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For the detection of ultrahigh energy cosmic rays, many expsats rely on the fluorescence technique to
measure the longitudinal development of extensive air shhewn the atmosphere. The key quantity for the
energy reconstruction of the primary particle is the fluceege yield which depends on pressure, temperature
as well as the composition (e.g. water vapor) of the air. Tirtight Experiment at Forschungszentrum
Karlsruhe aims for a measurement of the fluorescence yietdy idectrons emitted by &'Sr source. The
usable energy of the electrons ranges from 250 keV to 2 Meffefent gas mixtures can be tested at pressures
between 5 hPa and 1000 hPa. The current status and firssredlithe presented.

1. Introduction

Due to the extremely low particle fluxes, very-high energgm@ rays can be detected only indirectly by
observing extensive air showers (EAS). Apart from theiredgbn by large detector arrays on the ground,
very-high energy EAS can also be measured with the aid of tlueirescence light emissions. This technique
utilizes the atmosphere as a scintillator with the advantddeing able to directly access fundamental shower
parameters, as the longitudinal development of the toégteimagnetic energy deposit along the shower axis,
without relying on theoretical interaction models. Therefthe longitudinal shower profile provides com-
plementary information to the lateral particle distrilum$ at ground, measured by the large detector fields.
Challenging is the need of a very good understanding of thieecffuorescence detector, including the atmo-
sphere and the fluorescence emission process.

If all the fluorescence photons are assumed to be emitted tlershower axis, the number of observed photons
in the detectorlV,, per unit path lengtldz is obtained by

d?N?
o= [ B ema) w0 d, ®
wheree,, andepp are the total efficiencies of the atmosphere and the fluonescdetector respectively,
which have to be monitored very carefully. The number of piedi fluorescence photons at the shower axis
dNS per wavelength bir\ is assumed to be related to the deposited enéfgy,, in the layerdz according
to [1, 2]: 2N B
d)\d; = y(AaTap) : ddmep . (2)
The quantityy(X, T, p) is the fluorescence yield, which depends on the wavelehgththe emitted fluores-
cence light as well as on temperat@rér) and pressurg(z) of the air at the position of emission. If Eq. (2)
is valid, the fluorescence yielg \, T', p) does not depend on the energy of the ionizing particles anq1q
transforms to the simple form

dN,  dEq4cp

e /y()\,T7 P) * Eatm (A, ) - epp(\, ) dX . (3)

Thus, the fluorescence light output of an EAS is directlytegldo the energy deposited along its shower axis.
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Figure 2. Total efficiencies of the different wavelength

bands. The dashed line belongs to the M-UG6 filter and the

solid lines represent the interference filters. The most promi-

nent nitrogen transitions are labeled in the sketched spectrum
Figure 1. Experimental setup of the AirLight Experiment.measured by Ulrich et al. [4] (not calibrated).

2. The AirLight Experiment

Most of the fluorescence emissions in air, in the waveleragtiye between 300 nm and 400 nm, are originating
from excited N and Nj molecules [3]. In an EAS nearly all of the nitrogen excitai@re caused by electrons
and positrons with energies below 1 GeV [2]. About 13 % of tepabited energy in the atmosphere comes
from low-energy electrons between 250 keV and 2 MeV [2]. Tiheaf the AirLight Experiment is to measure
the relation between the fluorescence emission and thesithwizenergy deposit of electrons, Eqg. (2), in this
energy regime for atmospheric pressures, ranging from 3hP@00 hPa. Furthermore, the influence of water
vapor will be investigated.

In Fig. 1, the experimental setup of the AirLight experimisrghown. The experiment consists of a cylindrical
aluminum chamber with seven photomultipliers (PMT) modrgerpendicular to the chamber axis at a radius
of 20 cm. Six PMTs are equipped with narrow band interferditees (FWHM ~ 10 nm) matched to the most
important nitrogen transition bands as it is illustratedFig. 2. One PMT has a M-UG6 absorption filter as it
is used in the fluorescence detectors of the Pierre Augerr@disey [5] to measure the integral fluorescence
spectrum between 300 nm and 420 nm. The chamber is blackzanbidi suppress photons scattered off the
chamber walls which would bias the acceptance of the PMTe.€léctrons are emitted from?aSr°Y beta
source with an endpoint energy of 2.3 MeV. The source hastantpof 37 MBg and is located behind a lead
collimator of 6 cm length at the top of the chamber. Once thetedns have passed the collimator they traverse
10 cm of test gas (normally air or pure nitrogen) and are firetthpped in a scintillation detector at the bottom
of the chamber. The scintillator measures the energy ofldatrens and was calibrated by the measurement of
the two well-known Compton-edges in the energy spectrun?éia gamma emitter. Analyzing the smearing
of the Compton spectrum, the energy resolution of the et turned out to be aboyf /MeV) =% - 10%.

