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The AIRFLY (AIR FLuorescence Yield) experiment objective is the precise measurement of the fluorescence
yield in atmospheric gases. AIRFLY takes data at the Beam Test Facility of the INFN Laboratori Nazionali di
Frascati. A first test performed on the beam line has allowed to verify the feasibility of the physics program which
includes an absolute measurement of the fluorescence yield with a precision better than 5%, the measurement of
the spectrum and of the yield dependence on the electron energy, gas pressure, temperature and composition.
Details of the experimental apparatus and preliminary results from the test are reported.

1. INTRODUCTION

Fluorescence detection of ultra high energy cos-
mic rays is a well established technique. It is
based on atmospheric nitrogen excitation by the
charged particles of the air shower, mainly elec-
trons and positrons, followed by emission of pho-
tons mostly in the 300-400 nm range. One elec-
tron produces about 4 photons per m of air. A
precise measurement of the fluorescence yield is
essential for the absolute calibration of ultra high
energy (> 1018 eV) cosmic ray detectors based

on the fluorescence technique. In fact, new gen-
eration experiments, like Hires [1] and Auger [2],
have sensibly reduced the systematic uncertain-
ties related to the measurement technique, and
the knowledge of the fluorescence emission effi-
ciency is currently one of the most relevant con-
tribution to the absolute energy calibration.

The AIRFLY experimental programme is a de-
tailed and precise measurement of the fluores-
cence yield: the emission spectrum and the de-
pendence on the particle energy, on the gas pres-
sure, temperature and composition will be mea-
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sured.
The AIRFLY experiment has been approved at

the Beam Test Facility (BTF) [3] of the Labora-
tori Nazionali di Frascati. Electron and positron
beams are available at the BTF, with intensities
from single particle up to 1010 particles per bunch
and with energies between 50 and 800 MeV. The
measurement at the BTF represents the first mea-
surement of the fluorescence yield in the range of
the electron critical energy in air (80 MeV).

The most difficult part of the AIRFLY physics
program is the absolute measurement of the fluo-
rescence yield. The systematic error on this mea-
surement is dominated by the uncertainty related
to the absolute calibration of the photon detec-
tors. An improvement of the recent results pre-
sented in [4] implies a measurement with a preci-
sion better than 10%. The AIRFLY collaboration
has developed a new method for this task: the de-
tector systematics will be cancelled normalizing
the fluorescence yield to a well known process, the
cherenkov radiation production [5]. The method
is very promising and the accuracy is expected to
be better than 5%.

Details of the experimental apparatus and pre-
liminary results from the test performed on the
beam line are reported in the following sections.

2. THE EXPERIMENTAL APPARATUS
AND FIRST TEST BEAM RESULTS

2.1. The AIRFLY chamber prototype
A dedicated beam period for AIRFLY took

place at the BTF in 2003 and 2004. The main ob-
jectives of this first test were the characterization
of the beam and related background and the op-
eration of the AIRFLY chamber, in preparation
for the final design. The experimental appara-
tus consisted of a 6-way cross aluminum chamber,
with 400 mm length along the beam. The beam
entrance and exit aluminum flanges had a 1 mm
thickness to minimize beam interactions. Three
fused silica viewports are placed orthogonally to
the beam direction, equipped with 2 inches diam-
eter Photonis XP2262 photomultipliers, selected
for low noise. A filter wheel was associated to
each PMT. The filter wheels hosted interference
filters of central wavelength corresponding to the

main emission lines (315, 337, 360, 381, 391, and
401 nm), a M-UG6 band pass filter (300 to 400
nm) and a shutter used for background measure-
ments. The effective aperture of the filters was
1 inch. In order to minimize the background,
the PMTs are surrounded by a lead shield. A
vacuum pump and a set of remotely controlled
electromagnetic vacuum valves were used to allow
the gas into the chamber at the desired pressure,
from few mb to atmospheric pressure. Measure-
ments with dry air and pure nitrogen gas were
performed. The AIRFLY chamber installed in
the BTF beam line is shown in figure 1.

Figure 1. The AIRFLY chamber at the BTF
beam line.

The data acquisition system, based on the
VME standard, included scalers, charge integrat-
ing ADCs and TDCs. The trigger was provided
by the accelerator timing signal. The beam in-
tensity used in this first test was relatively low,
ranging from a few to several hundreds of elec-
trons per bunch at 24 Hz. It was monitored by a
lead-scintillating fibers calorimeter placed at the
end of the BTF line [3], having single electron
resolution. A second beam monitor [3], based on
cherenkov light production by beam particles in
air, was also used, in particular for the highest
intensities where the calorimeter saturated. Sev-
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eral checks of chamber operation were performed,
including measurements with the filters and at
different pressures. A first energy scan was per-
formed in the range 100 to 650 MeV, with the
main objective of understanding the characteris-
tics of the beam at different energies. Preliminary
results of the energy dependence of the fluores-
cence yield in pure nitrogen are shown in figure
2, together with the expected dE/dX.

Figure 2. Preliminary measurement energy de-
pendence of the fluorescence yield in nitrogen.
The solid line is the theoretical dE/dX depen-
dence.

