ± 5.21 59.77 ± 0.12 - 18.2/16
Vertical scan 1
FC1 404.46 ± 0.45 - 63.43 ± 0.14 9.5/16
FC2 388.80 ± 3.65 - 62.85 ± 0.14 7.5/16
Vertical scan 2
FC1 401.55 ± 0.59 - 62.52 ± 0.21 14.0/16
FC2 385.64 ± 0.91 - 63.33 ± 0.16 13.5/16
Summary (average)
FC 1 410.4 ± 9.8 59.33 ± 0.26 62.98 ± 0.25
FC 2 395.9 ± 12.2 59.56 ± 0.14 63.09 ± 0.21

Table 2: The fit parameter results of 9th May vdM scan

26th April 5th May Average
FC 1 4.95 ± 0.26 5.01 ± 0.23 4.97 ± 0.28
FC 2 5.20 ± 0.27 5.18 ± 0.26 5.20 ± 0.28

Table 5: The results of conversion factors (1025/cm2)

results are shown in the table 5. In this table, the correc-
tions of the pile-up effects are take into account the linear
effects. From this table, conversion factors are consistent
in 1.2 % for arm 1 and 0.4 % for arm 2. The average of the
conversion factor for two scans are also shown in table5.
The luminosity is determined in 5.5% accuracy in the L-
HCf experiment.

5 Summary

In the LHCf experiment, the luminosity is determined by
the FC counting rate and calibrated conversion factor. FC is
the simple scintillation sub-detector of LHCf. To calibrate
the conversion factor, two vdM scans were carried out dur-
ing the LHCf

√
s = 7 TeV physics runs. In these calibra-

tion, the luminosity was determined as 6× 1027/cm2s and
20 × 1027/cm2s for the April and May scan respectively.
The pile up ratio during these luminosity are 1.9% for the
April scan and 6.2% for the May scan. When these effect-
s were corrected, the conversion factor from FC counting
rate to the luminosity is estimated as (4.97± 0.28)× 1025

for the arm 1 FC and (5.20 ± 0.28) × 1025 for the arm 2
FC. The luminosity is determined with 5.5% accuracy in
the LHCf experiment.
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