The measuring procedure takes advantage of the coincidmtesen the electron signal in the scintillator
and the signal of the induced fluorescence photons. Theiresdistribution of time differences between the
electrons and the coincident PMT signals is shown in Figr3tfe 337 nm band. Since the relaxation of the
excited states follows an exponential decay law, the sigaalbe fitted with a Gauss convoluted exponential
function taking into account the experimental time resolubf about 0.8 ns. Accidental coincidences can be
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Figure 3. Fluorescence signal of the 2P(0,0) transitidfigure 4. Reciprocal lifetimesl /< for the 2P(0,0) and

(337 nm band) in pure nitrogen at a pressure of 100 hPa 2Rq1,0) transitions in pure nitrogen vs. pressure af @0

20°C. The Q-values are the quenching rate constants for the nitro-
gen self-quenching.

subtracted as flat background from the fluorescence sigeatsuse of their missing time correlation with the
scintillator signal.

3. Some theory and first results

The data taking and the analysis are still ongoing. Nevkrise some first results will be discussed in this
section. As one can see in Fig. 2, the nitrogen spectrum stsnsf a variety of bands. Each band belongs
to a transition between the vibrational states of a certi@ctenic transition. For example 2P(0,1) labels the
transition between the vibrational staiés= 0 andv” = 1 of the second positive electronic nitrogen transition
system C*II, — B®II,). The broadening of the bands is due to the rotational sutistre which is not
resolved in Fig. 2. The relative intensities of the singlerational bands, which belong to a certain electronic
transition, are given by the Einstein transition probaiesi A, ,» which have been calculated by Gilmore et
al. [6]. Therefore the radiative lifetime,. of a vibrational state’ can be calculated from the sum over all
radiative transition probabilities/7, = > _,, Ay 4.

Since the excited nitrogen molecules suffer collisionshwather molecules, there is a competition between
radiative transitions and radiationless deactivationeghing). The probability of collisional deactivation of
the statev’ can be expressed hly/'7¢,, wherer¢, is the mean time between such collisions, depends on
the collisional cross sections as well as on temperafuaed pressurg of the gas and hence it follows from
kinetic gas theory¢, oc v/T'/p [3]. The relaxation ratél% and the effective lifetimeff(p, T') of an exited
state are therefore:

!

dN, < 1 1 ) " 7976, 79,
- - — + . NU/ (t) s Te, = v_v = v . (4)
dt 7'3, TS, v TS, + 75 1+ p—}z :

79, is the observed lifetime at zero pressure which has not toeessarily equal to the radiative lifetime
T, due to internal quenching effects. If the presspneaches the reference presspfg the collisional
deactivations are getting stronger than the optical ttems. The probability for an excited statéto relax
into a lower state” of the band system through the emission of an optical phesults to bed, -7 (p, T).
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If the number of excited states is proportional to the loegdabited energyX,: = f.’ - F4ep), the fluorescence
yield of the transition’’ — v’ can be expressed as

y(v’ - 'U/lvpa T) = fv’ ) Av’m” 'TS’ﬁ(pa T) ) (5)
where f, is the number of excited state$per deposited energy. As one can see in Fig. 2, the fluorescenc
spectrum of nitrogen in the wavelength range between 300mh#80 nm consists almost entirely of vibra-
tional transitions within the second positive system (2Rhw' = 0, 1 and the first negative system (1N) with
v’ = 0. Thus the total nitrogen fluorescence yield can be expraadadt approximation as the superposition
of three contributions

Yeot(p, T) = Zsz(O =", p,T) 4+ yop(1 = 0", p,T) + y1n (0 = 0", p,T) , (6)
where all the transitions of one contribution have the sanenghing behavior. Since in Eq. (6) there are only
contributions withv’ = 0, 1 it is sufficient to study the quenching just for the 2P(0,0(20) and 1N(0,0)
bands. This is shown in Fig. 4, where the reciprocal lifermgre! for the 2P system are plotted against the
pressure in pure nitrogen. For the 2P(1,0) transition tmribution of the other two bands in the filter range
is not taken into account because of their rather low intessiThe values obtained for this two transitions are
in good agreement with other published data [7, 8]. Somedijlespecially the filters at 360 nm and 380 nm,
happen to match with two nitrogen bands. For this cases, tlsdivn in Fig. 3 has to be done with two
components using fixed lifetimes taken from the 2P(0,0) dn@d @) data. The measurement of the 1N bands
is much more complicated because of their large lifetimdswatpressures and their low intensities at high
pressures. The corresponding analysis for this tranggistill ongoing.

4. Status and Outlook

The experimental setup of the AirLight Experiment at Fotsaiszentrum Karlsruhe has almost been com-
pleted. First measurements have been performed in puogaitrat 20 C. The data analysis is in progress and
first results about the quenching mechanism are in agreenignprevious data. Future work will concentrate
on the measurement of the quenching constants for diffaienbnstituents and on the absolute calibration of
the PMTSs, to be able to determine the excitation yigids In addition GEANT4-simulations [9] of the energy
deposition in the chamber and the PMT acceptances are inga®g
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