2.2. The absolute measurement
The Airfly collaboration has developed a new

method for the absolute fluorescence yield mea-
surement. The normalization of the fluorescence
yield to a well known process, the cherenkov emis-
sion, allows to cancel the systematics related to
the absolute PMT calibration. The normaliza-
tion is done at the main fluorescence line (i.e. 337
nm). While the fluorescence radiation is emitted
isotropically in the space, the cherenkov radiation
is produced along the particle direction and can
be observed by placing, along the nominal beam
line, a mirror inclined by 45◦ with respect to the
particle direction. Using the same PMT during
two different runs, the fluorescence and cherenkov

signals in terms of number of detected photoelec-
trons (Npe) will be given by:

Nflu.
pe = Y flu.

γ gflu. Tfilter εpmt Ne (1)

N che.
pe = Y che.

γ gche. Rmirror Tfilter εpmt N ′
e (2)

where Yγ indicates the yield for the process, g is a
geometrical factor, Tfilter is the 337 filter trans-
mission factor, Rmirror is the mirror reflectivity,
εpmt is the PMT quantum efficiency and Ne is
the number of electrons in the beam. All the
quantities depending on the photon wavelength
are calculated at λ = 337 nm. From the ratio of
the two above expressions one has:

Y flu.
γ = Y che.

γ

gche.

gflu.
Rmirror

Nflu.
pe

N che.
pe

N ′
e

Ne
. (3)

Comparing equation (3) with (1) one can appre-
ciate the power of the method. Essentially the
PMT quantum efficiency, which is very difficult
to measure, cancels out and the absolute normal-
ization depends on the cherenkov yield which is
known from the theory [5]. The geometrical fac-
tors can be evaluated using Monte Carlo simu-
lations and the mirror reflectivity can be mea-
sured with high accuracy. The ratio of the num-
ber of electrons represents a relative measure-
ment. Moreover, observing the fluorescence and
cherenkov radiation at the same time with two
different PMTs, and reapeting the measurement
after having exchanged the two PMTs, the fluo-
rescence yield measurement is even indipendent
from the beam intensity.

The method has been tested on the beam line
with the eperimental apparatus shown in figure 3.
The shape of the box in front of the PMT was so
that to fix to 5 cm the path along which the elec-
trons produce the observed cherenkov photons.
The beam intensity was tuned in order to have
a fluorescence signal at most of 1 photoelectron.
We didn’t implement a gas system, so the gas
was the BTF air. In this conditions the signal
was around 1% of all triggers and the background
was at the level of only few % of the signal. In or-
der to have a cherenkov signal of similar intensity,
a neutral density filter with trasmission factor of
10−2 was used to attenuate the cherenkov light.
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Figure 3. Sketch of the experimental apparatus
used to test the new method for the absolute flu-
orescence yield measurement.

Using this simple experimental apparatus we
have obtained a very preliminary measurement of
the fluorescence yield in air: Y 337nm

γ ≈ 1.2 γ/m.
This number is in agreement with the recent mea-
surement presented in [4].

3. The final experimental setup

The test on the beam line has allowed to design
the final experimental setup. The 6-way cross
aluminum chamber will be 3 mm tick. The 4 en-
trances on the sides will hold the detectors, the
one on the bottom will hold the gas system and
in the one on the top a motorized mirror will be
placed to detect the cherenkov radiation. The
chamber will be placed at the end of the BTF
beam pipe and it will be separated from the vac-
uum of the pipe by a 0.5 mm thick berillium win-
dow. This window has been choosen in order to
minimize the multiple scattering of 50 MeV elec-
trons. For the measurements of the yield depen-
dence on the temperature, a special chamber is
under development. The chamber surface will be
crossed by pipes where liquid nitrogen flows.

Two different runs are foreseen: one with low
intensity beam (< 103 e−/bunch) for the absolute
yield measurement and for the energy scan, and
one with high intensity beam (108 e−/bunch) for
the study of the yield spectrum in different condi-
tions of gas pressure, temperature and composi-
tion. Two Hamamatsu H7195PX photomultipli-

ers absolutely calibrated and one DEP PP0475B
HPD (Hybrid Photo Diode) will be used as pho-
ton detectors. The HPD has been choosen for its
capability to distinguish the photoelectron peaks.
Interference filter of 2 inches diameter will allow
to increase the acceptance for the fluorescence ra-
diation. The spectrum will be measured by a
L.O.T. Oriel MS257 spectrograph with nominal
photon wavelength resolution of 0.1 nm. At the
end of the spectrograph the light will be detected
by an Andor CCD DV 420 with 1024×256 active
pixels which can work up to −80◦ with a very
low dark current. The acceptance for the fluores-
cence radiation will be increased putting a spher-
ical mirror in front of the spectrograph. In few
minutes of run we expect to reach a % statistical
accuracy.

4. OUTLOOK

The preliminary measurements performed on
the Beam Test Facility of the INFN Laboratori
Nazionali di Frascati have shown the feasibility
of the AIRFLY physics program. The fluores-
cence yield will be measured with a precision bet-
ter than 5% and in a wide energy range around
the critical energy of electrons in air. A detailed
measurement of the fluorescence spectrum will be
done in different conditions of gas pressure, tem-
perature and composition. We expect to have
preliminary results with the final experimental
design by the end of 2004.
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